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Exciting new results in Cosmology
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More are coming with LSS probes in Stage IV surveys

&esa

www.spaceteiescope.org

Galaxy clustering and weak lensing as two of the main probes to
measure cosmological information with LSS.
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With great (statistical) power comes great (systematics) responsibility

&esa

www.spaceteiescope.org

r

Accurate assessment of survey incompletenesses, selection effects on galaxies and

biases on measurements of their properties to fully exploit these data.
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Systematics in LSS measurements

Both probes are affected by a number of systematics, e.g. for weak lensing:
* Noise bias in shape estimation (e.g. Kacprzak+12,14).

*Modelling colour-dependent PSF (e.g. Paulin-Henriksson+08).

e Spatially varying survey properties (e.g. Rodriguez-Monroy+22).

*Object blending (e.g. Sanchez+21).

e Accurate treatment of intrinsic alignment (e.g. Fischbacher+23, McCullough+24).
* Robust estimates of galaxy redshift distributions (e.g. Crocce+16, Myles+21).

*Modelling of the non-linear power spectrum.
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Blending in Stage |V surveys

DECaLS HSCssP L Sl & ~  CANDELS

Melchior+21
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Blending in Stage |V surveys
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Requirements in tomographic n(z) uncertainties

(2,,, 0 are highly sensitive to uncertainties in the n(z) of source galaxies, especially
the mean redshift (e.g. Amon+22, van den Busch+22, Li+23, Dalal+23, Zhang+25).
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What prevents us to have well measured n(z)?

Gains in performance: regular photo-z methods (template ftitting, machine
learning) are not precise enough (Newman&Gruen22 review).

Calibration uncertainties on the mean

2.5

P redshift are |Az| ~ 0.01 X (1 + 2)
(Schmidt+2020), too high for Stage IV.
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What prevents us to have well measured n(z)?

Incomplete knowledge of the galaxy population: sets informative prior, existing
samples of spec-z may systematically miss some population of objects leading to
biased colour-z relations (Newman&Gruen22 review).
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You need model tor the galaxy population!
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Pixel-level Forward-modelling of galaxy surveys
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GalSBl: phenomenological galaxy population model
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Advantages of a stellar population synthesis (SPS)-based model
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*High-z analogs of low-z galaxies retaining physical

consistency.

e|ntegration of SPS-based forward modelling with image
and spectra simulators allows tfor characterising survey
selection functions, biases and incompletenesses.
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Stellar Mass function
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GalSBI-SPS: physics-based galaxy population model
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GalSBI-SPS: stellar mass function
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GalSBI-SPS: star formation history
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GalSBI-SPS: physics-based galaxy population model
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Pixel-level image and spectra simulations

Ultra Fast image generator (UFig) Ultra fast Spectra simulator (USpec)
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Publicly released in Fischbacher+24 (incl. LT) Soon to be released in Tortorelli+25 in prep.
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GalSBI tframework is publicly available

The (Great) GalSBI

< arXiv | 2412.08701 | £ arXiv 2412.08722 @ Source Code

Create realistic galaxy catalogs and astronomical images based cn the GalSB! model. The GalSEl pheromenological model is described in FischbacFer et al. (2024) and the
texttt{galsbilpackage is described in Fischbacher et al, (2024). The GalSEl stellar population synthesis-tased model is described in Tortorelll et al, {2025) and the package is dascribad
in Tortore li et al. (2025),

Installation

The package can be installed va pip:

pip install galsbi

Usage

To generzte a catalog of galaxies with their intrinsic properties from the phenomenclogical model, you can use the fol.owing ccde snippet:

from galsbi inport CalS3I
model = GalSBI("Fischbacher+24*)

modeL()
cats = model. .oad_catalogs()

o generzte a catalog of galaxies with their intrinsic properties from the stella- population synthesis-based model, you czn use the following code snippet:

galsbi on gitlab

from galsbi inport GalS3I

model = 6alSBI("To~torelli+25")
model()
cats = model..0oad cataloas()

https://cosmo-docs.phys.ethz.ch/galsbi/index.html

More examples and detalked documentation can be found in the cocuma2ntation.

Citation

If vou use GziSBI in yvour work, alease cife the science papers Fischbacher et al. (20241, Tortore li et al. (2023) for using the GalSEI model and the cade rel2ase papers Fischbacher et al.

[ ]
(2024), Torterelli e, al (2025) for usirg the sackage. If you are using sgecific models or parameirizations please also cit2 the corresponding capers If you are not sure waich papers to | u t O r I a ‘ h e re

cite, use the following with your made! irstance:

modeL.zite()

Credits

This package was develcped by the Cosmology group at ETH Zurich and updated by tre ACAI g-oup at LMU Munich. The package is currertly mzintained by Silvan Fischbacher and
Luca Tortorell,

Contributions

Cortributions are welcome, and thay are greatly appreciated! Every little bk helps, and credit wil. alwavs be given.
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https://cosmo-docs.phys.ethz.ch/galsbi/index.html
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Positions in GalSBI|

= Current status: Random sampling from a O m R EO 0
uniform distribution O @@\N @):
R |
= Work in progress: Using Subhalo © @@@ © O
Abundance Matching (SHAM) = @ ' th
SHAM overview: S Mimi

* Full-sky DM-only simulation (PINOCCHIO)

»Halo catalog + merger trees

N E
= Extract subhalos = =
2
= Classity (sub)halos as host for red/blue 5 =
. 3 7))
ga‘aXIGS | 7 not survived
* Match magnitudes to (sub)halo mass
>aSSi9n pOSitionS Berner+22'24' time since merger
Fischbacher+25 tquench I
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Posterior predictions for galaxy evolution

Blue Luminosity Function, z=0.5
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Forward-modelling the 4C3R2 spectroscopic survey
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Figure 7: Tomographic bin assignment for the Stage-IV survey setup.
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L ooking ahead... to Stage |V surveys

*GalSBl framework has the potential to obtain
orecise redshift distributions for a Stage-1V setup.

eHowever that requires constraints not only on

ohotometric data, but also on spectroscopic
data... And realistic clustering.

eForward-modelled n(z) can already be used for a
Stage IV precursor cosmological re-analysis (e.g.

HSC).
e And in the future for LSST and Euclid.
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alsbi on gitlab
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