Astronomy & Astrophysics manuscript no. output ©ESO 2026
May 6, 2026

Euclid preparation

XCIX. Cosmology Likelihood for Observables in Euclid (CLOE). 6: Impact of
systematic uncertainties on the cosmological analysis

Euclid Collaboration: L. Blot*!-2, K. Tanidis>, G. Cafias-Herrera* >, P. Carrilho®’, M. Bonici®?, S. Camera!® 1112,
V. FE. Cardone'? 4, S. Casas!> 1, S. Davini'’, S. Di Domizio'® !, S. Farrens!’, L. W. K. Goh!?,
S. Gouyou Beauchampszo’zl, S. T1ié?% 23 S. Joudaki®*, F. Keil®, A. M. C. Le Brun?, M. Martinelli!3- 14,

C. Moretti®>>26:27:28 'y Pettorino®, A. Pezzotta?®, Z. Sakr’%23-31 A. G. Sanchez’2, D. Sciotti!> !4, 1. Tutusaus?!-20-23,
V. Ajani'®3%34 M. Crocce?!?°, A. Fumagalli®®, C. Giocoli*>3°, L. Legrand®”-3¥, M. Lembo®*%%4! | G. F. Lesci*>3>,
D. Navarro-Gironés’, A. Nouri-Zonoz*, S. Pamuk*, A. Pourtsidou”*>, M. Tsedrik’-%°, J. Bel*¢, C. Carbone?,

C. A.J. Duncan’, M. Kilbinger!®, D. Sapone*’, E. Sellentin*®->, P. L. Taylor**->°, L. Amendola*’, S. Andreon®’,
N. Auricchio®, C. Baccigalupi?®>>27-28 M. Baldi®!-3>-36, S. Bardelli®>, P. Battaglia®>, A. Biviano®>2,

E. Branchini'® 172, M. Brescia’>33, V. Capobianco!?, J. Carretero®*>*, M. Castellano', G. Castignani®>,

S. Cavuoti®>*>3, K. C. Chambers®, A. Cimatti’’, C. Colodro-Conde’®, G. Congedo’, C. J. Conselice®,

L. Conversi®®®!, Y. Copin®, F. Courbin® %+ H. M. Courtois®®, M. Cropper®’, A. Da Silva®® % H. Degaudenzi’®,
S. de la Torre’!, G. De Lucia®, H. Dole’?, M. Douspis’?, F. Dubath’?, X. Dupac®', S. Dusini’3, S. Escoffier’*,

M. Farina”>, F. Faustini!> 7%, S. Ferriol®2, F. Finelli*> 77, M. Frailis®, E. Franceschi®’, M. Fumana®, S. Galeotta?>,
K. George’®, W. Gillard’#, B. Gillis’, J. Gracia-Carpio’?, A. Grazian’’, F. Grupp>>%°, S. V. H. Haugan®', H. Hoekstra®,
W. Holmes®?, I. M. Hook®?, F. Hormuth®, A. Hornstrup®>-3¢, K. Jahnke®’, M. JThabvala®®, B. Joachimi®’,

E. Keihdnen?, S. Kermiche’#, B. Kubik®?, M. Kiimmel®?, M. Kunz*?, H. Kurki-Suonio®"-2, O. Lahav®’, S. Ligorilz,
P. B. Lilje81 , V. Lindholm®"- %2, I. Lloro”?, G. Mainetti®*, D. Maino”>-%-°¢, E. Maiorano’>, O. Mansutti>,

0. Marggratg7, K. Markovic®2, N. Martinet’!, F. Marulli*>3%-3¢ R. J. Masseygg, E. Medinaceli®, S. Mei%® 190,

Y. Mellier!?-3%, M. Meneghetti35’36, E. Merlin'3, G. Meylanloz, A. Mora'®, L. Moscardini*>3>3¢, E. Munari®>2°,
R. Nakajima97, C. Neissner' %34 S.-M. Niemi*, C. Padilla!?*, S. Paltani’?, F. Pasian®, K. Pedersen!?°,

W. J. Percival® 196107 'S Pires!®, G. Polenta’®, M. Poncet!%, L. A. Popa109, L. Pozzetti®, F. Raison’2, A. Renzi'!10-73,
J. Rhodes®?, G. Riccio®?, E. Romelli?>, M. Roncarelli®, C. Rosset”, R. Sagliaso’32, B. Sartoris®®% | P. Schneider”’,
T. Schrabback!!!, A. Secroun’®, E. Sefusatti®>- 2027 G. Seidel®’, S. Serrano?*- 11221 P Simon”’, C. Sirignano”o’ 3
G. Sirri®°, A. Spurio Mancini''3, L. Stanco’?, J.-L. Starck!®, J. Steinwagner32, C. Surace’!, P. Tallada—Crespi24’ 34
A.N. Taylor7, L. Tereno® 114 N. Tessore®’, S. Toft'1>- 116, R. Toledo-Moreo!!’, E. Torradeflot>*2*, E. A. Valentijn”g,
L. Valenziano®> 77, J. Valiviita®-?2, T. Vassallo®: 78, A. Veropalumbozg’ 17,18 'y, Walng1 19 7. Weller80-32,

A. Zacchei®> 26, G. Zamorani®, F. M. Zerbi?’, E. Zucca’>, M. Ballardini*®-#!-3°>, M. Bolzonella®>, A. Boucaud®’,
E. Bozzo’°, C. Buriganam’ 77T R. Cabanac®, M. Calabrese!?!:?, A. Cappilzz’ 35 J. A. Escartin Vig032, L. Gabarra?,
J. Garcia-Bellido!?®, W. G. Hartley’’, R. Maoli!** 13, J. Martin-Fleitas'>>, M. Maturi*® 1?6, N. Mauri®”-3¢,

R. B. Metcalf*?35, M. Pontinen’!, I. Risso?®-!7, V. Scottez!!-127 M. Sereno®>-3¢, M. Tenti*®, M. Vie]20:25-28.27.128
M. Wiesmann®!, Y. Akrami!?* 2% S. Alvi*’, I. T. Andika!3% 131 S. Anselmi’?- 119132 M. Archidiacono®>-%°,

F. Atrio-Barandela!?3, E. Aubourg99’ 134 1, Bazzanini**-3>, M. Bethermin'?>, A. Blanchard®, S. Borgani136’ 26,25,27,128
M. L. Brown>, S. Bruton'¥7, A. Calabro'?, F. Caro'3, C. S. Carvalho''4, T. Castro®>27-26.128 'F. Cogato*> 3,

S. Conseil®?, O. Cucciati®, G. Desprez''®, A. Diaz-Sanchez!3®, J. M. Diego**, M. Y. Elkhashab?>27-13%-26 'Y, Fang®0,
A. G. Ferrari*®, P. G. Ferreira®, A. Finoguenov®', A. Franco'?® 140-141 'K Ganga”, T. Gasparetto'?, V. Gautard'*?,
R. Gavazzi’"¥, E. Gaztanaga®!-?%: 143 F. Giacomini’®, F. Gianotti**, G. Gozaliasl'**°!, A. Gruppuso>3°,

M. Guidi*"¥, C. M. Gutierrez'*, H. Hildebrandt'*®, J. Hjorth'?>, J. J. E. Kajava'4’- 143 Y. Kang’?, V. Kansal'4% 150,
D. Karagiannis“o’ 31 K Kiiveri®, J. Kim?, C. C. Kirkpatrickgo, S. Kruk®!, M. Lattanzi*!, V. Le Brun’!, F. Leporilsz,
G. Leroy>*?8, J. Lesgourgues', L. Leuzzi®, T. I. Liaudat'3*, J. Macias-Perez!>*, M. Magliocchetti’>, F. Mannucci',
C.J. A. P. Martins">% %7 L. Maurin’?, M. Migliaccio'>®1%?, M. Miluzio®'-'°°, P. Monaco!3¢-2%-27-26 ' A Montoro?!2°,
G. Morgante®, S. Nadathur'43, K. Naidoo'#>%°, A. Navarro-Alsina’’, S. Nesseris'??, L. Pagano*>*!, D. Paoletti*> "7,
F. Passalacqua''%73, K. Paterson®’, R. Paviot!?, A. Pisani’*, D. Potter'>?, S. Quai*>3>, M. Radovich’’, W. Roster’?,
S. Sacquegna'®', M. Sahlén'®?, D. B. Sanders™®, E. Sarpa?® 12827 J. Schaye’, A. Schneider'>?, L. C. Smith!%3,

Article number, page 1 of 23

Article published by EDP_Sciencey, to be cited as PfipS:77dor.ora/10. [05170004-636 17202557704



http://publications.edpsciences.org/
https://doi.org/10.1051/0004-6361/202557700

A&A proofs: manuscript no. output

J. G. Sorce'® 72, J. Stadel'>?, C. Tao’*, G. Testera'’, R. Teyssier'®, S. Tosi!®'7-2%| A. Troja!!®73, M. Tucci’”,
A. Venhola!®®, D. Vergani35, F. Vernizzi'®’, G. Verza!%:1%9 s, Vinciguerra”, and N. A. Walton'6?

(Affiliations can be found after the references)

May 6, 2026

ABSTRACT

Extracting cosmological information from the Euclid galaxy survey will require modelling numerous systematic effects during the inference
process. This implies varying a large number of nuisance parameters, which have to be marginalised over before reporting the constraints on
the cosmological parameters. This is a delicate process, especially with such a large parameter space, which could result in biased cosmological
results. In this work, we study the impact of different choices for modelling systematic effects and prior distribution of nuisance parameters for the
final Euclid Data Release, focusing on the 3x2pt analysis for photometric probes and the galaxy power spectrum multipoles for the spectroscopic
probes. We explore the effect of intrinsic alignments, linear galaxy bias, magnification bias, multiplicative cosmic shear bias, and shifts in the
redshift distribution for the photometric probes, as well as the purity of the spectroscopic sample. We find that intrinsic alignment modelling has
the most severe impact with a bias up to 6 o on the Hubble constant H if neglected, followed by mis-modelling of the redshift evolution of galaxy
bias, yielding up to 1.5 o on the parameter Ss = o3 V€2,,/0.3. Choosing a too optimistic prior for multiplicative bias can also result in biases of the
order of 0.7 o on S'g. We also find that the precision on the estimate of the purity of the spectroscopic sample will be an important driver for the
constraining power of the galaxy clustering full-shape analysis. These results will help prioritise efforts to improve the modelling and calibration

of systematic effects in Euclid.

Key words. galaxy clustering—weak lensing—Euclid survey— systematic effects

1. Introduction

Large-scale galaxy surveys are now providing us with very com-
petitive constraints on cosmological models. Observational pro-
grammes such as the spectroscopic redshift surveys Sloan Dig-
ital Sky Survey (SDSS, Alam et al. 2015) and the Dark Energy
Spectroscopic Instrument (DESI, Novell-Masot et al. 2025), and
the photometric surveys Dark Energy Survey (DES, DES Col-
laboration: Abbott et al. 2025), Kilo Degree Survey (KiDS,
Wright et al. 2025), and Hyper Supreme Cam (HSC, Dalal
et al. 2023), have significantly improved our understanding of
the large-scale structure of the Universe. Experiments that have
recently commenced data collection, such as the Euclid space
telescope (Euclid Collaboration: Mellier et al. 2025) and the
Vera C. Rubin Observatorys Legacy Survey of Space and Time
(LSST, LSST Science Collaboration: Abell et al. 2009; LSST
Dark Energy Science Collaboration: Mandelbaum et al. 2018;
Ivezi¢ et al. 2019) are expected to push these constraints even
further. The Euclid mission stands out as a particularly power-
ful probe of fundamental physics by combining photometric and
spectroscopic probes to provide extremely tight constraints on
the time evolution of dark energy and deviations from general
relativity at large scales.

It has become increasingly clear that one of the primary chal-
lenges in the cosmological analysis of such probes is the size
of the parameter space to be explored. Although the concor-
dance ACDM model only relies on six cosmological parame-
ters, exploring extensions to this model requires larger parame-
ter spaces, often with some of the extra parameters being poorly
constrained (see e.g., Ivanov et al. 2020; Garcia-Quintero et al.
2020). Moreover, each observable is affected by a different set
of systematic effects that need to be taken into account. Instru-
mental calibration, photometric redshift uncertainties, as well as
modelling uncertainties in galaxy clustering and weak lensing all
introduce biases that must be carefully mitigated to extract un-
biased cosmological information (Euclid Collaboration: Paykari
et al. 2020; Cragg et al. 2022; Euclid Collaboration: Lepori et al.
2022; Euclid Collaboration: Tanidis et al. 2024; LSST Dark En-
ergy Science Collaboration: Awan et al. 2025).
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Previous analyses have devoted significant effort to identify-
ing many systematic effects that are present in large-scale galaxy
surveys and understanding how to mitigate their impact (Liu
et al. 2016; Berlfein et al. 2024). In many cases, this is done
by modelling the systematic effect with a parametric model and
treating its parameters as nuisance parameters, which will be
marginalised before presenting the constraints on the cosmolog-
ical parameters (Myles et al. 2021). The main problem of allow-
ing these nuisance parameters to vary and absorb the residual
systematic effects is that part of the constraining power will be
devoted to constraining these parameters, which generally do not
contain relevant cosmological information.

One option to compensate for the loss of constraining power
is to add informative priors on the nuisance parameters. This is
only possible when the choice of the prior can be motivated by
our previous knowledge of the performance of the instrument or
the physics that generates the systematic uncertainty (see again
Myles et al. 2021). In fact, using ill-motivated priors that might
be too tight or incorrectly located might end up biasing the main
cosmological parameter constraints and result in false detections
of physics beyond the standard cosmological model (Sun et al.
2009).

Because of all this, it is very important to understand at
which level systematic effects can impact the cosmological re-
sults and how sensitive our baseline results are to different
choices of modelling and priors on the systematic uncertainties.
In this article, we explicitly address this point by answering the
following questions.

1. Whether we can fix some of the nuisance parameters to re-
duce the size of the parameter space without incurring biases
on the cosmological parameters.

2. Whether our modelling of systematics is too complex, result-
ing in poorly constrained nuisance parameters.

3. Whether our modelling of systematics is too simplistic or
incorrect, resulting in biases on the cosmological parameters.

4. Whether our prior is too conservative, resulting in loss of
constraining power.

5. Whether our prior is too optimistic, resulting in biases on the
cosmological parameters.
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The answers to these questions will guide us in how to define
an optimal analysis set-up that maximises the cosmological in-
formation while ensuring unbiased constraints from Euclid data.
We based our work on the survey specifications for the final Eu-
clid Data Release and used CLOE, the official Euclid likelihood
code, which is presented in Euclid Collaboration: Cardone et al.
(2025), Euclid Collaboration: Joudaki et al. (2026), Euclid Col-
laboration: Canas-Herrera et al. (2025), and Euclid Collabora-
tion: Martinelli et al. (2025).

The paper is organised as follows. In Sect. 2, we present
the main systematic effects that are present in Euclid photo-
metric observables. The systematic effects that are important for
the spectroscopic observables are described in Sect. 3. We then
present the list of priors and baselines considered in this anal-
ysis in Sect. 4 and the main results of our analysis in Sect. 5.
Finally, we summarise our findings and present our conclusions
in Sect. 6.

2. Photometric observables and their systematic
effects

The imaging survey of Euclid will provide the 2D positions,
photometric redshifts and shapes of almost 1.5 billion galaxies.
Based on these measurements, we will be able to construct the
3x2pt summary statistics of the so-called photometric galaxy
clustering (GCph), the weak lensing (WL), and the galaxy-
galaxy lensing (XC) observable, which is the cross-correlation
between galaxy clustering and weak lensing. We will only re-
port here the relevant definitions and refer the reader to Euclid
Collaboration: Cardone et al. (2025) for the full description of
the observables and their theoretical modelling.

In this study, we focus on the angular power spectra, which
we denote as Cf}B (€) at the angular multipole, £, for observable,
A, in redshift bin i and observable B in redshift bin j. These can
be expressed as integrals of the 3D power spectra, Pf‘tg’w(k, 2), at
wavevector k and redshift z as

e ¢ WAL, 2) WE(L, 2) £+1/2
CAB(p) = f T pioe ,
O “THO 2o M | ran”

where WI.A (¢,z) is the ¢- and z-dependent kernel, H(z) is the
Hubble function, fx[r(z)] is the comoving distance for a curva-
ture value K, and zp,x the maximum redshift of the survey. We
used the Limber approximation (Kaiser 1992), which is valid for
¢ > 1 and accurate in the case of broad redshift bins (as are the
photometric estimates). Under this limit, we relate the wavevec-
tor, k, to the multipole, ¢, as

_l+1)2
T fxlr@1

In this work, we used the HMcode (Mead et al. 2021) non-linear
emulator described in Euclid Collaboration: Carrilho et al. in
prep. for the 3D power spectra, Pg‘g’to(k, 2).
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2.1. Weak lensing

It is well known that the intervening matter deflects the paths of
photons emitted by distant sources, resulting in the distortion of
their images. This distortion can be decomposed into the spin-0
convergence field, «, and the spin-2 shear field, y. These describe
the size magnification (circles) and the distortion of the galaxy
shape (ellipses) in different directions, respectively. Both contain
useful cosmological information, but the convergence is harder

to model due to the necessity of prior knowledge about the true
size of the source (Heavens et al. 2013; Alsing et al. 2015) and
is also more prone to bias (Hoekstra et al. 2017). Therefore, the
common WL observable in large-scale-structure surveys is cos-
mic shear.

The correlation of galaxy shapes across different scales thus
carries information about the distribution of matter along the line
of sight. However, cosmological information is contaminated
by the intrinsic correlation of shapes due to local interactions
between source galaxies, an effect called intrinsic alignments
(hereafter IA, Joachimi et al. 2015). The WL power spectra will
then be a combination of shear and IA correlations, which can
be expressed as

o =Cll +cliy + o, 3)

where C;’f(f) is the shear power spectrum, C;’;(f) is the cross-

power spectrum between shear and IA, and C 5(5 ) is the IA power
spectrum.

The weak lensing observables are also subject to biases due
to instrumental effects (Cropper et al. 2013) and systematic er-
rors due to mis-determination of the redshift distribution of the
sources and lenses (Euclid Collaboration: Desprez et al. 2020;
Naidoo et al. 2023). These effects are expected to be kept under
control thanks to the data calibration process, and therefore it is
considered safe to use Gaussian priors for the nuisance parame-
ters related to them (Cropper et al. 2016; Euclid Collaboration:
Martinet et al. 2019; Euclid Collaboration: Schirmer et al. 2022;
Jansen et al. 2024; Euclid Collaboration: Cropper et al. 2025;
Euclid Collaboration: Congedo et al. 2024; Euclid Collabora-
tion: McCracken et al. 2025).

2.1.1. Intrinsic alignments

The IA of galaxy shapes, as we introduced in Sect. 2.1, is caused
by tidal gravitational fields in large-scale structures that align
nearby galaxies, as well as events such as galaxy mergers, which
influence the relative alignments of both shapes and angular mo-
menta throughout their evolution. To model this signal, we com-
puted Cg.(é’) and Ciyjl(f) as in Egs. (33-35) of Euclid Collabora-
tion: Cardone et al. (2025). These involve the Py; and Py, power
spectra respectively, which we relate to the matter power spec-
trum, Pym, as

Pu(k,2) = [ir@1* Pam(k.2) , 4)
Pim(k,2) = fIA(Z) Pom(k, 2) . 5)
The IA prefactor is defined as

-Qm,O 1+ z ma
Sia(z) = —Ara Craperito Do) ( " ZO) (6)

with Qy, o the matter fraction today, D (z) the linear growth fac-
tor, and zy the pivot redshift (arbitrarily set to zero here). This
is called the redshift-dependent non-linear alignment (zNLA)
model (Joachimi et al. 2011). The nuisance parameters of the
model are the dimensionless amplitude Ajp and redshift ex-
ponent na. We fix the conventional normalisation constant to
Cia = 5 x 107 h2M;'"Mpc?, which enters through the di-
mensionless combination Ciaperit 0. Since Cia is fully degenerate
with Ay, it is kept fixed following Euclid Collaboration: Mel-
lier et al. (2025). While there are more sophisticated IA models
in the literature (e.g. TATT, Blazek et al. 2015), as we show in
the following, we can already see significant effects due to mis-
modelling even within this simpler model.
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2.1.2. Shear bias

Additional contamination of the shear field can come from in-
strumental effects such as point spread function (PSF) modelling
errors, selection effects, blending, or measurement errors of the
galaxy shape (Huterer et al. 2006; Massey et al. 2013; Mandel-
baum 2018). These contributions can be multiplicative or addi-
tive to the shear signal (Massey et al. 2013). For example, PSF
size modelling errors and pixel noise cause a multiplicative ef-
fect (Melchior & Viola 2012; Refregier et al. 2012; Bernstein
2010), while the anisotropy of the modelled PSF, induced by
elliptical PSFs or unaccounted for charge transfer inefficiencies,
can cause an additive effect. The former can be determined using
image simulations (Hoekstra et al. 2017; Kannawadi et al. 2019;
Pujol et al. 2020) and the latter can be inferred from the data it-
self using empirical null tests (van Uitert & Schneider 2016; Li
et al. 2023). Furthermore, both of these effects can be redshift-
or scale-dependent. For instance, colour-dependent PSF errors
related to an incorrect modelling of the spectral energy distribu-
tions (SEDs) of galaxies induce redshift-dependent shear biases
(Semboloni et al. 2013; Eriksen & Hoekstra 2018; Schutt et al.
2025), and the thermal variations due to the solar aspect angle of
the spacecraft as it observes in orbit induce spatially varying con-
tributions (Cragg et al. 2022). Once determined, the shear biases
are subtracted from the data. However, we expect some residuals
to remain, especially from the redshift-dependent multiplicative
bias. Accounting for these residuals amounts to transforming the
WL power spectra with a multiplicative factor that depends on
the parameter m; for each redshift bin, 7, as
O — L+ m) (1 +m)Cl(0). (7
Although in principle multiplicative bias can be scale dependent,
Kitching et al. (2019) showed that it is sufficient to consider a
mean factor, m, provided that the spatial variations are small.

2.1.3. Redshift shifts in WL

In order to account for biases in the calibration of the photomet-
ric redshift distribution, we allowed for a shift, Az;, in the mean
of the redshift distribution of the sources, nis(z), in each bin, i,
following Abbott et al. (2016), such that
n @) — n (z—4z) . ®)
The reference values of the 4, parameters were derived from the

Flagship 2.1 simulation (Euclid Collaboration: Castander et al.
2025).

2.2. Photometric galaxy clustering

We measured photometric galaxy clustering (GCph) by correlat-
ing the 2D positions of galaxies on the sky in tomographic red-
shift bins and measuring their angular power spectrum C ().
This receives contributions from the clustering of galaxies within
the sample and from galaxies that scatter in and out of the sam-
ple due to lensing magnification, which modify both their size
and luminosity. Therefore, the galaxy clustering angular power
spectra take the form

CooO) = CEO) + C(0) + CH(D) )
where the first term is the galaxy-galaxy, the second
the magnification-magnification, and the third the galaxy-
magnification contribution.
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2.2.1. Galaxy bias

Galaxies are biased tracers of the matter density field (Kaiser
1987). The bias can in principle be a function of both redshift and
scale, but in this work we consider a linear scale-independent
bias (Abbott et al. 2018). The galaxy-galaxy power spectrum
then reads

£+1/2 +1/2 ]
flr@l © flr@1 |

where b(z) the redshift-dependent galaxy bias. To model the red-
shift dependence, we measured the linear bias in each of the pho-
tometric redshift bins in the Flagship 2.1 simulation (Euclid Col-
laboration: Castander et al. 2025). We then fitted a polynomial
function,

photo
gg

(10)

} = b*(2) Ph®

3
b@) = > beni (11)
i=0

and used the by ; parameters to build our reference data vector.
In the following, we also explore the case in which the bias is
modelled as a constant within each tomographic redshift bin, i,
where the reference values are those obtained from the Flagship
2.1 simulation (Euclid Collaboration: Castander et al. 2025).

2.2.2. Linear redshift-space distortion (RSD)

The linear RSD signal results in the squashing of the galaxy
power spectrum at large scales in the direction perpendicular to
the line of sight due to the coherent motion of galaxies towards
large and highly dense regions (Kaiser 1987). In harmonic space
and in the Limber approximation, it takes the form described by
the Eqs. (45-47) of Euclid Collaboration: Cardone et al. (2025).
We note that in this formalism we did not introduce extra param-
eters to marginalise over, but rather a fixed correcting term per
redshift bin to add in the kernel for galaxy clustering. The phys-
ical meaning of these terms is that, effectively, at large scales,
galaxies are shuffled among neighbouring redshift bins (Tanidis
& Camera 2019). Since the significance of the linear RSD in the
photometric observables for Euclid to avoid biases (up to ~ 50)
on the cosmological parameters has been studied thoroughly in
Euclid Collaboration: Tanidis et al. (2024), we did not test their
impact here. However, we always included them in the compu-
tation of the data and the theory vectors.

2.2.3. Magnification bias

The second and third terms of Eq. (9) are shown in Eqs. (42) and
(43) of Euclid Collaboration: Cardone et al. (2025). The mag-
nification kernel Wfl (2) includes the function by,e(z), which is
the magnification bias (Schmidt et al. 2009a,b). This is a lens-
ing contribution in the galaxy clustering of the lenses sample
related to the size magnification of the galaxies. It is defined as
bmag(z) = 5 5(2) — 2, where s(z) is the logarithmic slope of the
luminosity function for the lenses (Scranton et al. 2005; Ménard
et al. 2010; Hildebrandt et al. 2009). The magnification effect is
two-fold. On the one hand, it means that the distribution of the
objects in the images is over larger angles, reducing their number
density; on the other hand, the same effect allows for the observa-
tion of fainter objects. The impact of ignoring the magnification
bias in galaxy surveys has been shown in Duncan et al. (2013)
and Tanidis et al. (2019). The effect of neglecting it in the Euclid
photometric observables has been studied in Euclid Collabora-
tion: Lepori et al. (2022), where they measured biases of up to
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~ 60 on the cosmological parameters. Similarly to the galaxy
bias, we considered two models for the magnification bias. The
first was to account for the magnification bias with one param-
eter per tomographic redshift bin (evaluated at the centre of the
bin), and the second was a polynomial function of redshift,

3
bmag(z) = Z bmag,i z, (12)
i=0
which is expected to be a good approximation given that the red-
shift evolution of the magnification bias is smooth. We defined
our reference values for the magnification bias parameters us-
ing the measurements from the Flagship 2.1 simulation (Euclid
Collaboration: Castander et al. 2025).

2.2.4. Redshift shifts in GC

As we did for the source sample, we also accounted for biases in
the photometric redshift distribution of the lens sample nf.“(z) as

ny (@) =np (z-4z) . (13)
The reference values of the 4, parameters were derived from the

Flagship 2.1 simulation (Euclid Collaboration: Castander et al.
2025).

2.3. Galaxy-galaxy lensing

It has been shown (e.g. Joudaki & Kaplinghat 2012; Tutusaus
et al. 2020) that the cross-correlation spectra between the
weak lensing and the galaxy clustering observables (also called
galaxy-galaxy lensing) significantly improve the constraining
power on the cosmological parameters. Therefore, we also in-
cluded them in this analysis and defined them as

CHO) = CE O + CEO) + CT () + CL(0) (14)

with the individual terms described in Eqs. (55-57) of Euclid
Collaboration: Cardone et al. (2025). The terms on the right-
hand side of Eq. (14) represent the cross-correlation between
galaxy positions and cosmic shear, galaxy positions and intrinsic
alignment, magnification and cosmic shear, and magnification
and intrinsic alignment, respectively. These terms do not intro-
duce any additional systematic effects.

3. Spectroscopic observables and their systematic
effects

The spectroscopic survey of Euclid will target emission-line
galaxies and measure their redshift using the Ha emission line
for around 30 million galaxies, making it possible to map their
3D distribution (Euclid Collaboration: Mellier et al. 2025). The
main cosmological probe will be the anisotropic galaxy power
spectrum expanded in Legendre multipoles P(k; z), as defined in
Eq. (90) of Euclid Collaboration: Cardone et al. (2025). We used
the non-linear model described in Euclid Collaboration: Crocce
et al. in prep., which is based on the Effective-Field Theory of
Large-Scale Structure (EFTofLSS, see e.g. Euclid Collaboration:
Moretti et al. in prep. and references therein). This model comes
with a series of nuisance parameters that are known to cause is-
sues such as prior-volume and projection effects (Simon et al.
2023; Carrilho et al. 2023; Maus et al. 2023; Donald-McCann
et al. 2023; Zhao et al. 2024; Holm et al. 2023; Morawetz et al.
2025). The strategy to mitigate such effects has been investigated
in Euclid Collaboration: Pezzotta et al. in prep. and is therefore
beyond the scope of this work.

3.1. Redshift errors

The uncertainty in the spectroscopic redshift estimation causes
a smearing of the distribution of galaxies along the line of sight,
which must be taken into account in the model. This is done by
multiplying the model for the power spectrum by a factor of

Fk, iy z) = e F 17O (15)

where yy is the cosine of the angle between k and the line of
sight, and o,(2) is the error in the estimation of the comoving
distance, which is related to the redshift error, o, through

co,
H(z)

In this work, we fixed o, = 0.002, which is a conservative esti-
mate of the expected precision of the spectroscopic redshift esti-
mation (Euclid Collaboration: Grannet et al. in prep.).

o(z) = (16)

3.2. Purity and completeness

The sample of Ha galaxies can be contaminated by galaxies
whose redshift is misestimated due to line misidentification (line
interlopers) or random redshift errors (noise interlopers). These
galaxies will impact the clustering signal in distinct ways: line
interlopers will have their own clustering signal that will be
mixed up with the clustering of Ha galaxies, while noise inter-
lopers will lead to a fraction of galaxies in the sample being ran-
dom outliers that do not cluster. Both of these effects result in a
damping of the clustering signal, with an additional determinis-
tic scale-dependence in the case of line interlopers alone.

The number density of measured objects can thus be related
to the correct one as

1_finc
1 _fout ’

where finc = 1 — feomp s the fraction of undetected Her galaxies,
Jeomp is the fraction of correctly identified Ha galaxies with re-
spect to the total Ha population (completeness), four = 1 — four
is the fraction of outliers, and f,y, is the fraction of actual Ha
galaxies in the sample (purity).

In this work, we only modelled the effect of noise interlop-
ers on the galaxy power spectrum and left the modelling of line
interlopers to future work. Preliminary works, such as Euclid
Collaboration: Risso et al. (2026) and Euclid Collaboration: Lee
et al. in prep., showed that ignoring the effect of line interlopers
does not bias the cosmological parameter constraints, so we do
not expect this choice to have a significant impact on the results
presented here. The measured galaxy power spectrum multipoles
will then become

Pf,meas(k;z) =- fout)2 Pt’,corr(k;z) .

We considered f,: as a nuisance parameter and modelled it as a
constant within each redshift bin. Our reference values are moti-
vated by end-to-end simulations that include interlopers (Euclid
Collaboration: Grannet et al. in prep.), and match the ones used
in Euclid Collaboration: Mellier et al. (2025) and Euclid Collab-
oration: Canas-Herrera et al. (2025).

Nimeas(2) = Neorr(2) an

(18)

4. Method

The aim of this work is to quantify the impact of different mod-
elling and prior choices on the best-fit values and parameter er-
rors, with a focus on cosmological parameters. We started by
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defining a synthetic data vector and a set of modelling choices,
which were then used to compute the likelihood with CLOE.
Given a choice for the prior on the parameters, we then sam-
pled the posterior distribution using the Nautilus nested sam-
pling algorithm (Lange 2023). Following the same approach as
Euclid Collaboration: Cafas-Herrera et al. (2025), we generated
noiseless synthetic data vectors with CLOE itself, ensuring that
any parameter shifts or changes in the constraining power that
we observe in our results only arise from the analysis choices
that we are testing. For all the tests performed here, we only
change the data or the theory vectors and use the data covariance
of the baseline set-up. A detailed description of the computa-
tion of covariances can be found in Section 5 of Euclid Collab-
oration: Cafias-Herrera et al. (2025). Since these are analytical
covariances, we assume that the likelihood is Gaussian.

Our baseline set-up is the same as the one described in Eu-
clid Collaboration: Cafias-Herrera et al. (2025), which forecasts
the expected performance and sample sizes of the final Euclid
Data Release, with the only exception that in our work we do
not assume a Big Bang Nucleosynthesis Gaussian prior on the
baryon density parameter Q4% (Cooke et al. 2018; Schoneberg
et al. 2022; Schoneberg 2024). For the photometric observ-
ables, we assume a magnitude-limited sample of galaxies with
I, < 245 distributed in 13 equi-populated photometric redshift
bins between redshift 0.2 and 2.5 (Euclid Collaboration: Mel-
lier et al. 2025). The number density of galaxies was derived
using the Flagship 2.1 simulation (Euclid Collaboration: Cas-
tander et al. 2025). In our analysis, we consider the high scale
cut scenario, where €pin(WL) = €in(XC) = €nin(GCph) = 10
and imax(WL) = 5000, while £, (GCph) = £, (XC) = 3000.
For the spectroscopic observables, we consider a flux-limited
sample of Ho galaxies with fi, > 2 x 107'¢ ergem 257!
in four redshift bins between redshifts 0.9 and 1.8, centred at
Z € {1.0,1.2,1.4,1.65}. In this work we analyse the photomet-
ric and spectroscopic observables separately. Depending on the
analysis choices, the size of the parameter space varies between
16 and 51 dimensions.

In Table 1, we list the reference values and priors of the nui-
sance parameters that we study in this work, in the baseline set-
up. On top of these parameters, we also marginalise over the
baryonic feedback efficiency parameter of the HMcode emulator
log,o(Tagn/K), which is centred at 7.75 with a Gaussian width
of 0.17825. We do not show the impact of modifying this param-
eter or its degeneracy with the rest of the nuisance parameters, as
this has already been investigated in Euclid Collaboration: Car-
rilho et al. in prep.

When assessing the shifts in a parameter 8 with respect to the
baseline model, we computed the following quantity:

Opase — 0
Aoy = M , (19)
Gg,base + 0'(%

where Gy, and @ are the mean values of the parameter poste-
rior in the baseline model and in the model we want to examine,
while 0ppae and oy are their corresponding 1 o~ uncertainties.
Equation (19) is equivalent to the figure of bias under the as-
sumption that the posteriors are Gaussian and uncorrelated. We
notice that this is a conservative choice, since choosing a met-
ric that takes the correlations into consideration would lead to
larger values for the parameter shifts. In addition, we report a
fit-quality diagnostic, Ay defined as the difference between the
reduced effective fit statistic of the tested and the baseline mod-
els, evaluated at the maximum posterior point of each sample
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Table 1. Reference values and priors on the nuisance parameters we are
testing.

Name Value Prior type Prior width or range
Intrinsic alignment parameters
Ara 0.16 Uniform [-2,2]
M 1.66 Uniform [0, 3]
Photometric galaxy bias parameters
beph0 1.33291 Uniform [-3,3]
bgph,1 -0.72414 Uniform [-3,3]
baph2 1.01830 Uniform [-3,3]
bgph 3 —0.14913 Uniform [-3,3]
Photometric magnification bias parameters
Dmag0 —1.50685  Uniform [-3,3]
bmag,1 1.35034 Uniform [-3,3]
biag2 0.08321 Uniform [-3,3]
bmag3 0.04279 Uniform [-3,3]
Photometric redshift shift parameters
Az —0.025749  Gaussian 0.00257890
Az 0.022716  Gaussian 0.00275258
Az3 —0.026032  Gaussian 0.00287484
Azy 0.012594 Gaussian 0.00307264
Azs 0.019285 Gaussian 0.00323726
Azg 0.008326 Gaussian 0.00341852
Az7 0.038207 Gaussian 0.00360394
Azg 0.002732 Gaussian 0.00371824
Az9 0.034066 Gaussian 0.00395192
Az10 0.049479  Gaussian 0.00418664
Az1, 0.066490 Gaussian 0.00449286
Az1p 0.000815 Gaussian 0.00497880
Az13 0.049070  Gaussian 0.00584318
Multiplicative bias parameters
Mie(1,13} 0 Gaussian 0.002
Outlier fraction parameters
Jout1 0.195 Gaussian 0.01
Sout2 0.204 Gaussian 0.01
Jout3 0.306 Gaussian 0.01
Jouts 0.121 Gaussian 0.01

Notes. When the prior is uniform, we specify the range; when Gaussian,
we specify the width.

(Krause et al. 2021; Campos et al. 2023). This metric is intended
to quantify the relative degradation in goodness-of-fit between
the data vector and the model under study. Since our chains store
a posterior rather than an explicit likelihood y?, we used this
quantity as a descriptive diagnostic and did not assign it a formal
probability-to-exceed threshold.

We also examine cases in which we kept the data vectors un-
changed and only tested the impact of changing the prior width
of some parameters. This was quantified in terms of constrain-
ing power, which was simply computed as the percent difference
between the parameter errors with the baseline prior width and
with the different width that we were testing.
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5. Results

In this section we present the results of our analysis in terms of
constraints on the cosmological parameters. Figures only show
parameter contours that display significant changes with respect
to the baseline set-up (always in black). Relevant subsets of nui-
sance parameter constraints are shown in Appendix A.

The common practice to test for robustness of the analysis
pipeline is to check that bias due to different choices in the mod-
elling stays within a certain fraction of the statistical uncertainty.
In the following, we report all cases in which 40y > 0.1, i.e.
more than 10% of the statistical uncertainty.

A summary of the shift in the best-fit parameters and change
in the constraining power is given in Tables 2 and 3, respectively.
All the files containing the samples for each case are available on
Zenodo.

Table 2. Parameter shifts under various data and model assumptions.

Intrinsic alignment
Hy Ax;

6.54 4.66 548 5.69 4.82 2.72 4.63
0.27 041 1.35 0.26 0.06 2.29 0.79

Qm ng gy SS

d: no IA, m: zZNLA
d: zZNLA, m: no IA

b (2x2pt) 0.14 0.32 0.68 0.38 0.66 2.11 1.09
L (WL) 0.61 2.04 4.23 1.08 4.49 1.00 0.08
Galaxy bias

Qm ng gy S 8 AX\Z/
d: polynomial, m: const. per-bin  0.25 0.42 1.28 1.53 0.01
d: polynomial, m: interp. per-bin 029 0.11 0.56 0.30 5.4 x107™*

Multiplicative bias

Qm ng gy S 8 AX\Z/
d: m; = 0.002, p: G(0,0.002) 0.37 0.23 0.09 0.72 1.6x107°
d: m; = 0.002, p: G(0,0.004) 0.35 0.24 0.08 0.63 —-1.0x 107
d: m; = 0.002, m: no m-bias 0.37 024 0.10 0.78 -3.9x10™*

Notes. The values in this table are the parameter shifts 4oy defined
in Eq. (19) for the models we test compared to the baseline model.
For each case, we specify the data (d), the model (m), or the prior (p),
where G(m, o) indicates a Gaussian centred in m with width o-. The last
column reports the relative fit-quality diagnostic Ay? of the test model
compared to the baseline model, evaluated at the maximum posterior
point of each sample. Ay? values close to zero indicate very similar fit
quality, while negative values indicate that the tested setup provides a
marginally better fit than the baseline according to this diagnostic. We
note that we report changes only on the cosmological parameters which
are of interest for each model. Unless otherwise stated in parentheses, it
is always a 3x2pt analysis.

5.1. Intrinsic alignment

The amplitude of intrinsic alignment Ay, is consistent with O for
all Stage IIT weak lensing surveys (Secco et al. 2022; Dalal et al.
2023; Wright et al. 2025). While it is possible that the signal is
very small (Fortuna et al. 2021) and that with the reduced statis-
tical errors from Stage IV surveys we will be able to measure it,
two scenarios are possible:

1. if the signal is still small compared to the statistical error
and we try to model it with a model that is too complex, we
could be impacted by prior volume effects and risk biasing
the cosmological parameters;

Table 3. Percentage change in the constraining power of the cosmolog-
ical parameters for different prior choices.

Redshift shifts
.Qm gy Sg
Az =2x 10721 + ) -7.32% -981% -0.53%
Correlated 4z = 0.0036 —0.09% -0.05% +0.26%
Fixed to reference +11.69% +17.38% +3.97%
Purity
In(10'04,) Q.2
Prior width: 5% -48.52% —-6.68%
Prior width: 10% -70.23% -13.87%

Notes. Each value in this table is the percentage difference (+ denotes
increase and — decrease) between the model parameter we test against
the baseline model. Baselines: prior width 4z = 2 x 1073(1 + ;) for the
redshift shifts, and 1% prior for the purity parameters.

2. if the signal has a complex dependency on redshift and other
galaxy properties and we try to model it with a simplistic
model, due to the large amount of parameters that we are
varying this mis-modelling could be re-absorbed by other pa-
rameters.

To address the first case, we analysed a data vector with zero
intrinsic alignment signal using the baseline zZNLA model. As
can be seen in Fig. 1, all of the cosmological parameters show
important shifts from the baseline, ranging from 2.72 o for Sg
to 6.54 o for Hy (see Table 2). In Fig. A.1, we show the con-
straints on the IA parameters and the redshift shifts: as expected,
the amplitude Ajp gets close to 0 and the power-law index 75
becomes unconstrained, resulting in important shifts on the Az
parameters, confirming previous findings in this direction (Fis-
chbacher et al. 2023). Such large shifts can be attributed to prior-
volume effects caused by this nested zZNLA parameter structure.
We show the maximum a posteriori (MAP) value in Fig. 1 and
Fig. A.1 as crosses and dotted lines in the 2D and 1D projected
posteriors, respectively. Although in this case the MAP is only
marginally different from the projected posterior, we cannot con-
clude that the prior volume effects are not the root cause of the
shifts that we observe. In fact, MAP values might still be affected
by prior choices (Gémez-Valent 2022; Holm et al. 2023; Herold
et al. 2025). We also report a large Ay> of 4.63 translating the
mis-modelling effect into the goodness-of-fit degradation.

We addressed the impact of IA mis-modelling by fitting the
baseline data vector, which contains a zNLA signal, without
modelling IA at all. The results are shown in Fig. 2 for the cos-
mological parameters and in Fig. A.2 for the nuisance parame-
ters. We can observe a bias greater than 0.3 o in most of the cos-
mological parameters, especially on Qy,, 0g, and S g. We can also
see that the size of the contours shrinks because of the smaller
parameter space. In terms of nuisance parameters, we can again
observe shifts in the Az parameters, albeit smaller than in the
previous case. We also report large Ay? (see again Table 2) indi-
cating mismatch between the data vector and the model.

Samuroff et al. (2024) suggest that IA mis-modelling can be
more prominently identified when analysing 2x2pt and WL sep-
arately, where the latter would be significantly more biased. We
test this in our Euclid-specific set-up by running a case where we
fit the baseline data vector without any IA modelling. We show
the results in Figs. 3 and A.3 for the cosmological and nuisance
parameters, respectively. We can indeed confirm that, also in our
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Fig. 1. Cosmological parameter constraints in the baseline case (black),
and using the zNLA intrinsic alignment model for a data vector with
zero intrinsic alignment signal (blue). The MAP value is shown in the
respective colours for the 2D (crosses) and 1D (dotted lines) projected
posterior panels. Note: the 1D projected posterior for /4 looks scattered
because the samples are hitting the upper boundary of the prior.
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Fig. 2. Cosmological parameter constraints in the baseline case (black),
and analysing a data vector with zZNLA signal with no intrinsic align-
ment model (blue).

case, WL is significantly more impacted by IA mis-modelling. In
fact, we can observe significant biases in the cosmological and
Az parameters, with a maximum of 4.49 o for og. Similarly, we
report large Ay? values confirming the parameter biases.
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Fig. 3. Cosmological parameter constraints in the baseline case (black),
and analysing a data vector with zZNLA signal with no intrinsic align-
ment model using the 3 X 2 pt combination (purple), 2 x 2 pt (blue) and
WL only (red).

In summary, correctly modelling IA is of the utmost impor-
tance in recovering unbiased cosmological parameter constraints
from a 3x2pt analysis. Some hints that special care is needed are
the presence of poorly constrained nuisance parameters and in-
consistencies in the cosmological parameters between the differ-
ent observables. More in-depth tests of IA mis-modelling have
been conducted in Euclid Collaboration: Navarro-Gironés et al.
(2026) in the context of the first Euclid Data Release. Despite
having larger statistical errors, their work also shows that A
mis-modelling can induce significant biases in the cosmological
parameters.

5.2. Photometric galaxy bias

In our baseline set-up, we chose a polynomial functional form to
describe the redshift evolution of the linear galaxy bias for the
photometric sample. While this is a sensible choice, since we
expect galaxy bias to evolve smoothly with redshift, a more con-
servative approach would be to use one galaxy bias parameter
per redshift bin. This implies fitting 13 parameters instead of 4,
significantly increasing the size of the parameter space and the
risk of incurring projection effects.

We tested this by fitting the baseline data vector, generated
with a polynomial galaxy bias function, with a model that has a
constant value of galaxy bias within each redshift bin. The re-
sults are shown in Fig. 4 for cosmological and TA parameters,
Fig. A.4 for galaxy bias parameters, and Fig. A.5 for the redshift
shift parameters. From these figures, we see that using constant
per-bin values (in purple) leads to biases on some of the cos-
mological parameters, with a maximum of 1.53 ¢ for Sg, and
much more important biases on all of the nuisance parameters.
We have tested that this does not arise from projection effects
alone in the optimistic scale cuts employed in this work by re-
peating the analysis with a cut at £;,,x = 1500 for the GCph and



Euclid Collaboration: L. Blot et al.: CLOE. 6. Impact of systematics

—— pol. gal. bias data / pol. gal. bias model
pol. gal. bias data / const. per-bin gal. bias model
pol. gal. bias data / interp. per-bin gal. bias model

1
0.324 ) )
| 1
C}anzo——fd@- H
1
0316 i
1 1
0.820 i i i
T SN I
w0.815--®“‘\‘§:\ -
S N~ ") ;
* L) 1
0.810 ! ! \
1 1 1
0.845 L !
“@f“@"“’/J‘ - /:
0 ! L 1
“2 0.840 = _"/%I/ \Q‘E !
1 + ' !
1 1 1 !
1 1 /
017 7 \
= 016—-@-— 20 b S AEN L A ]
A NG <)/ 2 Y i
= oast &) 1 NS > \*/ |
0.14 1 L ¥ 1 \
1 1 1 1 1
1 1 1 1 1
]]:2 + + ) N 1 [}
< O ] AN 7N Z N h
I~ 170 i _,_\,_ AN AN - N - 1
vor &2 & '/ A\Y I \
1 1
1 1 1 1 1 Y
0.95 0.08 0317 0.323 0810 0818 0839 0844 0.14 0.16 16 18
ng Qn o3 Sg Aia ma

Fig. 4. Constraints on cosmological and A parameters in the baseline
case (black), and analysing the baseline data vector with a constant
per-bin galaxy bias model (purple) or with a linear function of redshift
within each bin (blue).

XC spectra, which also resulted in a 1.17 o bias on Sg. We also
note that in this case the Ay? is low indicating that this metric is
not sufficient to capture the bias.

Let us note here that the baseline values for the polynomial
galaxy bias parameters have been obtained by fitting the values
of galaxy bias at the centre of each redshift bin as measured
in the Flagship 2.1 simulation (Euclid Collaboration: Castander
et al. 2025). In the simulation, galaxy bias is evolving within the
redshift bin, and our measurement is a weighted average over
the redshift range of the bin. Assuming that the bias is constant
within the bin leads to an unphysical step-like redshift evolution,
which can cause most of the differences seen here. We further
checked this by fitting the polynomial bias data with the con-
stant per-bin model, but now throwing away the highest redshift
bin. This is the widest bin within which there is a lot of redshift
evolution that is neglected. We still find a biased constraint (due
to the unaccounted-for redshift evolution in the remaining tomo-
graphic bins) but somewhat alleviated, finding a shift of 0.98 o
for S5. We thus run an additional case where the galaxy bias is
assumed to be a linear function within each redshift bin, which
is shown in blue in Figs. 4 and A.5. We note that this model
significantly reduces the biases in all of the parameters, with a
maximum shift of 0.56 o for 0. These tests show that Euclid
data are rather sensitive to the modelling of the redshift evolution
of galaxy bias, highlighting the need for a physically motivated
modelling of this systematic effect.

5.3. Magnification bias

Similarly to the case of galaxy bias, our baseline set-up also uses
a polynomial function to model the redshift evolution of mag-
nification bias. We tested the impact of using a constant per-bin
model to fit our baseline data vector and, as we can see in Fig. 5,
in this case we do not observe any bias on the cosmological pa-
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Fig. 5. Parameter constraints in the baseline set-up (black) and when
fitting the baseline data vector with a constant per-bin magnification
bias model (blue).

rameters. However, we can appreciate a ~ 0.5 o shift on the 4z
parameter of the highest redshift bin 13. This is not surprising
given the fact that the magnification signal becomes progres-
sively more important at higher redshifts. The contrast of these
results with respect to the galaxy bias case can be understood as
magnification bias is a subdominant effect compared to galaxy
bias, so mis-modelling in the former is less evident than in the
latter.

5.4. Shear multiplicative bias

In the ideal case, multiplicative bias can be calibrated, and the m;
parameters can be fixed to zero. In practice, we expect a residual
multiplicative bias to remain after calibration. Its magnitude can
be estimated and used to set a Gaussian prior on the m; param-
eters. Here, we study the impact of the choice of prior on the
cosmological parameters.

Note that our baseline prior width is 0.002, which is 4 times
larger than the 5x10~* used in Euclid Collaboration: Cafias-
Herrera et al. (2025). However, we have checked that the con-
straints on the cosmological parameters remain indistinguish-
able. This implies that the size of the prior on the m; parameters
has an insignificant impact on the constraining power.

The first case we examine is the impact of centring the prior
at zero when the true value is 1 o away from the centre, where
o here denotes the width of the prior. The results are shown in
Fig. 6. We observe a moderate bias of 0.37 0" and 0.72 0 on Q,,
and S'g, respectively. We then study whether doubling the prior
width can resolve this issue, and find very little change, with a
bias of 0.350 and 0.63 0 on &, and S'g, respectively. This is
almost as bad as not modelling multiplicative bias at all, which
is shown in red in Fig. 6. Again, we report low Ay? values and
thus biases cannot be detected with this metric alone. These re-
sults indicate that care must be taken to ensure that the priors on
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Fig. 6. Cosmological parameter constraints in the baseline case (black),
and analysing a data vector with m; = 0.002 with a prior centred at 0
with width 0.002 (purple), with a prior centred at 0 with width 0.004
(blue), and without modelling multiplicative bias (red).

multiplicative bias are not too narrow compared to the expected
amplitude of the m; parameters.

5.5. Shift in the mean of the redshift distribution

In our baseline set-up, we modelled the error on the estimation
of the redshift distribution by having one nuisance parameter per
redshift bin that shifts the mean of the distribution while leaving
the shape unchanged. The priors on these shift parameters Az;
are redshift-dependent and scale as 2x1073 (1 + z;), where z; is
the centre of the redshift bin (Euclid Collaboration: Mellier et al.
2025).

To check what the impact of the size of the prior on the cos-
mological parameters is, we ran a case in which the width of the
prior is ten times larger. The results are shown in Fig. 7 and Ta-
ble 3. As expected, we observe a loss of constraining power of
7.32% in Qy, and 9.81% in o, but their combination S'g is only
marginally affected, with a difference of less than 1%.

Although it is reasonable to expect that the errors in the pho-
tometric redshift estimation increase at higher redshift, one could
opt for using fully correlated Az priors with a fixed width for
all redshift bins and thus significantly reducing the size of the
parameter space to be explored. As can be seen in Fig. 7, this
leads to an insignificant change in the contours. This can be un-
derstood by looking at Fig. A.6, where we show the size of the
posterior compared to the prior. The 4z parameters are well con-
strained by data, so changes in prior width have minimal impact
on the posterior.

We also studied a case in which we fixed all 4z parameters
to their reference value, resulting in a gain in constraining power
of 11.69% on Qy,, 17.38% on o, and 3.97% on Ss. This repre-
sents the maximum gain that one can achieve by perfectly cal-
ibrating the redshift distributions. This is consistent with what
was recently shown in Wright et al. (2025) using KiDS Legacy
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Fig. 7. Cosmological parameter constraints in the baseline case (black),
and using a 10 times larger prior (purple), a fully correlated prior with
width 0.0036 (blue), and fixing the redshift shifts (red).

data, where improvements in the calibration of the redshift dis-
tributions lead to a 15% gain in constraining power. We refer the
reader to Euclid Collaboration: Bertmann et al. (2026) for a more
detailed study of the impact of redshift distribution uncertainties
in the context of the first Euclid Data Release.

5.6. Purity

The size of the prior on the f,, parameters reflects our confi-
dence in the estimate of the purity of the sample of Ha galaxies.
In our baseline set-up, we assume that we can calibrate the frac-
tion of outliers to within an absolute error of 1%, but this might
not be achievable in practice. Therefore, we test the impact of
having larger priors on the f,,; parameters. Results are shown in
Figs. 8 and A.7. As expected, the most affected parameter is A,
which is degenerate with the purity correction in the data vector.
Having a 5% (10%) prior width on the outlier fraction parame-
ters decreases the constraining power on Ag by 48.52% (70.23%)
and on Q.h? by 6.68% (13.87%). We also observe a loss in con-
straining power on the bias and EFT counter-terms parameters,
as can be seen in Fig. A.7.

6. Conclusions

In this work, we have studied the impact of modelling and prior
choices for the most important systematic effects in the 3x2 pt
and spectroscopic galaxy clustering 2pt analyses using synthetic
data vectors that mimic the final Euclid data release. We have
identified several potentially problematic choices that warrant
further study.

Among the systematic effects studied here, intrinsic align-
ment seems to be the most worrisome. For a signal that is ex-
pected to be small, using complex models with many parameters
can lead to important biases due to prior-volume effects. At the
same time, mis-modelling the signal also has an impact on the
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Fig. 8. Cosmological parameter constraints in the baseline case (black),
and using a 5% prior (purple) and a 10% prior (blue) on the fraction of
outliers.

cosmological parameters, leading to biases of a sizeable fraction
of the statistical uncertainty.

From our tests, we can also see that in the final Euclid data
analysis, we will be somewhat sensitive to the modelling of the
redshift evolution of galaxy bias. Even if we assume a reasonable
piecewise linear function of redshift, if the true underlying red-
shift evolution is a more complex function, we could get biases
of the order of 0.5 0 on some of the cosmological parameters.
Along these lines, we should mention that, in this work, we re-
stricted ourselves to tests of linear galaxy models and left the
small-scale modelling of the 3x2pt analysis, such as non-linear
galaxy bias, various scale cuts, and baryonic effects, to be dealt
with in the parallel work of Euclid Collaboration: Carrilho et al.
in prep.

For the parameters in which we expect to use Gaussian pri-
ors, care must be taken in choosing a width that ensures unbiased
constraints while maximising the cosmological information. For
instance, we caution against using too optimistic priors on the
multiplicative bias parameters, as already having a true value 1 o
away from the centre of the prior can induce a considerable bias
on the cosmological parameters.

In our set-up, the redshift shifts are well constrained, so that
the choice of prior width has little impact on the best-fit param-
eters. Enlarging the priors does, however, result in a loss of con-
straining power on the cosmological parameters. Since these pa-
rameters seem to be well constrained by the data, it is worth
choosing a narrower prior width to gain constraining power.

At the same time, the redshift shift parameters are severely
impacted by mis-modelling of other systematic effects. For this
reason, it is important that the redshift distributions are well cal-
ibrated. Indeed, this has been identified by the community as
one of the areas that needs the most improvement. Wright et al.
(2025) showed the significant impact of doing so by improving
their constraining power by 15% and concurrently resolving the
S tension, which seems to have been driven by poorly modelled
systematic effects.

On the spectroscopic galaxy clustering side, we have tested
the impact of enlarging the prior on the fraction of outliers. As
expected, this has a significant impact on the constraining power
of A, since the two are fully degenerate, but also on Q.h*. From
this test, it is clear that a better calibration of the purity can result
in significant gains in constraining power from Euclid spectro-
scopic galaxy clustering alone. This work has set the stage for
more focused analyses that will consider each of these system-
atic effects and determine modelling and prior choices for the
future Euclid data analyses.

7. Data availability

The result samples for all the cases described in our analysis
are available on the Zenodo archive https://doi.org/10.5281/zen-
0do.16029827.
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Appendix A: Nuisance parameter constraints

In this appendix, we show the parameter constraints of the relevant nuisance parameters for the different cases explored in Sect. 5.

—— zNLA data / zZNLA model
no IA data / zZNLA model
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Fig. A.1. Nuisance parameter constraints in the baseline case (black), and using the zZNLA intrinsic alignment model for a data vector with zero
intrinsic alignment signal (blue). The MAP value is shown in the respective colours for the 2D (crosses) and 1D (dotted lines) projected posterior
panels.
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Fig. A.2. Nuisance parameter constraints in the baseline case (black), and analysing a data vector with zZNLA signal with no intrinsic alignment

model (blue).
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—— 2zNLA data / zZNLA model - 3x2pt
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Fig. A.3. Nuisance parameter constraints in the baseline case (black), and analysing a data vector with zZNLA signal with no intrinsic alignment
model using the 3 X 2 pt combination (purple), 2 X 2 pt (blue) and WL only (red). Note: The purple and blue contours are overlapping due to the
large range of the axes, but do not coincide.
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—— pol. gal. bias data / const. per-bin gal. bias model
—— pol. gal. bias data / interp. per-bin gal. bias model
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Fig. A.4. Constraints on the per-bin galaxy bias parameters when analysing the baseline data vector with a constant per-bin galaxy bias model
(purple) or with a linear function of redshift within each bin (blue).
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Fig. A.5. Constraints on the redshift shift parameters in the baseline case (black), and analysing the baseline data vector with a constant per-bin
galaxy bias model (purple) or with a linear function of redshift within each bin (blue).
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Fig. A.6. Redshift shift parameter constraints in the baseline case (black), and using a 10 times larger prior (purple) and a fully correlated prior
with width 0.0036 (blue). Dashed lines show the prior distribution.
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Fig. A.7. EFT nuisance parameter constraints in the baseline case (black), and using a 5 times larger prior (purple) and a 10 times larger prior
(blue) on the fraction of outliers.
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Fig. A.8. f,, parameter constraints versus In(10'°A;) in the baseline case (black), and using a 5% prior (purple) and a 10% prior (blue) on the
fraction of outliers. Dashed lines show the prior distribution.
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