
Astronomy & Astrophysics manuscript no. output ©ESO 2026
November 11, 2026

Euclid Data Release 1 (DR1)

Photometric-redshift pipeline overview and validation

Euclid Collaboration: W. G. Hartley, S. Paltani, F. Dubath, M. Tucci, A. Enia, M. Bolzonella, N. Morisset,
H. Degaudenzi, et al.

(Full author list and affiliations details can be found after the references)

November 11, 2026

ABSTRACT

We present the pipeline design of the photometric redshift processing function for Data Release 1 (DR1) of the Euclid mission, and the valida-
tion and performance of our cosmology-related products that are released as part of DR1-Foundation. The Euclid mission aims to constrain the
equation-of-state parameter of dark energy, w, to percent-level accuracy through the measurement of large-scale structure via weak gravitational
lensing and galaxy clustering. As part of DR1-Foundation we release determinations of photometric redshifts (photo-z), corrected photometry,
and object classes that are used to form the basis of the cosmological samples. The release furthermore includes estimates of the spectral energy
distributions of stars and galaxies for the careful modelling of the point-spread function for weak-lensing measurement. We estimate the perfor-
mance of the photo-z point estimates and probability distribution functions using overlapping spectroscopic redshifts, which are weighted to match
different flux-limited target samples. We find that the current performance is somewhat below mission design requirements (40% in scatter and a
factor of 2 in outlier fraction) at the nominal survey depth (IE < 24.5), but closely matching requirements at slightly brighter magnitudes (IE < 24),
consistent with pre-launch analyses and the slightly shallower external data (up to 0.3 mag) with respect to end-of-mission expectations. Data
from Rubin-LSST will help alleviate this issue by the time of the final cosmology analyses. The other cosmology-related outputs are tested to the
extent that is possible with currently available comparison data. This paper is partnered by an article describing the measurement of the physical
properties of galaxies for the purpose of non-cosmological science.
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1. Introduction

Data Release 1 of the Euclid mission (DR1, Euclid Data Re-
lease 1 2026; Euclid Collaboration: Aussel et al. 2026b) is the
first major release, following the smaller Early Release Obser-
vations (Cuillandre et al. 2025) and Quick Data Releases (Q1
and Q2 Euclid Collaboration: Aussel et al. 2026a; Beaulieu et al.
2026) data sets. It comprises the Euclid Wide Survey (EWS)
with data of the same depth as the Q1 release; the Euclid Deep
Fields (EDFs), which cover the same area as Q1 but to greater
depth; and numerous calibration observations, including the Eu-
clid Auxiliary Fields (EAFs) for photo-z and colour gradient cal-
ibration.

In this work we present an overview of the photometric red-
shift processing function (PHZ PF), developed by the organi-
sation unit for photometric redshifts (OU-PHZ) and the Swiss
science data centre (SDC-CH), and its output products that are
released as part of DR1-Foundation. In particular, we focus on
aspects that are new with respect to the Q1 pipeline (which is
described in detail in Euclid Collaboration: Tucci et al. 2026,
EC:T26 hereafter), the most significant difference being the
availability of two of the photo-z EAFs and the resulting imple-
mentation of the pre-launch baseline strategy (see Sect. 2.3.2 and
Euclid Collaboration: Mellier et al. 2025). This overview can be
found in Sect. 2, along with a description of the two main tools
used in the PHZ PF and developed alongside it, Phosphoros
and NNPZ. The construction of the reference data sets from the
EAF that are required by NNPZ is provided in Sect. 3.

DR1 represents the first opportunity to measure constraints
for cosmological parameters such as the matter density, Ωm, am-
plitude of the power spectrum, σ8, and the dark energy equation-
of-state parameter, w (e.g. Chevallier & Polarski 2001), with Eu-
clid data. It will mark the first weak-lensing analysis from a stage
IV experiment, following the stage III weak lensing experiments,
such as the Dark Energy Survey (DES, Abbott et al. 2018), the
Kilo-Degree Survey (KiDS, de Jong et al. 2013), and Hyper
Suprime-Cam Subaru Strategic Programme (HSC-SSP, Aihara
et al. 2018). Covering an area of order 1900 deg2, to an effective
magnitude limit of IE = 24.5 and with broad-band photometry
from the u band to the HE band, Euclid DR1 occupies a unique
position among current weak-lensing surveys that should enable
improved constraints with respect to the aforementioned stage
III experiments’ latest results (DES Collaboration et al. 2026;
Wright et al. 2025b; Dalal et al. 2023).

Cosmological parameters from Euclid’s photometric data set
will be measured through the combination of 2-point functions
using both galaxy ellipticities and positions. They will form a
so-called 3×2pt analysis of cosmic shear, galaxy–galaxy lens-
ing, and galaxy clustering, as has become common in the liter-
ature (e.g., Krause et al. 2017). Among the key ingredients in
these analyses are the redshifts of the galaxies used as probes
of the large-scale structure, which rely largely on the photo-
metric redshift (photo-z) method (e.g., Bolzonella et al. 2000;
Benítez 2000; Collister & Lahav 2004; Salvato et al. 2019). The
statistical precision of the anticipated final-mission weak lens-
ing measurements places requirements on the quality of such
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photo-z and, in turn, requirements on the Euclid survey design
and depths of the photometry (Laureijs et al. 2011).

The role of photo-z in 3×2pt analyses is twofold: to place
galaxies in meaningfully-separated bins in redshift (redshift to-
mography); and to calibrate the distributions in redshift of the
galaxies, n(z), in each bin. The first of these tasks implies re-
quirements on the precision and accuracy of single-value best
estimates for each galaxy’s redshift (‘point estimates’). These
are expressed via the dispersion in the scaled redshift difference
between the point estimate and spectroscopic redshift, σ(δz) <
0.05, and the fraction of outlier galaxies with photo-z point es-
timates very different from their true redshift (|δz| > 0.15),
foutliers < 10% (Amara & Réfrégier 2007; Laureijs et al. 2011);
with δz the normalised difference, given by (zphot − zspec)/(1 +
zspec). These requirements can be similarly expressed through
their redshift probability distribution functions, zPDFs, follow-
ing Euclid Collaboration: Desprez et al. (2020). These require-
ments are easily met in deep extra-galactic fields at the tar-
get magnitude limit of samples for cosmic shear (IE < 24.5
in the case of Euclid), where high signal-to-noise ratio (S/N)
data across many bands are available (e.g., Hartley et al. 2022;
Weaver et al. 2022; Taylor et al. 2023). However, they remain a
considerable challenge for the wide-field areas where the anal-
yses are carried out (Tanaka et al. 2018; Euclid Collaboration:
Desprez et al. 2020; Duncan 2022). Moreover, galaxies hosting
AGN can remain hidden among the galaxy samples and will re-
quire careful treatment for the overall requirements to be met
(Shirley et al. 2026).

In the second task, the requirement on the accuracy of the
mean redshift for n(z) in each tomographic bin is among the most
stringent of all the Euclid design requirements, at δz/(1 + z) <
0.002. Multiple complementary strategies will be required to
reach this performance, including photometric-space calibration
approaches (Masters et al. 2015) and inference through angular
clustering (Newman 2008). Stage III weak lensing experiments
have already achieved impressive accuracy through the sophis-
ticated application of these techniques with the support of sim-
ulated data sets (Wright et al. 2025a; d’Assignies et al. 2026;
Yin et al. 2025). However, even the most tightly constrained n(z)
produced to date fall far from the required accuracy in stage IV
experiments such as Euclid. In this paper we focus on the photo-
z performance required for the first of the tasks (presented in
Sect. 4.3), while the calibration of n(z) for cosmological infer-
ence will be presented in a separate paper, which will appear
alongside the full Euclid DR1 release. The photo-z point esti-
mates for a flux-limited IE < 24.5 sample are validated against
the requirements in Sect. 4.1.

The leading-order source of systematic error in weak lensing
analyses is often the measurement and modelling of the point-
spread function (PSF). In the case of a diffraction-limited optical
system such as Euclid, the effective PSF of an astrophysical ob-
ject is sensitive to its spectral energy distribution (SED). Because
the visible instrument (VIS) throughput is very broad in wave-
length (FWHM ∼ 370 nm, centred on 731 nm, Euclid Collabora-
tion: Cropper et al. 2025), the objects’ SEDs, be they stars used
to model the PSF or galaxies used in the weak lensing analysis,
must be extremely well known on average across any given sub-
sample (Cropper et al. 2013; Eriksen & Hoekstra 2018). The task
of measuring these SEDs is also part of the PHZ PF and, while
such products were released in Q1 and described in EC:T26, they
are first used for their intended purpose in DR1 and therefore de-
serve greater focus in the present paper. The description of how
the products are produced can be found in Sects. 3.2 and 3.3, and
an assessment of their performance in Sect. 4.4.

While Euclid is primarily designed as a cosmology mis-
sion, the combination of image quality, depth, and survey area
of DR1 is unlike anything that has been produced by the com-
munity previously and will enable an incredible range of non-
cosmological science to be carried out, building on the success
of the Q1 release. The PHZ PF produces non-cosmological sci-
ence data products for each of the tiles of photometric data pro-
duced by the Merge (MER) PF (Euclid Collaboration: Kümmel
et al. 2026), containing detailed classification information and a
set of outputs for different object classes. These products include
catalogues of star model fits, quasi-stellar object (QSO) proper-
ties, and a separate photo-z determination that extends to higher
redshift for objects taken from the near-infrared (NIR) detection
image. These three specialist catalogues were already described
in the PHZ Q1 paper, EC:T26, but a brief description is included
in the current work for completeness, found in Sects. 2.3.6 to
2.3.8. The final product for non-cosmological science applica-
tions is the catalogue of galaxy physical properties, such as stel-
lar masses and star-formation ratess (SFRs), assuming that each
object is a galaxy (i.e., objects with active nuclei are poorly mod-
elled in this catalogue). Similar to the photo-z determinations,
this product makes use of the newly available EAFs and warrants
a more detailed description than can be included in the present
work. Details of the determination of these physical properties
and their validation are therefore presented in a separate publica-
tion (Euclid Collaboration: Enia et al. 2026a, hereafter EC:E26).
We conclude this article in Sect. 5 with a brief discussion of two
known issues that users of the products should be aware of.

Throughout the remainder of this paper, we assume as base-
line the Planck Collaboration (2016) ΛCDM cosmology, with
H0 = 67.74 km s−1 Mpc−1, Ωm = 0.3089, and ΩΛ = 0.6911. All
magnitudes are given in the AB system (Oke & Gunn 1983) and
depths quoted are 10σ noise limits for 2′′ diameter apertures,
unless otherwise stated.

2. Overview of the PHZ pipeline and methods

The PHZ PF comprises four main pipelines: the main produc-
tion pipeline; a variant of the production pipeline for EDF tiles
(Deep pipeline); a sample selection and redshift-tomographic-
binning pipeline; and finally a pipeline to produce calibrated red-
shift distributions, n(z), for cosmological-parameter inference. In
addition to these pipelines that are run through the Euclid opera-
tions system (Euclid Collaboration: Ruffenach et al. 2026), OU-
PHZ and SDC-CH also develop and execute a number of cali-
bration pipelines that build input products for the main PHZ PF
pipelines. In this section we provide a general overview of the
main production pipeline and its output products. Only a brief
description is provided here for aspects that have not changed
since the Q1 release, and we refer the reader to EC:T26 for fur-
ther details.1

In Fig. 1 we show a schematic overview of the main produc-
tion pipeline for EWS tiles. The pipeline operates on photomet-
ric catalogues produced by the MER PF and produces eight cat-
alogues for each tile, separated into two container products de-
pending on whether they are intended for use in core cosmology
science or non-cosmology science, as well as validation reports
that are used internally within OU-PHZ to assess the success and
validity of each pipeline run. Two container products are used in
the Data Processing System and Science Archive System to or-

1 Additional information on the PHZ PF outputs is provided in the on-
line explanatory supplement, https://euclid.esac.esa.int/dr/
dr1/expsup.
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Table 1. Summary of methods for the photometric redshift pipeline outputs and the main references for each product.

Data Type Table Namea Container Productb Method Main Reference
Photometric redshifts phz_photoz dpdPhzPfOutputCatalog NNPZ Sect. 2.3.2
Object classification phz_classification dpdPhzPfOutputForL3c pRF Sect. 2.3.1, EC:T26
Galaxy SEDs phz_galaxy_sed dpdPhzPfOutputCatalog NNPZ Sect. 2.3.5
Star SEDs phz_star_sed dpdPhzPfOutputCatalog NNPZ Sect. 2.3.5
Unified photometry phz_photoz dpdPhzPfOutputCatalog NNPZ Sect. 2.3.4
Galaxy physical
properties phz_physical_parameters dpdPhzPfOutputForL3 NNPZ EC:E26

QSO physical prop-
erties phz_qso_physical_parameters dpdPhzPfOutputForL3 Phosphoros EC:T26

Star templates phz_star_template dpdPhzPfOutputForL3 Phosphoros EC:T26
NIR-detected source
photo-z phz_nir_physical_parameters dpdPhzPfOutputForL3 Phosphoros EC:T26

Calibrated n(z) distri-
butions . . . DpdBinMeanRedshift SOM EC: Wright et al., in

prep.

Notes. (a) For EWS catalogues append _wide; for EDS (including AUX fields and Euclid medium deep survey) append _deep; for the EWS-
like visits of the deep fields append _deep_visits . (b) For EWS and EWS-like visits of the EDFs. EDS catalogues have a primary container,
dpdPhzDeepOutputCatalog, with the galaxy physical properties catalogue in dpdPhzPfOutputForL3 for technical reasons. (c) Classification
information is also summarised in dpdPhzPfOutputCatalog.

ganise our output catalogues (see Euclid Collaboration: Belikov
et al. in prep. for a description of the archive system). The corre-
spondence of the different output catalogues to these containers
is provided in Table 1, where we also list the main method used
for their production. The DpdBinMeanRedshift product will be
released as part of the full DR1 and is included here for com-
pleteness.

2.1. Key pipeline tools

Before describing the individual catalogue products we begin
by introducing two key tools employed to produce them, our
Bayesian SED-fitting package, Phosphoros, and our nearest-
neighbour algorithm, NNPZ.

2.1.1. Phosphoros

At its core, Phosphoros (Paltani et al., in prep.) is similar to
many previous SED template-fitting approaches to measuring
photo-z, and in particular the LePhare package on which it was
initially based (Ilbert et al. 2006). Redshift and galaxy type prob-
abilities are estimated using the χ2 computed between the mea-
sured object fluxes and predicted fluxes of a set of allowed SEDs
and redshifts. It is designed with flexibility in mind, allowing for
the use of user-defined priors, multiple sets of template SEDs,
and a multi-dimensional treatment of the internal properties of
galaxies (e.g. dust reddening), within a fully Bayesian frame-
work. The full posterior space for each object can be output, or
represented through marginal posteriors, samples from the pos-
terior, or some combination of these. Furthermore, SEDs can be
tagged with physical quantities, including those that scale with
object luminosity, and these physical quantities can also be out-
put as samples or summary statistics such as median values. As a
result, the performance of Phosphorosmatches or exceeds sim-
ilar publicly available packages (Euclid Collaboration: Desprez
et al. 2020; Desprez et al. 2023). Of particular importance for
the Euclid mission is the ability to take into account attenuation
from the Milky Way via a forward model and the variation of

filter bandpasses across the field of view of a camera (Galametz
et al. 2017; Euclid Collaboration: Paltani et al. 2024).

2.1.2. Nearest-neighbours for photo-z: NNPZ

NNPZ is a nearest-neighbour machine-learning algorithm de-
signed to emulate and accelerate the behaviour of a template-
fitting method such as Phosphoros. The principal advantages
of a nearest-neighbour method over template fitting are the much
lower computational cost and the automatic prior on the galaxy
population that is provided by the training data. Throughout this
paper we refer to each set of training data as a reference sample
because nearest-neighbour approaches are not explicitly trained.
It is this nature of the nearest-neighbour algorithm that makes it
particularly suited for our purpose, since unlike most machine-
learning approaches, we are able to include the impacts of the
sky-location dependence of Galactic reddening and variation of
filter bandpasses across a camera’s field of view without the need
to retrain the model. The fluxes of the reference objects are ad-
justed on the fly using their known SEDs to forward model the
reddening (Galametz et al. 2017). Correction for filter variation
will be achieved in the same manner as Galactic reddening (Eu-
clid Collaboration: Paltani et al. 2024), but is not accounted for
in DR1 as the input information required by the PF are not yet
available.

The reference samples used for the DR1 pipeline are taken
from the EAF data, and in the case of DR1 exclusively from the
COSMOS field. Because these reference samples for NNPZ play
a central role in the performance and characteristics of our out-
puts, we devote considerable attention to their construction in
Sect. 3. The use of a machine-learning algorithm with an empiri-
cal reference sample confers a further advantage over direct SED
template fitting, in that the method is insensitive to systematic er-
rors in the effective band-to-band zero points, provided that any
offsets are consistent between survey patches, in particular be-
tween the reference data set and the target galaxies in the EWS
or EDF.

The distance measure between a target EWS object and the
objects in the reference sample plays the role of the likelihood
in a traditional template-fitting method and NNPZ allows for var-
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Fig. 1. Schematic diagram of the PHZ PF main production pipeline for EWS tiles, showing the different decision points and subtasks that lead to
output products.

ious definitions of this distance. In the PHZ pipeline, the neigh-
bour distance is defined using the χ2, or squared Mahalanobis
distance,

log Dist. = −0.5
∑

b

(A fref,b − fob,b)2/σ2
ob,b, (1)

with fref,b and fob,b the reference and target fluxes through band
b, σob,b the associated flux uncertainty and A a free-parameter
governing the amplitude offset between a neighbour and target
object, controlled via a prior. This prior can be fixed to unity
(default behaviour), left completely free (in which case only the
SED shape information is used), or one of a number of para-
metric forms, including a log-normal form that we use in the
DR1 pipeline (see Sect. 2.3.2). In all cases, the prior probability
is clipped to zero where it falls below p(A) < 10−10, resulting in
truncated prior distributions for open-ended distributions such as
Gaussian or log-normal. For each reference object the amplitude

is chosen such that the final weight, given by the prior times the
distance, is maximised. Objects for which no neighbours with
weight greater than 10−3 are found are flagged (PHZ_FLAGS=1).

Quantities of interest that are known for the reference sam-
ple objects, such as their redshift posterior distribution function
(zPDF), SEDs, or physical properties are weighted according to
the distance and averaged. In this sense, NNPZ behaves much
like a template-fitting method, with the reference sample objects’
measured fluxes taking the place of the synthetic template fluxes,
and their known properties replacing the model quantities. How-
ever, the use of an empirical reference sample naturally avoids
spending computation on combinations of redshift and galaxy
type that do not exist in the Universe, and provides greater fi-
delity for the most commonly encountered galaxies. On the other
hand, object types that are unrepresented or poorly represented
in the reference data can suffer biases, such as is the case at low
redshift in DR1 (see Sect. 5.1).
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Reference sample objects have natural amplitudes to their
SEDs, and this observed brightness plays a key role in the effec-
tive galaxy population prior, with the impact of common degen-
eracies in colour space being reduced as a result (see Sect. 4.3).
However, the use of a nearest-neighbour algorithm necessitates
some compromises. The neighbourhood in photometric space of
any target object is discretely sampled by a finite number of ref-
erence objects, which constitutes a source of noise in the out-
put quantities. This sampling noise can be reduced by allowing
greater freedom in the amplitude parameter, with the resulting
neighbour distances shortened where a target and reference ob-
ject are close in colour but differ in amplitude. Doing so creates
a denser neighbour sampling at the cost of reduced effectiveness
in the magnitude aspect of the population prior.2

2.2. Pre-processing of input catalogues

The PHZ production pipeline operates on MER final catalogue
products (Euclid Collaboration: Kümmel et al. 2026). An EWS
tile will contain external data either from DECam (Flaugher et al.
2015) or the UNIONS set of surveys (Gwyn et al. 2025), de-
pending on the sky location of the tile (Euclid Collaboration:
Corcho-Caballero et al. 2026). UNIONS comprises Canada–
France–Hawaii Telescope (CFHT) MegaCam data from CFIS in
the u and r bands (Ibata et al. 2017), Subaru Hyper Suprime-Cam
(HSC Miyazaki et al. 2018) data in g and z bands from WHIGS
and WISHES respectively, and i-band data from Pan-STARRS
(Chambers et al. 2016). The pipeline identifies the relevant pho-
tometric system and determines which of the expected photo-
metric bands are absent for each object (including the Euclid
bands, IE, YE, JE, and HE). The number of such bands is indicated
in the PHOTOMETRIC_SYSTEM column of the PHZ output cata-
logue, and the names of the missing bands are included in the
classification catalogue. For the deep tiles, similar sets of bands
are defined which accommodate the range of possible combina-
tions that exist in the survey.

For DR1, the object fluxes used throughout the PHZ pipeline
are the PSF-matched aperture fluxes from OU-MER, specifically
those in the circular aperture with diameter corresponding to
twice the full width at half maximum (FWHM) of the image
with the broadest PSF, 2FWHM_APER columns in the MER cat-
alogues. These fluxes are corrected to pseudo-total fluxes using
the Kron-like FLUX_DETECTION_TOTAL measurements.

2.3. PHZ product overview

2.3.1. Object classification

Object classification is performed by means of a pair of proba-
bilistic random forests (pRFs, citealtReis19), one for star clas-
sification and one for galaxy classification. Each pRF provides
a probability for a given object to be of that class or not and
these probabilities are used to determine which branches of the
pipeline an object appears in. These probabilities are also used
alongside a pair of threshold values (listed in the classification
catalogue) to form the consolidated classification output column,
PHZ_CLASSIFICATION, in which objects could be accepted as
one class, both classes or neither. These thresholds were set to
return a highly complete galaxy class and a very pure star sample
at high S/N> 50, with core cosmology science in mind. Users
are encouraged to set their own class thresholds optimised for
their own science goals.

2 See De Vicente et al. (2016) for related discussions.

The advantage of a pRF over a standard random forest is that
allows the user to take uncertainties in the labels and features
into account during training and prediction. In the case of the
PHZ pipeline, the features we use are all possible colour combi-
nations from asinh-scaled magnitudes (Lupton et al. 1999) and
the probabilistic nature of the pRF therefore allows us to produce
consistently estimated class probabilities across the EWS foot-
print without the need to retrain for varying depths. The training
set with labels was constructed in the same way as in the Q1
release, with full details given in EC:T26.

In the Q1 release we used a third classifier to determine
objects likely to be QSOs. However, classification of such ob-
jects using photometry alone proved to be very challenging. For
the DR1 pipeline, objects are included in the QSO catalogue
if they are point-like and not classified as stars (using the de-
fault consolidation threshold for stars). The morphology infor-
mation for the classification is provided by the difference be-
tween the peak surface brightness of the object minus its PSF
model magnitude (contained in MER final catalogue column,
MUMAX_MINUS_MAG), with the threshold for an object to be point
like set at MUMAX_MINUS_MAG < −2.6 (see Euclid Collabora-
tion: Romelli et al. 2026 and Euclid Collaboration: Matamoro
Zatarain et al. 2026 for a validation of this choice). This sam-
ple is contaminated at the bright end by stars that do not pass
the classification threshold, and will include only AGN where
the host light contribution is low or unresolved, consistent with
the definition of a QSO. Meanwhile, at faint magnitudes, galax-
ies and point sources are difficult to distinguish morphologically,
even with the Euclid imaging. It is therefore a starting point for
a QSO sample selection, ensuring that photo-z using suitable
SEDs are available for the vast majority of genuine QSOs, and
not a ready-made sample of confirmed QSOs. Performance of
the classification for DR1 is described in Sect. 4.5.

While most operations in the pipeline are robust to absent
photometric information in one or more bands, the pRFs perform
better with a consistent set of input features. The fluxes that form
these features must also be corrected for Galactic reddening. The
method for imputing and correcting the photometry for redden-
ing is unchanged from the Q1 release. Firstly, an SED-dependent
reddening correction is performed for all objects. Then, a kNN is
employed with the objects from the tile with complete data used
as the training sample. The closest 15 neighbours are found for
each object that is missing bands, and those bands are imputed
using the average values of the neighbours. We invite the inter-
ested reader to consult EC:T26 for a fuller description of this
process.

2.3.2. Photometric redshifts

Photo-z, including the full zPDF and associated summary statis-
tics, are computed using NNPZ for the DR1 release, in contrast
with the Q1 release where Phosphoroswas used. This switch in
methods represents the most significant change to the PHZ pro-
duction pipeline, made possible by the collection of Euclid and
external data in the EAF that are used to construct the reference
sample of potential neighbours (see Sect. 3). For every target,
the number of neighbours used by NNPZ is set to 30, based on
an optimisation performed during pre-launch Euclid data chal-
lenges and a compromise between precision and data volume
for the galaxy physical property outputs (see EC:E26). In some
cases 30 neighbours may not be enough, and thus result in a
truncation of the zPDF. However, we see no clear evidence for a
degradation in the zPDFs calibration that would result from such
an issue during validation (Sect. 4.1). The median effective num-
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ber3 of neighbours for an IE < 24.5 sample is Nneighb. = 24.64
but declines sharply at brighter magnitudes (IE < 23).

The second major configuration choice in NNPZ is the choice
of prior for the allowed amplitude difference between a target ob-
ject and the reference galaxies. To set this choice we took advan-
tage of the EWS-like processing of the EDF-F produced by the
MER pipeline. We performed a sweep of the various prior op-
tions in NNPZ, changing the associated parameters within sen-
sible limits and optimising for the photo-z performance metrics
we describe in Sect. 4. We find the best results are obtained if
we apply a log-normal prior with mean and standard deviation,
µ = 0.04 and σ = 0.2. The prior clipping limit described in
Sect. 2.1.2 restricts the prior amplitude range to ±1.5 mag.

In addition to the amplitude prior, we need to allow for any
possible differences in the zero-point calibration between the ref-
erence sample (COSMOS field) and the target objects from the
EWS. From an early assessment of the photometric performance
of the OU-MER final catalogues we estimate that the tile-to-tile
variations in possible zero-point corrections are of the order of
∼ 2%, and we therefore add a systematic uncertainty at 2% of
the object flux in all bands. However, due to a configuration er-
ror that could not be fixed ahead of the release, this value was
interpreted as the variance, resulting in much smaller distances
for most objects. Nevertheless, our photo-z performance is not
substantially degraded by this error (see Sect. 4.3).

Summary statistics are computed from the weighted and av-
eraged zPDF of the 30 neighbours produced by NNPZ: the me-
dian, central percentile ranges, and a ‘mode’ value, PHZ_MODE_1
corresponding to the mean of the most probable peak in the zPDF
following a peak decomposition. The mean redshift of the clos-
est neighbour’s zPDF (representing a quantity analogous to a
maximum likelihood solution in template-SED-fitting photo-z)
is also output, as the column PHZ_MODE_2.4 Finally, the zPDFs
are smoothed with a narrow Gaussian filter (σz = 0.02) to re-
move high-frequency noise, which might otherwise cause artifi-
cial clustering in tasks such as zPDF-based galaxy cluster detec-
tion.

2.3.3. Galaxy physical properties

For completeness, we succinctly describe the products contain-
ing galaxy physical properties. Full details can be found in
EC:E26. The physical properties of galaxies, such as their stel-
lar masses, SFRs, and absolute magnitudes are determined in an
analogous way to the photo-z PDFs, except that full posterior in-
formation cannot be stored and delivered, even for a number of
objects the size of the reference sample. Instead, the posteriors
of the NNPZ reference objects are represented via a set of 50 sam-
ples, which between them express the correlations between the
various quantities of interest, e.g., between redshift and luminos-
ity or stellar mass; between specific SFR and rest-frame colours
etc.

As for photo-z determination, NNPZ is run with a neighbour
count of 30 and the same freedom in SED amplitude with log-
normal prior is used when computing the neighbour distances.
The result of the NNPZ run is a physical property posterior for
each object represented by 1500 samples with relative likelihood
weights, and SED amplitude-sensitive quantities such as stellar
masses corrected by the appropriate scaling factors. The scale

3 The effective number of samples, given a set of weights, w, is Neff =
(
∑

w)2/
∑

(w2).
4 Despite the column names, neither MODE column refers to the true
mode of the zPDF, which can be extracted trivially from the zPDF.

factors are stored in the output catalogue alongside the list of
neighbour IDs and distance weights, forming a very compact
representation of the full posterior, at the cost of a degree of
sampling noise. The output catalogue also includes some simple
statistics for each property: the median value; mean of the closest
neighbour; and central 68-percentile limits (15.9–84.1 %). Fur-
ther details of the methods and validation of the outputs are pro-
vided in EC:E26, Sect. 3 and 4.

2.3.4. UNIFied photometry

The Euclid core cosmology science requires that we are able to
calibrate the redshift distribution of a sample of galaxies within
a given tomographic redshift bin consistently across the survey
footprint. This is done by partitioning the photometric space into
discrete volumes, each of which is then calibrated. In practical
terms, this implies using a standardised photometric system that
is corrected for Galactic reddening and for any differences be-
tween the effective filter curves that different objects were ob-
served with. The purpose of the UNIFied (UNIF) photometry is
to achieve this standardisation. For DR1, we assume that each
bandpass is invariant across its respective camera’s field of view
(such variation will be addressed in DR2), and we choose the
DECam filter set of the southern DR1 area as the primary filter
set. We provide UNIF fluxes for both north and south filter sets.

Correcting fluxes for reddening requires knowledge of the
source SED, as discussed in Galametz et al. (2017). We include
this information through the use of NNPZ and the reference sam-
ple built for photo-z measurement. The high S/N photometry
available in the EAFs allows us to obtain reddening-free fluxes
for the reference objects through per-object and per-band correc-
tion factors via template-SED fitting with Phosphoros. Objects
are fit with reddened SEDs, and the ratio of reddened to unred-
dened model flux for the best-fitting SED is used to correct the
fluxes of the reference objects. From the same SED, a set of lin-
ear coefficients is computed (one per band) such that when mul-
tiplied by a line of sight E(B − V) a close approximation of the
galaxy photometry, were it to be viewed in that sky location, are
obtained. These coefficients are used during neighbour distance
calculation by NNPZ to shift each reference object into the (red-
dened) photometric space of a target object. The predicted UNIF
fluxes for a given band from a single NNPZ neighbour are then
obtained via the measured EWS fluxes ( fobs) by

fUNIF = fobs
fref

fref,reddened
. (2)

The output UNIF photometry is then constructed in an analogous
way to the photometric redshifts: taking the weighted average of
the predicted photometry in each band from the 30 closest neigh-
bours found by NNPZ, after applying their appropriate amplitude
scale factors. DECam UNIF fluxes for objects in the northern
hemisphere are similarly obtained through the appropriate refer-
ence fluxes,

fUNIF,DECam = fobs,UNIONS
fref,DECam

fref,reddened,UNIONS
, (3)

and vice versa for the UNIONS fluxes in the southern hemish-
pere.

We do not propagate uncertainty estimates in DR1 as they
are not strictly necessary for their purpose of n(z) calibration.
Error propagation will be addressed in future data releases. The
reference sample used for this task is the same as used for the
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photo-z and consists only of galaxies, so although UNIF photom-
etry is computed and output for all objects they should not be
used for stars.

2.3.5. SEDs for PSF modelling

The PSF of the Euclid VIS instrument through its IE band is
diffraction limited and hence the effective PSF of any given
source recorded in an image will depend on its SED (Eriksen
& Hoekstra 2018). Since the PSF model is among the leading-
order sources of error in cosmic shear analyses (Massey et al.
2013) it is crucial that wavelength dependence is taken into ac-
count during galaxy shape measurement and the PSF model must
therefore be explicitly SED dependent. To allow the construc-
tion and application of a chromatic PSF model in the SHE PF
(Euclid Collaboration: Miller et al., in prep.), we produce finely
sampled SEDs at intervals of 10 nm for both stars and galaxies
across the range of wavelengths relevant to the PSF modelling,
450 < λ/nm < 1000. Catalogue columns are named for the syn-
thetic narrow-band flux that each interval represents. As for the
UNIF fluxes described earlier, we do not provide uncertainty es-
timates for the finely sampled SED fluxes in DR1.

For the estimation of SEDs, we again employ NNPZ, together
with an appropriate reference sample of objects, drawn either
from Gaia (Gaia Collaboration: Prusti, T. et al. 2016) for stars or
from the COSMOS EAF for galaxies (see Sect. 3). Stellar SEDs
from the dedicated PSF fields (Euclid Collaboration: Duncan et
al., in prep.) are used during the initial PSF model construction,
and also during tile-by-tile processing to refine the PSF model
for each Euclid observation (in particular the telescope focus).
For this purpose, only high S/N > 50 stars are used, based on
the photometric classification (Sect. 2.3.1) and the MER cata-
logue FLUX_DETECTION_TOTAL. A loose cut removing clearly
extended objects (MUMAX_MINUS_MAG> −1.5) was also intro-
duced in DR1 to remove a small number of obvious galaxy con-
taminants. The NNPZ configuration for stellar SEDs uses a uni-
form scaling prior (i.e., a free SED amplitude) and no correction
for Galactic reddening, such that we assume the reference sam-
ple contains all relevant combinations of stellar type and redden-
ing.

Galaxy SEDs are produced for all objects that were not re-
jected during catalogue ingestion, regardless of their classifica-
tion. This choice is to avoid introducing any potential biases
due to imposing selection criteria at an early stage, since shear
measurement can only be made for objects with valid galaxy
SEDs. To construct the galaxy SEDs, NNPZ is run without scal-
ing and the finely sampled photometry is reddened appropriately
(Galametz et al. 2017) according to the line-of-sight reddening
from the Planck map (Planck Collaboration 2014, GAL_EBV in
the MER final catalogue).

2.3.6. QSO photo-z

Estimation of the properties of QSO-classified objects is un-
changed with respect to the Q1 pipeline, although the method of
classifying such objects has changed (see Sect. 2.3.1). QSO can-
didates are fit with the set of composite QSO+host galaxy SEDs
from Salvato et al. (2009) using Phosphoros. A reasonably re-
stricted and simple model space is used because QSO photo-z are
notoriously challenging to measure due to near power-law-like
SEDs, a wide range of emission-line strengths, and photometric
variability (e.g., Shirley et al. 2026). Variability is particularly
problematic when dealing with photometric measurements from

images taken several years apart and cannot be included in the
PHZ pipeline at present. Redshifts up to z = 6 are allowed in
steps of ∆z = 0.05, and intrinsic reddening is assumed to follow
the Prevot et al. (1984) SMC law, with colour excess values up to
E(B−V) = 0.04. Outputs include the redshift PDFs, best-fit tem-
plates, combined SED luminosities, and Milky Way-corrected
photometry (again following Galametz et al. 2017). Some fur-
ther details of the set-up and general performance can be found
in EC:T26.

2.3.7. Stellar template fits

Similarly unchanged is the Phosphoros set-up for objects clas-
sified as stars. Objects are processed through the star template
element of the pipeline based on their probability of being a
star during the classification step. No morphology information
is used in this decision so as to avoid rejecting objects that might
fail such a criterion due, for instance, to minor blending effects.
A lower threshold for the probability cut is used at this stage than
for the star SED catalogue to boost the completeness of the sam-
ple. Stars are fit to a large set of synthetic stellar SEDs from Eu-
clid Collaboration: Serrano et al. (2024), spanning a wide variety
in effective temperature, surface gravity and metallicity. Milky
Way reddening correction is applied, using the value provided in
the MER catalogue with the assumption that each star lies be-
hind the dust screen. Phosphoros is again used for this task, as
described in EC:T26.

2.3.8. Near-infrared object processing

The final class of objects processed with Phosphoros are those
detected in the combined image built from the three NIR pass-
bands rather than the IE band, and this task is again unchanged
from Q1 (see EC:T26). Approximately one quarter of the EWS
objects are NIR-detected. A small fraction of such objects are
those that have been missed by the deblending algorithm applied
to the IE data, or are residual artefacts from the NISP image pro-
cessing. The majority, however, are objects with very faint op-
tical SEDs that are bright enough to be identified in the NISP
imaging. Such objects are a mix of cool Milky Way stars; heav-
ily dust-reddened galaxies; intermediate- to high-redshift galax-
ies with very low star formation; and very high-redshift galax-
ies and QSOs. The SED model set used in Phosphoros there-
fore includes examples of each of these object classes. Opti-
cally bright models are also included to enable the significance
of high-redshift solutions to be assessed with respect to lower-
redshift object classes. As high-redshift galaxies and QSOs are
particularly interesting classes of objects, the redshift grid is ex-
tended up to z = 10, with a coarser step size of δz = 0.05. For
the convenience of users interested in high-redshift candidates,
we provide the integrated probability of z > 6 for each source.

2.4. Deep tile pipeline

The processing function for EDF tiles follows very closely the
structure and flow of the main EWS pipeline described above.
The main differences are in the combinations of photometric
bands available, the container products used, and of course the
depths of the images used to measure the photometry. Deep
survey tiles in DR1 may contain DECam (g,r,i,z bands), HSC
(g,r,r2,i,i2,z bands), or both sets, in addition to Euclid photom-
etry (see Euclid Collaboration: Corcho-Caballero et al. 2026).
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Deep tiles without external bands are not processed by the PHZ
PF.

All available bands are used in most of the pipeline stages,
with the main exception being the classification step. In the
wide-tile pipeline all possible asinh-colour combinations are
used for classification, but two adjustments were necessary for
deep tiles. Firstly, the different generations of HSC filters, r, r2
or i, i2 are combined into a single band through inverse-variance
weighting. Secondly, it was found that using colours of the same
broad-band type (e.g., DECam i − HSC i) degraded classifica-
tion performance, and so such combinations are not used. The
result is a maximum of 62 asinh-colour features, corresponding
to the case where all DECam and HSC bands are available.

For the DR1 release, no shear catalogue products were ex-
pected in the deep fields, and the SED products from OU-PHZ
were therefore not required and not produced. The deep pipeline
also has two configuration differences with respect to the wide
pipeline: the addition of systematic flux errors was not included
in the photo-z determination; and the redshift grid for object de-
tections coming from the NIR image was extended to z = 12.
The only other difference in the content of the output products
is in the determination of galaxy physical properties, where we
output an additional table of 50 samples drawn from the individ-
ual galaxies’ posterior distributions. While it is not feasible to
output and store this vloume of data for the EWS, many scien-
tific applications will use such samples to capture the uncertain-
ties in the physical properties. The samples are an ordered set, in
the sense that the first value in the redshift vector column corre-
sponds to the same sample as the first value in the stellar mass
vector column and so forth.

2.5. Binning and n(z) pipelines

The products describing the redshift distributions, n(z), of the
cosmology samples will be released alongside the cosmology
data-vector products, such as the cosmic shear power spectra,
and are not part of the DR1-Foundation release. Here, we pro-
vide only a brief overview of the calibration procedure, as im-
plemented in the PHZ PF.

The basis of our calibration strategy was first proposed in
Masters et al. (2015), described in Euclid Collaboration: Mellier
et al. (2025), and will be detailed at the time of the full DR1
release (Euclid Collaboration: Wright et al., in prep.). Its core
component is the use of a self-organising map (SOM) to pro-
vide a mapping between the observed photometry of galaxies
in the cosmology samples and redshift. Since their first intro-
duction, SOM-based approaches to redshift calibration have be-
come commonplace in cosmology analyses (e.g., Wright et al.
2025a), and have evolved to take advantage of higher-quality
data or additional photometric bands within special deep fields
(e.g., Hartley et al. 2022). The EAFs are the designated fields to
provide redshift information for n(z) calibration for the Euclid
mission. They contain data of much higher S/N than the target
EWS, which allows us to add noise realisations that are repre-
sentative of the target objects. This step is performed through a
catalogue-based multi-passband transfer (MPT) function (Kang
et al. 2026).

Since the set of EAF objects with spectroscopic redshifts has
a different distribution in magnitude than the target EWS data
(somewhat brighter on average) and different abundance patterns
with respect to a fully representative sample, we use a second
SOM based on the deep photometric data. This second, deep,
SOM is used to infer p(z | f/ fIE ) and p( f/ fIE ) for the effectively
noiseless case of the deep fields, where f/ fIE is the vector of flux

ratios with respect to the IE band for the combined set of Euclid
and DECam bands. The redshift calibration sample that enters
the PHZ pipeline is then built by drawing from the deep photo-
metric data set, drawing a realisation from p(z | f/ fIE ) and adding
appropriate noise via MPT. In this sense, the pipeline operates in
a similar sense to the 2-SOM approach of Myles et al. (2021).
The final output product expresses the n(z) as a binned probabil-
ity density per cosmology sub-sample in intervals of δz = 0.01,
and contains metadata on the mean, variance, and respective es-
timated uncertainties of each redshift distribution.

3. Construction of reference data sets

The PHZ PF uses NNPZ to produce object-by-object outputs for
Euclid core cosmology and to determine the physical properties
of galaxies. Each of these operations requires a sample of refer-
ence objects. We describe the construction of the four reference
data sets, for photometric redshifts, galaxy physical properties,
and the SEDs of stars and galaxies, in the following subsections.
Our approach for galaxy physical properties is described in de-
tail in EC:E26, so we only provide here a brief overview of this
aspect.

3.1. Construction of the COSMOS-based reference sample

Any patch of sky we can observe should contain a set of galaxies
that are representative of those found across a wider survey area,
subject to the limitations of depth and sample variance. From
such objects we can build ideal training or reference sets for
machine learning algorithms, provided we can determine suit-
able ground-truth values for the quantities of interest. In prac-
tice, these values need not be an exact truth, provided they are
much more precise and accurate than could be obtained from the
wide-field data alone. This strategy underpinned the selection of
the EAFs (Euclid Collaboration: Scaramella et al. 2022) in the
Euclid survey design, targeting well-established deep fields that
were already rich in ancillary data.

A further requirement of the EAFs for the PHZ pipeline is
that their photometry is effectively noiseless in comparison to
the EWS, so that they do not add additional uncertainty in the
neighbour matching performed by NNPZ, can be degraded and re-
sampled where required (Kang et al. 2026), and can be adjusted
to account for the variety in reddening and passband through-
puts encountered across the EWS. For DR1, two of the PHZ
EAFs were observed: COSMOS (2 deg2) and the single point-
ing covering the Chandra Deep Field south (CDFS, 0.5 deg2).5
The Euclid COSMOS data we have available represent approx-
imately one-third of final target depth, at ∼ 3 times EWS S/N
depth, while CDFS was observed to full depth (5 times EWS
S/N depth). To complement the Euclid data, the organisation unit
for external data (OU-EXT) obtained, calibrated, and combined
the deepest broad-band data available for the two fields (Euclid
Collaboration: Corcho-Caballero et al. 2026), from HSC (Aihara
et al. 2018; Euclid Collaboration: McPartland et al. 2025) and
DECam (Hartley et al. 2022, and references therein), and these
were subsequently processed through the MER PF deep pipeline
alongside the Euclid data (Euclid Collaboration: Kümmel et al.
2026). In order to build a reference sample from the MER cata-
logues, we require precise redshift information and the means to
match the reference galaxies to EWS objects appropriately. No

5 A third EAF released in DR1, the AEGIS field, is designated a colour
gradient calibration field and no EXT data were prepared in this field.
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suitable external catalogues were available for the CDFS field
and so the reference samples are based on COSMOS alone.

3.1.1. Photometric redshifts in the COSMOS EAF

The COSMOS field is the richest and most heavily observed
square-degree-scale field on the sky, containing deep images in
more than 30 photometric bands that are able to support pho-
tometric redshifts at 1% precision down to the depths required
for the EWS (Weaver et al. 2022). Of particular importance
are the medium-band observations taken with the Subaru tele-
scope (passbands with widths 30–60 nm Taniguchi et al. 2015),
which enable the tight localisation of strong break features out
to z ≃ 1. The Euclid COSMOS catalogue does not contain
these data in DR1, and so our approach to determining the pre-
cise redshifts we need for NNPZ is to use the COSMOS2020
catalogue of Weaver et al. (2022) and then cross-match these
measurements to the Euclid objects. While cross-matching car-
ries the risk of misidentification and is impacted by blending in
the ground-based COSMOS2020 data, it nevertheless produces
higher-quality reference data than could have been achieved with
the broad-band-only Euclid DR1 catalogue within the available
timescale.

To measure photo-z for the COSMOS galaxies we begin with
the classic SExtractor catalogue from COSMOS2020 (Weaver
et al. 2022), removing all objects with FLAG_COMBINED set,
which reduces the sample to 723 896 objects. The bands used
for this part of the pipeline work are listed in Table B.1 (found
in Appendix B) with the exception of IRAC channels 1 and 2,
which are used for galaxy physical properties but not photo-z
as better photo-z performance was achieved without them. Also
listed in Table B.1 are per-band systematic flux uncertainties that
are multiplied by the object flux and added in quadrature with
the measured uncertainties. These systematic errors compensate
for a multitude of possible defects, including varying zero points
across the field, possible background offsets, and residual mis-
calibration of photometric zero points following the calibration
procedure (detailed in Appendix B).

Redshift probability distributions for each object are com-
puted with Phosphoros, using a similar template space to that
of the Q1 release, but extended to a maximum redshift of z = 10
and on a finer grid of internal reddening. We use the 33 tem-
plates from the COSMOS library of Ilbert et al. (2009) includ-
ing two exponentially declining star-formation history models
from Bruzual & Charlot (2003), with two interpolated SEDs be-
tween each neighbouring pair in the type-ordered list and two
prescriptions for emission-line strengths for a total of 192 SEDs.
Reddening is allowed to take values up to E(B − V) = 0.51, in
steps of 0.03, with five dust laws: an SMC curve from Prevot
et al. (1984) and the Calzetti et al. (2000) dust law with three
prescriptions of the λ = 217.5 nm bump, or no bump (see the
Phosphoros documentation6 for details). For IGM attenuation,
we apply the recipe of Meiksin (2006). The two emission-line
prescriptions we use follow empirical line ratios and are based on
the Kennicutt (1998) relation, between the UV luminosity from
the template and Hα line flux, at 100% and 60% strength. The
choice for line strengths was determined alongside photometric
zero-point correction factors.

A standard method for testing the calibration of zPDFs for a
statistical sample is through the use of probability integral trans-
forms (PIT, Dawid 1984; see also Sect. 4.3). Following the pre-
vious steps, the PIT test of the COSMOS zPDF still showed ev-

6 https://phosphoros.readthedocs.io/en/latest/

idence of some mis-calibration. This is a common occurrence,
caused by underestimated photometric uncertainties, which of-
ten neglect the correlations between image pixel values. We find
that the photometric errors in the COSMOS2020 catalogue need
to be increased by 20%, and provide some further details of
the determination of this value in Appendix C. Finally, we used
the Phosphoros SED prior functionality to remove the implicit
prior on rest-frame SED type that comes from the relative abun-
dance of different template types and to apply a weak volume
prior with effectiveness value of 0.3 (see the Phosphoros docu-
mentation for details of prior effectiveness).

Once the zPDFs are determined, we trim the COSMOS ref-
erence data to the set required for each task. This includes re-
moving stars and bright AGN based on the COSMOS catalogue
information, magnitude cuts in the case of the wide reference
samples (allowing the union of IE < 26 and HE < 25), and the
removal of a small number of objects with a high probability
of being at z > 6, since their zPDF becomes meaningless once
truncated at z = 6.

3.1.2. Reddening correction and UNIONS broad bands

The Milky Way dust reddening in the COSMOS field is low
[E(B−V) ≃ 0.017], but non-zero. Furthermore, the Euclid COS-
MOS catalogue contains photometry in the DECam and HSC
bands, but not the two CFHT bands (u and r) or Pan-STARRS i
band that are present in the UNIONS set of northern surveys. In
order to use NNPZ to transfer the high-quality redshift informa-
tion from the COSMOS field to the EWS we must first determine
reddening-free fluxes in all the relevant bands of the EWS, EDF,
and EAFs.

The CFHT u-band is present in the COSMOS2020 cata-
logue, but not in the Euclid catalogue. To use the flux values
from the COSMOS2020 catalogue in the reference sample we
therefore first make adjustments for any differences in aperture
flux-loss corrections. For each object, we perform a χ2 minimi-
sation between the HSC fluxes in the COSMOS2020 catalogue
and those in Euclid catalogue, and derive the SED amplitude
factor to be applied to the CFHT u-band flux. We then import
these corrected u-band fluxes directly into the reference sample
catalogue.

For reddening corrections and to produce fluxes for the re-
maining two UNIONS bands, CFHT r-band and Pan-STARRS
i-band, we use Phosphoros to determine SED-dependent fil-
ter transformations for each object. We use the same SED set-
up as in the COSMOS2020 photo-z run and compute redden-
ing correction factors based on the best-fitting SED for each of
the objects and bands present in the Euclid catalogue. The co-
efficients required by NNPZ to redden the reference sample pho-
tometry during neighbour matching are also determined at this
time. Finally, per-object band-transformation factors to convert
the HSC r2 to CFHT r and HSC i to Pan-STARRS i are com-
puted from the best-fit SEDs and applied.

3.1.3. Effective redshift prior in COSMOS

COSMOS is the only field that we use to build the reference
data products in DR1, and thus, because the abundance of ob-
jects in the reference sample acts as a prior in NNPZ, we can
expect that the sample variance from the cosmic line-of-sight
structure in COSMOS will become subtly imprinted across the
whole EWS sample. To mitigate the impact of this implicit prior
we estimate and apply a function to determine a set of redshift-
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dependent weights that, when applied to the reference sample
objects, should suppress the sample variance of the COSMOS
field. In practice, only an approximate solution is possible with a
single field, and an improved method will be employed once we
have all four EAFs in DR2.

We start with the assumption that over- and under-densities
are narrow in redshift and therefore that a coarsely binned his-
togram of redshifts will be largely free of such sample vari-
ance issues. In analyses of COSMOS data concerning stellar
mass functions or clustering measurements, redshift bin widths
of∆z = 0.2 or greater are often used for this reason (e.g., Pozzetti
et al. 2010) and so we adopt the same value for the bin spac-
ing. Reference sample objects are first binned by their total HE

magnitude as over or under-abundance in galaxy number density
follows galaxy bias. At fixed redshift NIR brightness correlates
well with stellar mass and hence bias and so neglecting the mag-
nitude dependence will lead to over- and under-correction of dif-
ferent sub-populations. Next, we form the coarse-binned redshift
histogram for each magnitude sub-sample, and fit a cubic spline
through the mid-points of the bins, anchored to zero at z = 0 and
10. These smooth curves represent the target prior distribution.

To remove the fine-scale sample variance, we build fine-
binned redshift histograms with bin size, ∆z = 0.025, in each
magnitude interval. We take the ratio of the fine-binned his-
togram to the spline curves as the over or under-abundance in
a given redshift interval. This 2-dimensional set of ratios (in
magnitude and redshift) is then used to build an interpolation
function and each reference sample object is given a weight ac-
cording to its magnitude and maximum posterior redshift value.
In practice the weights are truncated at values 0.25 and 4, to
avoid amplifying noise. The target prior and impact of the new
prior weights can be seen for two of the magnitude intervals in
Fig. 2. Strong, well-known structures in the COSMOS field can
be seen in the unweighted redshift histograms (lighter-coloured
lines) at redshifts z of 0.35, 0.7 and 0.9. While clearly not per-
fect, the weights reduce the degree of sample variance present in
the reference sample. Nevertheless, we still see some impact of
the COSMOS cosmic structure in the pipeline output products
(see Sect. 5).

The COSMOS2020 catalogue lacks sufficient examples of
most intrinsically-rare object classes, such as bright objects, low-
redshift galaxies and the most highly biased objects in the Uni-
verse. These ‘missing’ objects are due to the small size of the
field, its selected location on the sky, and the saturation limits
of some of the main optical broad bands. Missing such objects
from the reference sample will effectively prevent us from being
able to determine redshifts and other properties for the bright-
est galaxies, despite the flexibility introduced by the amplitude
prior. To mitigate this issue, we produce a small number of aug-
mented objects, at a rate of less than 1% of the size of the refer-
ence sample, to replace the ones that should exist in the parent
COSMOS2020 catalogue. These augmented objects are chosen
to be at low redshift (z < 0.1), where the sample has very few
objects, and to fill in the magnitude range, 16 < i < 18, at a
rate that would extend the natural slope of the number counts
brighter than 18th magnitude. They are drawn from the exist-
ing COSMOS objects at those redshifts and simply boosted in
terms of their SED amplitudes. This simplified solution will be
replaced in future releases by the use of the EDFs to sample rare
objects.
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Fig. 2. Sample variance suppression in the COSMOS reference sample
for two HE magnitude ranges: 17 < HE < 21 (top) and 23 < HE < 24.5
(bottom). Curved lines show the target distribution, while the heavy and
light histograms show the weighted and unweighted redshift distribu-
tions of the reference data, respectively.

3.1.4. Galaxy physical property reference sample

Details of the production and validation of the measurements
of galaxy physical properties, such as stellar masses and star-
formation rates are provided in EC:E26. Here, we provide a very
brief overview for completeness. We construct a set of 65 538
stellar population synthesis (SPS) template SEDs drawn from
a 6-dimensional Halton sequence (Halton 1960) in the space
of redshift, metallicity, dust reddening and star-formation his-
tory (SFH) parameters, with delayed-exponential SFH and two
dust laws, as used in the Q1 pipeline and described in EC:T26.
The SEDs are produced with the Bagpipes package (Carnall
et al. 2018) and output in ASCII format with metadata added for
use in Phosphoros. We draw 50 values from the photo-z poste-
rior distribution of each reference sample galaxy. Phosphoros is
then run in fixed-redshift mode for each sample, forbidding so-
lutions that imply an onset of star-formation earlier than the Big
Bang for the observed redshift. A single draw from the marginal
p(SPS | z) is taken and derived parameters, such as stellar mass,
are computed. The result of this process is a sparsely sampled
joint posterior in redshift and galaxy rest-frame properties de-
scribed by 50 samples per object. During the post-release analy-
sis of the Q1 data, we found that including a prior on the age of
the SFH to disfavour very young galaxy ages improved the mea-
surements (Euclid Collaboration: Enia et al. 2026b). We retain
this age prior in the reference data.
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3.2. Galaxy SED reference sample

The third reference sample of galaxies we build for the DR1 PHZ
PF is for the purpose of estimating the detailed SEDs of galaxies
through the wavelength interval covered by the IE passband. The
target features in this case are the 10 nm-resolution sampling of
the SED in units of µJy. Methods to estimate these 10 nm-spaced
fluxes were explored in Euclid Collaboration: Tarsitano et al.
(2026), including a purely data-driven method and a template-
assisted interpolation between existing photometric data. Nei-
ther method was able to produce SEDs at the accuracy required
for DR3, motivating additional future data collection and pos-
sible combined methods for SED reconstruction. For the DR1
PHZ PF, we use a template-based interpolation approach which
is suitable at DR1 precision over most of the redshift range of
interest.

For each object we begin with the best-fit SED found when
building the main photo-z reference sample (Sect. 3.1.1). Next,
we identify the pairs of medium-bands from the 12 available
in the COSMOS field whose effective wavelengths bracket each
of the 55 target wavelengths chosen to represent the SEDs (see
Sect. 2.3.5). For each target wavelength we then have two mea-
sured medium-band fluxes, two SED-predicted medium-band
fluxes, and the flux of the SED at the target wavelength. Similar
to how we determine the UNIF fluxes (see Sect. 2.3.4), we there-
fore have two predictions for the target wavelength flux, based
on the ratio of medium-band fluxes between the catalogue and
template SED

fλ = fλ,SED
fMB,obs

fMB,SED
, (4)

where fλ corresponds to the target pseudo-narrow-band flux
at wavelength λ and the subscript MB refers to one of the
medium-bands identified as bracketing the target wavelength.
SED and obs refer to fluxes from the template SED and mea-
sured fluxes respectively. Finally, a weighted average of the re-
covered fluxes from the two medium-band predictions is made,
where the weights use the inverse of the distances in wavelength
from the medium-bands to the target wavelength.

While this method has been shown to work well on aver-
age over a large number of simulated objects, the noisy observed
medium-band fluxes can result in unphysical SEDs (and thus un-
physical PSF models), especially in the cases of negative mea-
sured fluxes. To remedy this issue we use the best-fit SED tem-
plate as part of a regularisation. Our desired behaviour is that
at high measured S/N in the medium-bands, the template SED
has no impact, while at low S/N it acts to prevent large differ-
ences between fλ and fλ,SED, and in particular to prevent negative
fluxes in the final SED. This is implemented by computing the
inverse-variance weighted average flux between the interpolated
flux described above and the SED, using a fixed S/N = 3 for the
direct SED fluxes. Negative estimated fluxes are set to S/N = 0.
This essentially ignores the fluxes measured at less than 3σ and
replaces them with the model fluxes, with a smooth transition
between measured and mode fluxes.

3.3. Star SED reference sample

The reference sample of stellar SEDs is built from internal on-
the-fly (OTF, Euclid Collaboration: Ruffenach et al. 2026) data
covering the dedicated PSF fields to allow its use in PSF mod-
elling ahead of the main DR1 production. For the source of truth,
the Gaia spectrophotometers BP and RP are used, as they cover
the full wavelength range required for the SEDs with excellent

relative flux calibration (Gaia Collaboration: Vallenari, A. et al.
2023). From the PSF fields, all Gaia objects classified as stars
with a continuous spectrum in the Gaia EDR3 archive7 are taken
and their BP–RP spectra constructed using the GaiaXP package
(Gaia Collaboration: and Montegriffo, P. et al. 2023). These ob-
jects are then matched to the MER OTF catalogues using the as-
sociations determined as part of the MER PF. In addition to the
spectrophotometry, the best-fit stellar parameters are collected
from the Gaia archive, and model SEDs are built by interpolat-
ing between the same set of stellar model SEDs as used in the
pipeline star template fits (Sect. 2.3.7).

The Gaia spectra and models each provide estimates of the
stars’ SEDs, which we evaluated at 10 nm intervals to match how
the galaxy SEDs are expressed. Model and synthetic broad-band
fluxes are also obtained by integrating the appropriate passband
over the models and Gaia spectra. Naturally, u-band and NIR
fluxes cannot be measured from the Gaia spectra and so only
model fluxes are available. The reference sample is constructed
from the combination of the synthetic broad-band fluxes and
sampled SEDs, giving priority where possible to the latter, mean-
ing that model fluxes are used only for the u and NIR bands.

We make the assumption that the diversity of stellar types
and Milky Way reddening in the reference data set is sufficient
for the purpose of determining SEDs for DR1. Without a full
3-dimensional model of the dust distribution there is little other
choice we can make. However, given the stringent constraints
on the wavelength dependence of the PSF model (Cropper et al.
2013) this assumption may not hold at DR3 accuracy levels and
investigation into improved solutions is underway.

4. Performance and validation

In this section we describe the criteria that we use to determine
the scientific validity of the data, the principal reasons for fail-
ures in data quality, and the survey area lost as a result. This
is followed by an assessment of the performance of the tile-by-
tile products that will be used in cosmology analyses, namely
the photo-z, SED products, and classification. As previously
stated, validation of the galaxy physical properties is presented
in EC:E26 and the other products are essentially unchanged with
respect to Q1 (EC:T26).

4.1. Validation strategy

The final step in the production pipeline is the generation of
analysis and validation reports of the inputs and outputs of the
pipeline. These form the basis of our tile-by-tile validation pro-
cess and are broken down into subsections dealing with differ-
ent technical and scientific aspects of the data. Each subsection
consists of a set of pre-defined quality gates that can result in ei-
ther a pass, an automatic failing condition, or an intermediate la-
bel with warnings for near-failing conditions or ‘dubious’ cases
requiring a human-made decision. These dubious cases can be
considered as soft-fail conditions that might still represent valid
output, depending on the specifics of the area of sky they cover,
for example regions of higher stellar density. Criteria were set
such that data are declared valid if they serve some scientific
purpose and do not guarantee that data are valid for all possible
science cases. The major sections of the validation reports deal
with the following aspects.

– The input MER catalogue product, assessing the depth of the
2FWHM_APER measurements, a test of the band-to-band pho-

7 https://gea.esac.esa.int/archive/
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Fig. 3. Maps of the PHZ validation for EWS tiles. Each tile is repre-
sented by a square, with the colour providing the status and reason for
invalidation. See Sect. 4.2 for further details of the meaning of the PHZ
invalidation codes.

tometric zero-point accuracy, the number and combinations
of missing photometric bands, and the area and source den-
sity of objects in the tile.

– Classification performance, assessed via number counts and
quantiles of colour distributions with respect to reference
data for different magnitude cuts. Since the classification is
based purely on photometric information, the morphological
information provided in the MER output catalogue is also
used to assess the performance of the star classification.

– Performance of the photo-z, both in terms of point estimates
and the dispersion of their zPDFs, based on metrics such as:
the similarity of the mean of the main peak and median of
the zPDF; redshift distribution of these point estimates with
respect to the COSMOS reference data; 1σ, 2σ, and 3σ cred-
ible interval statistics; and the χ2 statistic reported by NNPZ.

– Technical tests of the contents of all output catalogues and
some simple galaxy physical property checks without failing
conditions. These two tests were added during re-delivery of
the EDFs data products and so correspond only to those tiles.

It is worth reminding the reader that during this tile-by-tile
validation we do not have access to truth values, such as spectro-
scopic redshifts, for any of the galaxies and rely on population-
level comparisons with reference data. Sample variance on the

scale of a single MER tile, especially in the EDFs, is consider-
able and thus our validation criteria are set to be loose enough to
allow for this variance. Assessment of the pipeline performance
with respect to spectroscopic redshifts and other labelled data is
the subject of the subsections that follow.

In addition to our own validation criteria, we also take ac-
count of the validation performed by both the OU-MER (Eu-
clid Collaboration: Kümmel et al. 2026) and OU-EXT (Euclid
Collaboration: Corcho-Caballero et al. 2026) teams. Because
the MER catalogue is used as part of the inputs for the Euclid
spectroscopy products created by OUs for spectral near-infrared
(SIR) and spectroscopy (SPE), their catalogues are validated and
published regardless of any issues identified in the optical broad-
band photometry, to prevent breaking the lineage of the data
products. We therefore incorporate the quality assessment per-
formed by those teams into the PHZ validation. Tiles effectively
invalidated by these two OUs are labelled as EXT/MER in Fig. 3.

4.2. Validation failure modes

The most common failure modes in the validation correspond to
cases of absent Euclid data, such as near the edge of the sur-
vey footprint where data from one of the instruments exist but
not the other. There are also cases where either the VIS or the
NISP data did not pass the initial quality criteria, or were invali-
dated during Level 2 processing by OU-VIS or OU-NIR (Euclid
Collaboration: McCracken et al. 2026; Euclid Collaboration: Po-
lenta et al. 2026). These cases correspond to the ‘few valid VIS
objects’ and ‘missing NISP’ invalidation criteria shown in Fig. 3.
While individual objects are flagged where data are missing, and
can thus be removed from scientific analyses, having too large
a fraction of such objects in a single tile makes the pipeline un-
reliable for steps such as the flux imputation and identification
of sufficient stars for PSF modelling. In particular, the classifi-
cation step in the main production pipeline uses the collection
of objects in the tile as an effective training sample during the
imputation of missing photometric data.

For similar reasons we also invalidate tiles that have ex-
tremely small areas (typically, < 0.01 deg2). They often also
have incomplete photometry that requires imputation , but also
a small number of objects available for this task, leading to poor
results. It was determined during the preparation of the Q1 re-
lease that losing the small fraction of area that is affected by this
issue is preferable to publishing data with different and often pe-
culiar behaviour at the edges of the survey regions. The marginal
additional loss in area through excluding heavily incomplete tiles
or those with very small area is minor: just 1% of the DR1 EWS.

Once cases of incomplete data coverage and the small frag-
ments of tiles on the edge of the footprint have been accounted
for, only 0.5% of tiles are invalidated due to anomalies in the
PHZ processing. Among these cases, only apparent issues with
the star classification are numerous enough to warrant a sep-
arate mention in Fig. 3. These tiles have a significant fraction
of high-S/N objects that are confidently classified as stars from
their photometry, but also have a low probability to be point like
according to morphological measurement from the MER cata-
logue. These may be blended objects, misclassified galaxies, or
problems with either the measured photometry or data imputa-
tion. Regardless of the root cause, we consider the PHZ outputs
for these tiles to be unreliable. Most of the remaining invalid
tiles were rejected because they differed too greatly from one or
another of the reference data sets. For example, a few tiles were
flagged because the n(z) histogram of their mode photo-z values
had far too many high-redshift galaxies, especially correspond-
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samples and flux-limited photometric samples considered during the
photo-z validation, as listed in the legends. The upper panel shows dis-
tributions in IE magnitude, and the lower panel shows HE distributions.
The vertical dotted lines in the lower figure are the HE-band flux limits
considered for the EWS.

ing to known degeneracies in the colour space of galaxies; or
because the photometric zero-point check suggested that one or
more of the zero points was wrong by as much as 0.5 mag.

4.3. Photo-z performance

The metrics by which a set of photometric redshifts are assessed
relative to some set of assumed truth values, that is, spectro-
scopic redshifts, are now fairly standard in the literature (e.g.,
Sánchez et al. 2014; Salvato et al. 2019; Euclid Collaboration:
Desprez et al. 2020; Schmidt et al. 2020). To assess the per-
formance of the DR1 photo-z we employ the following set of
metrics (see also EC:T26), where δz is the scaled difference
between the photo-z point estimate and spectroscopic redshift,
δz = (zphot − zspec)/(1 + zspec),

– fraction of outliers, with |δz| > 0.15;
– mean scaled bias, ⟨δz⟩;
– median scaled bias, med(δz);
– σ68, the central 68-percentile range of δz in the sample;
– normalised median absolute deviation,

NMAD = 1.48 med(| δz −med(δz) |);
– fraction of objects that are outliers in the sense that the true

redshift lies outside of the central 99.8% interval of their
zPDF;

– the Kullback–Leibler (KL) divergence of the histogram of
probability integral transform (PIT) values with respect to
a flat distribution, where the PIT is simply the cumulative
redshift distribution function evaluated at the true redshift;

– and the average integrated probability within either 0.05 (F-
005) or 0.15 (F-015) in redshift of some assumed value, ei-
ther the spectroscopic redshift or photometric redshift point
estimate (Euclid Collaboration: Desprez et al. 2020).

We further quote point redshift metric values after exclud-
ing outliers, as is common in the deep galaxy survey literature.
While this will tend to produce unrealistically optimistic perfor-
mance, it can nevertheless be useful and informative in under-
standing the bias and spread around the true value for ‘good’
galaxies. Furthermore, wrong spectroscopic redshifts and mis-
classified objects (including strong AGN) often produce out-
liers in point redshift estimates that cloud the assessment of
the performance for normal galaxies. Similarly, the KL diver-
gence of the PIT histogram is computed for objects with values
0.001 < PIT < 0.999, so as to quantify the distribution of non-
outliers. Otherwise, the KL divergence would be driven to first
order by the strength of the outlier peaks and provide effectively
the same information as the outlier fraction.

4.3.1. Wide tile performance

Our aim is to assess the performance of the photo-z for possi-
ble galaxy samples to be used in the 3×2pt photometric cosmol-
ogy analysis, including a baseline IE < 24.5 selection, and other
magnitude-limited samples. These samples are intended to pro-
vide the reader with a sense of how photo-z precision and accu-
racy depends on flux limit, and thus inform their science sample
selection. Unfortunately, complete spectroscopic samples with
pure magnitude limits at the depth of interest for Euclid do not
exist. Instead, we can take two approaches: give spectroscopic
objects weights such that their weighted distribution in magni-
tude matches a target flux-limited distribution (see, e.g., Bonnett
et al. 2016); or use accurate photometric redshifts in place of
spectroscopic redshifts as the source of truth, for example using
the photo-z from the COSMOS field. We employ both of these
methods to assess performance and consider the north and south
regions of the DR1 footprint separately, differentiating also be-
tween the two combinations of bands in the north part of the
survey, with or without u-band photometry.

The spectroscopic compilations we use for the purpose of
measuring photo-z quality metrics are detailed in Saulder et al.,
(in prep.). Data sets were included on the basis that they contain
internal quality flagging information sufficient to remove most
of the poor redshifts, and a median of the acceptable redshifts
is used in the cases where multiple solutions exist for a single
object. Nevertheless, a small but unknown fraction of the spec-
troscopic redshifts are likely to be incorrect, especially for the
largest data sets containing only automated spectroscopic de-
terminations, namely DESI (DESI Collaboration: Aghamousa,
Amir et al. 2016) and PRIMUS (Cool et al. 2013). Moreover,
the incorrect fraction can be expected to rise at the faintest mag-
nitudes within any given data set, where the S/N of the data are
lowest. We are unable to account for any such incorrect spectro-
scopic redshifts and so our results should be read as a lower limit
to the overall performance of the measurements.

From the spectroscopic compilation, we take objects with at
least one good redshift measurement and use the median of the
spectroscopic determinations as the true redshift. We then re-
move any objects spectroscopically identified as stars or QSOs.
Such objects will be removed from the cosmology samples, as-
suming they can be identified, and QSOs or other AGN are
often specifically targeted in spectroscopic campaigns, leading
to an over-representation in the aggregated sample (and hence
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Fig. 5. Photo-z point estimates (given as the median of the zPDF) versus spectroscopic redshifts for galaxies in the EWS. The colour bar shows the
weighted density of objects, where the weights have been determined to match the magnitude distribution of a flux-limited 17 < IE < 24.5 galaxy
sample. The solid red line shows the 1:1 relation, while the dashed lines show the standard definition for outliers, z ± 0.15(1 + z). The left-hand
panel focuses-in on the area of the right-hand panel outlined by the dashed blue box.

Table 2. Weighted summary statistics by magnitude limit for photometric redshifts in the EWS. Samples are further split by survey region (north
or south) and, in the north, by the presence or absence of u-band data.

17 < IE < 24.5 17 < IE < 24 17 < HE < 22 22 < HE < 23.5
EWSa COSMOSb N w/ u N w/o u S N w/ u N w/o u S N w/ u N w/o u S

N spectra 191 169 100 593 77 392 69 728 42 656 67 827 65 497 37 859 10 588 4542 6382
Neff 7726 92 592 3405 3844 7548 13 938 7758 19 729 1943 1106 4106
Outlier frac. 20.16% 21.75% 13.10% 18.53% 12.50% 7.12% 9.07% 7.61% 19.15% 28.55% 19.13%
Mean bias −0.064 −0.097 −0.034 −0.047 −0.047 −0.007 −0.005 −0.014 −0.058 −0.088 −0.072
Median bias −0.001 −0.006 −0.004 0.002 0.002 0.002 0.005 0.003 −0.010 −0.009 0.001
σ68 0.094 0.106 0.068 0.090 0.065 0.043 0.050 0.044 0.085 0.136 0.090
NMAD 0.072 0.080 0.054 0.066 0.054 0.038 0.044 0.039 0.068 0.098 0.076

Outlier removed stats
Mean bias 0.002 −0.001 −0.003 0.004 0.003 0.001 0.005 0.004 −0.008 −0.0012 0.003
Median bias 0.004 0.000 −0.001 0.006 0.005 0.002 0.006 0.004 −0.007 0.000 0.005
σ68 0.056 0.059 0.048 0.052 0.049 0.037 0.042 0.037 0.052 0.061 0.059

zPDF metrics
PDF outliers 5.41% 3.90% 5.97% 9.95% 5.34% 6.13% 8.17% 5.33% 6.14% 9.38% 3.23%
KL-div. (Nats) 0.014 0.017 0.036 0.075 0.007 0.009 0.0421 0.007 0.054 0.107 0.007
F-005 (phot) 0.602 0.571 0.725 0.715 0.671 0.812 0.797 0.777 0.679 0.625 0.547
F-015 (phot) 0.854 0.847 0.927 0.908 0.903 0.968 0.954 0.958 0.893 0.850 0.830
F-005 (spec) 0.404 0.386 0.509 0.460 0.485 0.628 0.580 0.603 0.445 0.359 0.375
F-015 (spec) 0.723 0.710 0.817 0.767 0.808 0.907 0.878 0.889 0.753 0.655 0.707

Notes. The point estimate used here is the median. Statistics are computed for the full sample, and in the case of point estimates also after excluding
outliers. The different subsurvey regions are shown separately, where possible. (a) Due to the magnitude-dependent weighting, the statistics are
dominated by a relatively small number of spectroscopic objects in a EWS-like pass of the EDF-F. (b) The Euclid data in the COSMOS EWS-like
processing are slightly shallower than typical for the EWS due to the higher background.

pessimistic performance in galaxy photo-z). Some QSOs and
strong AGN will remain in the spectroscopic sample, however,
since not all spectroscopic surveys provide flagging informa-
tion to identify them. We also perform object selection based on
the Euclid products, as we would for scientific analyses. These

cuts comprise the rejection of spurious sources, objects falling
in masked areas (Euclid Collaboration: Odier et al. 2026) and,
in the case of IE flux limits, a compactness criterion to remove
point-like objects.
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The magnitude distributions of the selected spectroscopic
objects for the EWS north and south regions are shown in Fig. 4,
alongside those for flux-limited wide samples and two deep
fields, EDF-F and EDF-N. Four flux-limited samples are consid-
ered when computing performance metrics for the EWS: an IE-
selected sample at the nominal Euclid target depth, IE < 24.5; a
slightly brighter and highly complete IE sample, IE < 24; a bright
HE-selected sample, suitable for galaxy clustering and galaxy–
galaxy lensing measurements, HE < 22; and a faint HE-selected
sample reaching approximately the HE-band completeness limit,
22 < HE < 23.5. Computed values of the performance met-
rics for these four samples are given in Table 2, where we have
further split three of the samples into three different sub-survey
regions, depending on the photometric configuration (DES or
UNIONS) and the availability of u-band data.

Comparison of the median photo-z for each spectroscopic
object against the assumed true redshift for the nominal-depth
sample is shown in Fig. 5, where the colour represents the
weighted sample density with a logarithmic scale. The larger
scatter in Fig. 5 when compared to the equivalent plot for Q1
in EC:T26 is due to the magnitude weights we have applied; in
fact, the scatter in DR1 is lower than that in Q1 when calculated
in similar conditions. One specific area of improvement worthy
of note is the much reduced group of outliers at zspec ≃ 0.6 and
zphot ≃ 0.2. This is due to the implicit prior in galaxy type, mag-
nitude, and redshift that is imposed through the use of NNPZ and
a representative reference sample.

Table 3. Unweighted summary statistics for EDFs and EAFs, as listed.

EDF-N EDF-F AUX
(COSMOS + CDFS)

No. spectra 28105 34018 44344
Outlier fraction 4.14% 6.82% 4.02%
Mean bias −0.007 −0.005 −0.008
Median bias 0.001 0.001 0.002
σ68 0.037 0.040 0.022
NMAD 0.033 0.035 0.018

Outlier removed stats
Mean bias −0.003 0.001 0.004
Median bias 0.000 0.001 0.002
σ68 0.034 0.035 0.020

zPDF metrics
PDF outliers 14.62% 17.51% 16.40%
PIT KL-div. (Nats) 0.050 0.061 0.093
F-005 (phot) 0.852 0.850 0.933
F-015 (phot) 0.982 0.966 0.986
F-005 (spec) 0.706 0.675 0.819
F-015 (spec) 0.938 0.906 0.950

Notes. The point estimate used here is the median. The magnitude limit
in each case is HE < 25.5.

Figure 6 shows histograms of PIT values for selected sub-
samples (remaining subsamples omitted for clarity of display).
Perfect performance for the zPDFs is represented by the hori-
zontal black dotted line, and the fraction of PDF outliers can
be readily appreciated by the heights of the first and last his-
togram bars. In addition to the spectroscopic samples, we also
compute metric values for an EWS-like processing of the COS-
MOS field, created specifically for validation purposes. Images
emulating the EWS were compiled from the available Euclid
and DECam data, with the caveat that COSMOS lies in a re-
gion of the sky with high zodiacal light and so the delivered Eu-
clid depths are slightly shallower than the DR1 EWS. The best-
estimated photo-z from the COSMOS2020 CLASSIC/LePhare
catalogue (Weaver et al. 2022) are used as the truth values.

At the nominal Euclid depth, IE < 24.5, both the spectro-
scopic and COSMOS samples report similar performance for the
point estimates of photo-z (taken as the medians of the zPDFs).
At around 20%, the outlier fraction of point estimates is twice the
mission design requirement, and the dispersion around the 1:1
line also falls short of the DR3 requirement of 0.05, at 0.07–0.08
for NMAD and 0.1 for σ68. While each sample may suffer from
a low level of catastrophic failures in the truth values, the sim-
ilarity of the metric values suggests that they are not far from
the truth. Indeed, a similar analysis was carried out using data
from COSMOS before mission launch in Euclid Collaboration:
Desprez et al. (2020), with very similar results for the 30-band
photo-z validation scores. The DR1 performance, while some-
what below our end-of-mission target, is consistent with pre-
launch expectations.

The situation is not as pessimistic as these metrics may
first suggest, however. Firstly, a purely Gaussian dispersion with
σ = 0.1 would lead to an outlier fraction of 13% under our def-
inition, |δz| > 0.15, meaning that the fraction of genuine catas-
trophic outliers (such as those resulting from a confusion be-
tween strong breaks in their SEDs) is likely to be under reason-
able control. Moreover, the dispersion of photo-z point estimates
around their true values is driven by several factors, including the
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behaviour for perfectly calibrated zPDFs.

number and wavelengths of the photometric bands, the depths of
the photometric measurements, and the quality of the photomet-
ric calibration. The impact of these factors can be seen in the
slightly brighter sample, IE < 24, where we are able to separate
the sample into the three sub-survey regions.8 Object number
counts are still quite steep at these depths, and the change in
magnitude limit represents close to a 60% increase in average
S/N. This increase in the photometric precision results in a cor-
responding reduction of around 30% in photo-z dispersion for
DR1-South, to the point that the metric values are close to meet-
ing the pre-launch requirements.

The impact of the inclusion of u-band data can be seen from
the two sub-regions of DR1-North. The additional band reduces
the outlier fraction by five percentage points and the dispersion
by around 20%. By mission end, the full survey area will be cov-
ered by u-band data and the S/N of the photometry in the south-
ern hemisphere will be substantially increased through switching
to data from Rubin-LSST (Ivezić et al. 2019). The northern area
external data will also see an improved homogenisation and may
support photo-z at the level of the mission requirements even if
the formal depth requirement cannot be met in all bands.

Regarding the calibration of the zPDFs, the performance we
see across the EWS samples in terms of the flatness of the PIT
distribution is rather good (Fig. 4 and KL-divergence in Table 2),
and compares favourably with the pre-launch data challenge pre-
sented in Euclid Collaboration: Desprez et al. (2020, their fig-
ure 7). The main exception is the case of the DR1-North where
no u-band data are available. The samples discussed thus far
provide only limited information on the magnitude dependence
of the calibration of the zPDFs, and so we complement those
metrics with an alternative expression of the calibration quality
in Fig. 7. Here, we compute the fraction of objects with spec-
troscopic redshift lying within the central 68-percentile range
( 15.9–84.1 %) of the respective zPDF, Frac68, within narrow
intervals in IE magnitude (see also, Saxena et al. 2024, their
figure. 7). Uncertainties are computed through bootstrap resam-
pling. This Frac68 value is equivalent to the integral of the PIT
distribution over the same percentile range, with a value of 0.682
at all magnitudes representing perfect behaviour. The magnitude
dependence is weak, and thus we can conclude that the calibra-

8 The spectroscopic compilation contains virtually no good spectro-
scopic objects at 24 < IE < 24.5 in the northern hemisphere of DR1.

tion of our zPDFs is of similarly high quality across the broad
range in galaxy brightness.

4.3.2. Deep tile performance

Forming weighted spectroscopic samples to approximate flux-
limited data sets at EDFs depths is impractical and would result
in an extremely small effective sample size. Instead, we com-
puted unweighted metrics for the available spec-z samples for
the cases of the EDF-N, EDF-F, and the combined set of the two
photo-z EAFs: CDFS and COSMOS. Relative to a pure flux-
limited galaxy sample, the metrics computed in this way are
rather optimistic and better reflect quite bright galaxies. Nev-
ertheless, since this approach is common in the literature it al-
lows for simple cross-comparisons. It is also worth reminding
the reader that EDF-F has just two layers of Euclid data in DR1,
and part of the field is covered by only wide-depth DECam data
(Euclid Collaboration: Corcho-Caballero et al. 2026), with the
result that the performance for this field can be expected to lie
between the genuine EDFs area and the EWS. Metrics and as-
sociated figures are shown in Table 3 and Figs. 8 and 6, with the
same meanings as described for the EWS results.

The most directly comparable photo-z results in the literature
are from CANDELS (Dahlen et al. 2013), the DES Deep Fields
(DES DF, Hartley et al. 2022), and the UKIDSS Ultra-Deep Sur-
vey (UDS, Taylor et al. 2023), where each data set contains deep
broadband imaging over the optical-to-NIR range. The key dif-
ference in the Euclid DR1 data is the lack of u-band coverage
that is present in these other catalogues. Despite the reduced
wavelength coverage, the metrics for the performance of point
redshift estimates are of a comparable standard to these afore-
mentioned studies, especially in the case of the EAFs where the
scatter is as low as 0.02 (CANDELS: 0.03, DES DF: 0.02, UDS:
0.02). Meanwhile, the EDFs show only slightly worse perfor-
mance, at NMAD = 0.033 and 0.035 for EDF-N and EDF-F, re-
spectively. In general, the outlier fractions are slightly worse than
the comparison papers’, but still matching the DES DF value of
6%. We should stress, however, that these quoted NMAD values
all depend on the mix of objects available with secure spectro-
scopic redshifts and should be treated as guideline numbers, even
in comparison with one another.

For the zPDF metrics listed in Table 3, we can compare the
performance of the EDFs and EAFs against those from the DES
DF described in Hartley et al. (2022). We have recomputed the
KL-divergence values for these samples to be in units of Nats
(consistent with the present work) and also corrected an imple-
mentation bug in the Hartley et al. (2022) calculation. We find
new values of 0.020, 0.021, and 0.101 Nats for the unweighted
spectroscopic, (Alarcon et al. 2021, ; 17 < i < 23) and (Laigle
et al. 2016, ; 17 < i < 24) redshift samples, respectively. In the
latter two cases precise photo-z are used as the true redshift, sim-
ilar to our use of the COSMOS EWS-like processing. From the
lower panel of Fig. 6 it is clear that the zPDFs in the EDFs for
DR1 are somewhat under-dispersed with respect to the EWS.
The values for KL-divergence we report in Table 3 reflect that
weaker calibration and are also larger than the closest equivalent
measurement in the DES DF, the unweighted spectroscopic case.
However, the more striking difference with respect to the DES
DF is in the outlier rate, defined in this case as true redshifts ly-
ing entirely outside of the zPDF, which at 15% is rather high. As
mentioned in Sect. 2.4, a configuration error during the running
of the deep pipeline meant that no systematic flux errors were
applied during photo-z computation and, given the overall high
S/N of the photometry, any differences in effective zero points
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Fig. 8. Photo-z versus spectroscopic redshift for the EDF-N at HE < 25.5. Lines and colours have the same meanings as in Fig. 5, except that the
objects are not weighted.

between the reference and target data would lead to a greater
number of such outliers. This issue will be corrected in the DR2
processing, but any users of the DR1 deep field zPDFs will need
to account for this increased fraction of outliers.

4.4. Performance of SED products

A robust validation of the SED data products (for both stars and
galaxies) with respect to the requirements listed in Cropper et al.
(2013), and down to their respective target flux limits, is not
possible. In neither case do suitable data for this purpose exist
and, moreover, it is already known that the data we had avail-
able to produce the reference sample for galaxy SEDs were not
sufficient to meet our desired performance level (Euclid Collab-
oration: Tarsitano et al. 2026). Nevertheless, we can perform a
limited assessment of their performance using the data that do
exist.

4.4.1. Stellar SEDs

Due to the processing schedule of the data release, the stellar
SED reference sample was prepared ahead of the main data pro-
cessing and used photometric catalogues from an earlier release
of the MER processing function. Any changes in the upstream
calibration of the photometric data between that time and the
main DR1 campaign may then propagate into the stellar SEDs
produced by the PHZ PF. Furthermore, the reference stars were
drawn from the fields specifically chosen for PSF modelling,
which, while distributed across the survey footprint, are small,
and sample only specific values of Milky Way reddening. We
may therefore be susceptible to reddening-dependent biases, or
to differences between the stellar population represented in the
reference sample and the main survey area.

To test our performance in recovering stellar SEDs, we use
the Gaia XP continuous spectra for stars within two broad re-
gions of the north and south regions of the DR1 footprint, specif-
ically chosen to include high and low Galactic reddening re-
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Fig. 9. Ratio of the average recovered SED from the PHZ pipeline to
the average Gaia continuous spectrum, for different subsamples in stel-
lar colour and Galactic reddening. The vertical dotted line indicates the
wavelength where each individual SED was normalised before averag-
ing.

gions. Four subsamples are considered in each hemisphere, of
low reddening, 0.02 < E(B − V) < 0.03, and high reddening,
0.075 < E(B−V) < 0.11, and of blue stars, 0.4 < G−GRP < 0.5
and red stars, 1 < G−GRP < 1.25. The ranges were chosen to be
narrow in order to try to create consistent samples, but also wide
enough to allow for a sufficient number of stars for the measure-
ments to be meaningful. Within each subsample, the SEDs from
Gaia and from the PHZ output product were normalised to unit
flux at 605 nm (an arbitrarily chosen wavelength, free of signifi-
cant photospheric absorption lines) and averaged. The resulting
ratios of the averaged SEDs are shown in Fig. 9.

The systematic uncertainty budget for the PSF model is bro-
ken down in Cropper et al. (2013), with 3.5 × 10−4 allocated to
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Table 4. Validation of the SEDs of stars of different colours and loca-
tions in the EWS, expressed through the fractional bias in mean wave-
length of the average SED with respect to Gaia.

Sample Hemisphere No. stars δλ/λtrue

Low E(B − V); Blue N 681 8.02 × 10−4

Low E(B − V); Blue S 2123 −1.51 × 10−4

High E(B − V); Blue N 181 8.03 × 10−4

High E(B − V); Blue S 946 −2.71 × 10−4

Low E(B − V); Red N 85 −2.37 × 10−3

Low E(B − V); Red S 180 5.66 × 10−4

High E(B − V); Red N 127 −8.21 × 10−4

High E(B − V); Red S 90 3.09 × 10−4
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Fig. 10. Histograms of the fractional difference in SED-weighted IE

mean wavelength, between the PHZ pipeline output galaxy SEDs for
a EWS-like pass of the EDF-F and a linear interpolation between ob-
served medium-band fluxes from C10. Six equi-populated bins in red-
shift are shown, covering the range 0.2 < zphot < 2.5.

any size bias related to the wavelength dependence of the PSF
(expressed in terms of the size squared, R2). This budget encom-
passes contributions from both the stellar SEDs used for the PSF
model construction and galaxy SEDs for its application to each
object. We take a simplistic approach and consider an error bud-
get split equally into each of these constituent contributions. As
described in Eriksen & Hoekstra (2018), the PSF size-squared
scales approximately as the square root of wavelength, and we
can therefore relate the allocated error budget to an effective re-
quirement on the recovery of the mean wavelength of the pho-
tons captured by the VIS camera for any given object (Euclid
Collaboration: Tarsitano et al. 2026). Propagating a λ0.5 depen-
dence leads to a requirement of δλ/λ < 5 × 10−4. In Table 4
we list the values of these fractional mean wavelength biases for
the eight subsamples of Gaia stars considered. In general, the
stellar SEDs in the South perform rather well, meeting or only
slightly exceeding the Euclid requirement. Meanwhile, the SED
recovery in the north is substantially poorer at roughly twice the
requirement or greater. This situation should improve in DR2,
with improved processing of the external data and a richer refer-
ence data set of northern fields.

4.4.2. Galaxy SEDs

To test the galaxy SEDs we use the medium-band fluxes con-
tained in the MUSYC catalogue produced by Cardamone et al.
(2010) in the CDFS field. This filter set comprises 18 bands
with mean width of approximately 30 nm, of which 12 are also

present in the COSMOS2020 catalogue that was used to build
the galaxy SED reference sample. Because the reddest medium-
band filter has mean wavelength 856.3 nm, we extend the wave-
length range to cover the whole IE passband by including the z′-
and J-band fluxes from the same catalogue. While many of the
photometric bands used to produce the reference SEDs are in
common with this CDFS-based test set, the data reduction and
calibration differ, and any metric of performance will also be
impacted by sample variance from the small CDFS area. Never-
theless, since these are the only observational data available we
proceed to compute fractional wavelength differences, similar to
those of the stellar SEDs above.

The MUSYC catalogue is cross-matched by sky position to
the same EWS-like pass of the EDF-F that was used for the
photo-z validation. Following the match, point sources are iden-
tified using a compactness criterion, MUMAX_MINUS_MAG< −2.6,
and photometric zero-point corrections are derived by fitting a
set of stellar SEDs and computing median differences between
the catalogue and predicted SED fluxes. Using stars to derive the
necessary corrections avoids the risk of tuning the zero points to
match external galaxy templates, which might produce some-
what optimistic results.

The test sample is prepared in a similar manner to the spec-
troscopic samples used for the photo-z validation. Namely, point
sources, near-IR-detected objects, objects falling in masked re-
gions, and galaxies fainter than IE = 24.5 are removed. The SEDs
of the test sample galaxies are produced by a linear interpola-
tion of the zero-point-corrected fluxes between the medium-band
filter mean wavelengths, and the red extension from the broad
bands. This interpolation between bands is an approximation to
the true SEDs that contributes a systematic uncertainty to the
present analysis, which itself is of a similar magnitude to the
requirement (Euclid Collaboration: Tarsitano et al. 2026).

Six equally populated redshift bins are constructed in the
range 0.2 < z < 2.5, mimicking the process that will be followed
for the DR1 cosmology analysis. Histograms of the per-object
fractional wavelength differences between the pipeline SED es-
timates and the MUSYC-derived SEDs are shown in Fig. 10. Not
shown in the figure is a fraction of outliers (∼ 7%), which are lo-
cated almost exclusively on the edges of the area covered by the
Cardamone et al. (2010) catalogue. The histograms show a clear
redshift dependence to the peak of the distributions, becoming
increasingly poor in higher redshift bins. The 3σ-clipped mean
bias values similarly show poorer performance in the higher red-
shift bins, with values 2.02×10−3, 1.73×10−3, 2.21×10−3, 3.53×
10−3, 4.99×10−3, and 3.58×10−3 for bins 1–6 respectively. While
these values are approaching an order of magnitude short of the
end-of-mission requirement of 5 × 10−4, they are not entirely
unexpected, given the results of Euclid Collaboration: Tarsitano
et al. (2026) and the limited data we have at hand to perform this
analysis. Further data collection to improve both the measure-
ment and validation of the galaxy SEDs in underway.

4.5. Classification performance

As described in Sect. 2.3.1, the DR1 star and galaxy classifiers
are largely unchanged from the Q1 release, and the detailed char-
acterisation of these two classifiers presented in EC:T26 is there-
fore applicable also to the DR1 products. The major change in
the classification scheme for DR1 is the removal of the QSO
classifier, with the decision point for objects to enter the QSO
catalogue based instead on a combination of the probability to be
a star from the photometric classifier and reported as unresolved
in the MER catalogue (see Sect. 2.3.1). The result of this new
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Fig. 11. Correspondence between spectroscopically determined object
types from DESI and the PHZ pipeline classification, from a EWS-
like pass of the EDF-N, where the fraction of objects is shown by
the thickness of the connecting lines. The red colour represents ob-
jects that are deemed compact by a cut on the MER catalogue column,
MUMAX_MINUS_MAG < −2.6.

strategy is a largely complete, but heavily stellar-contaminated
base sample of QSOs from which the user can further down
select to form their science sample; for example, by applying
a tighter star probability criterion, colour cuts, or multiwave-
length information. In the remainder of this section we show the
correspondence between spectroscopic class labels from DESI
and the output classes using the default probability acceptance
thresholds.

The EDF-N was observed intensively by DESI during the
programme’s science verification period and was one of the
densely sampled fields in the one-percent data release (DESI
Collaboration: Adame, A. G. et al. 2024). After cross-matching
this release to a Euclid single-visit EDF-N catalogue we have
29 436 galaxies, 3121 stars, and 2103 QSOs as labelled by the
DESI redrock pipeline (Bailey & Schlegel 2026), which is suf-
ficient for the present purpose. In Fig. 11 we show a Sankey di-
agram of the class correspondence between the DESI labels and
the output classes (contained in the PHZ_CLASSIFICATION col-
umn, or trivially derived from the Euclid catalogues in the case
of QSOs). The red colour in the figure represents objects that
satisfy the compactness criterion, MUMAX_MINUS_MAG< −2.6.

Of the DESI stars, 2894 (93%) pass the strict threshold for
stars to be used in PSF modelling, with 211 of the remainder
ending up in the compact and ‘not star’ class. The final 16 are
included among the 254 stars that pass the deliberately permis-
sive probability threshold to be classified as galaxies. All but
49 (0.2%) of the DESI galaxies are classified as galaxies by the
pipeline, with 58 accepted by the star classifier and three unclas-
sified. These numbers might suggest that the star class purity is
falling short of the requirement (∼ 98% purity for DESI objects,
versus 99% requirement). However, for the 46 DESI galaxies
classified exclusively as stars by the pipeline, their morpholo-
gies and colours suggest that most are likely misclassified by the
DESI spectroscopic pipeline. Finally, for the DESI QSO sam-
ple, 1678 of the 1689 (99%) that pass the compactness criterion
are classified as not being stars and hence form the basis for a
QSO candidate sample. Meanwhile, 20% of the DESI QSOs are
not compact in the Euclid imaging, and therefore do not pass
the definition for QSOs in the Euclid DR1 catalogues. All such
objects are accepted by the galaxy classifier, which is expected
based on the emphasis for completeness in the galaxy class.

The numbers quoted here are presented to aid a user of the
PHZ catalogues to build some intuition of how the classifica-
tion behaves; they should not be read as formal completeness or
purity estimates, since the DESI samples are in general much
brighter than the full flux-limited populations of each class.

5. Known issues and variant production runs

Our validation and post-production analyses, including those of
science teams within the Euclid Consortium, have revealed a few
issues with the data products that are worth noting here. In addi-
tion, two supplementary runs of the main pipeline for EWS data
were prepared and run as part of cosmology pipeline tests and
mitigation of issues with some of the input data products.

5.1. Known issues

As described in Sect. 3.1, the relative abundance of different
galaxy types, redshifts, and luminosities in the reference sam-
ple acts as a prior in the photo-z determination. Having only
the COSMOS field available and suitable for building the refer-
ence samples creates severe challenges, in particular in produc-
ing good measurements for the brightest galaxies. Firstly, due to
the small size of the COSMOS field and its choice to avoid low-
redshift structures, there are extremely few very low-redshift
galaxies. Moreover, to preserve the positive impact of the effec-
tive magnitude prior that is implicit in the reference sample, the
allowed range in SED amplitude difference between EWS and
reference objects was restricted to ±1.5 mag. The result of these
two factors is that the reference sample is under-represented by
rare galaxies, including low-redshift objects (z < 0.2), very high
mass galaxies at moderate redshifts (z < 0.4) and some of the
most extreme galaxies in the Universe. These galaxy classes are
therefore strongly disfavoured by NNPZ. Our strategy of augmen-
tation and imposing an explicit redshift prior to overcome these
limitations was unfortunately not as effective as we would have
liked. In the majority of cases, the redshifts are still quite rea-
sonable, but the stellar masses and other amplitude-dependent
physical properties are biased low.

Secondly, the redshift point estimates tend to cluster around
specific values. Such behaviour is quite typical in template-based
photo-z estimates, and usually referred to as ‘redshift focussing’
or aliasing. Machine-learning methods tend to be less suscepti-
ble to redshift focussing, particularly in cases where the photo-
metric noise is matched between the training and target samples
(although see Bonnett et al. 2016 for a counter-example). On the
other hand, machine learning methods are vulnerable to sample
variance in the training data, or sampling noise if the training
data are not sufficiently numerous to smoothly represent the fea-
ture space. In the case of NNPZ we use deep photometry for the
training data and so noise aliasing is certainly a possibility. How-
ever, some of the favoured and disfavoured redshift values corre-
spond to known over- and under-densities in the COSMOS field
(e.g., the strong structure at z ≃ 0.35).

5.2. Variant production runs

We performed two variant runs of the main production pipeline
for the EWS, both for the north tiles only. Firstly, the EXT pro-
cessing was only able to use u-band data across half of the north-
ern sky footprint. As the photo-z characteristics clearly depend
on the combination of bands available (see Sect. 4.3) we needed
to be able to provide a more homogeneous northern data set to
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supplement the main run. This aim was achieved through exclud-
ing the u-band photometry. These products themselves are not
published as part of DR1-Foundation. However, the OU-Level
3 (LE3) products that require them will publish the necessary
information where they are used.

Secondly, as described in the paper detailing the external data
(Euclid Collaboration: Corcho-Caballero et al. 2026), the indi-
vidual images were combined into the coadded mosaics with
flags identifying known bad pixels but with no further outlier
rejection. The resulting Pan-STARRS i-band images therefore
carried a high rate of residual artefacts, which would have re-
quired outlier rejection in order to be masked. Following the for-
mal validation of DR1-Foundation, a Healpix map of the af-
fected regions was produced (see Euclid Collaboration: Odier
et al. 2026). Nevertheless, it posed a particular difficulty for the
task of optical cluster detection, and so again we produced an ad-
ditional set of products, using neither the u band nor the i band
from the northern external data. As in the case of the no u-band
variant, derived values from this supplemental run will be made
available in the OU-LE3 products where relevant.

6. Summary

We have presented the processing function for photometric red-
shifts for the Euclid DR1-Foundation release and the valida-
tion and performance of the cosmology-oriented tile-by-tile out-
put products. A description of the derivation of galaxy physical
properties, such as stellar masses and star-formation rates, and
associated output products can be found in EC:E26. Meanwhile,
calibrated sample-level redshift distributions for cosmological
inference will be presented in a future publication at the time
of the full DR1 release.

With respect to the Q1 release, the object-by-object zPDFs
are now produced with our nearest-neighbour package, NNPZ, in
line with the pre-launch strategy outlined in Euclid Collabora-
tion: Mellier et al. (2025). The reference sample of redshifts for
NNPZ was built from data in the COSMOS field, using an associ-
ation between the Euclid catalogue and the classic photometric
catalogue from Weaver et al. (2022). From the latter we derive
photometric redshifts, paying particular attention to the calibra-
tion of the zPDF. The performance of the photo-z are much im-
proved compared with Q1, as expected given that we are now
able to implement our full pipeline vision. Nevertheless, the out-
lier fraction and scatter of the point estimates do not yet meet
the mission design requirements, which is at least in part due
to shallower depth in the ground-based photometry with respect
to design assumptions. In the southern hemisphere, the eventual
switch to data from Rubin-LSST will alleviate this issue by mis-
sion end.

Other important outputs from the pipeline for the DR1 cos-
mology analyses include star and galaxy SEDs for PSF mod-
elling and object classes that are used in sample selections. A
formal validation of these aspects cannot be performed due to
the lack of suitable truth information to the flux limit of the tar-
get samples. Nonetheless, we have presented estimates of the
performance based on available data.

The correspondence between spectroscopic object class la-
bels from DESI and the object classes in the pipeline (including
taking a compactness criterion into account from the MER cata-
logue) is very much in line with expectations. The classification
for stars has a deliberately strict threshold to ensure high purity,
while the galaxy class is highly complete at the cost of some
contamination.

The SEDs of stars in the southern hemisphere of the DR1
EWS outputs recover the continuous spectra from Gaia very
well. In the north, we identify deviations exceeding the nominal
mission requirement, particularly for redder stars. The accuracy
of galaxy SEDs falls some way short of the mission target, with
the bias in mean effective wavelength increasing with redshift
within the six bins defined. Additional data are being taken so
that we are able to meet the end-of-mission requirements.

Tile-by-tile validation of the PHZ products reveals that the
main reasons for invalidating data at the PHZ PF level are incom-
plete Euclid photometric data and tiles with very small areas. Of
the 8960 MER tiles covering the DR1 EWS area, 93.6% are valid
across the whole photometric pipeline chain, with approximately
95% of the nominal survey area available for scientific exploita-
tion.
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Appendix A: Photometric zero-point assessment

It is common in the literature to estimate effective zero-point
shifts for each photometric band in a catalogue that, when used
during photometric redshift measurement, maximise some met-
ric of quality. These shifts may represent genuine corrections to
the photometric zero points of the images from which the fluxes
were measured, or they may compensate for systematic errors
such as model mis-specification in template-based photo-z meth-
ods, wrong filter transmission curves, or even issues in back-
ground subtraction. In practice, such zero-point shifts should
be treated with caution as correcting for some specific subsam-
ple (such as galaxies with spectroscopic redshifts) may leave us
blind to systematic errors that are introduced in other subpop-
ulations. In the Q1 release we computed such corrections for
each band across the data set, using a combination of stars and
galaxies with spectroscopic redshifts from a representative set of
tiles (see EC:T26). The corrections in this case largely compen-
sated for differences in the PSF normalisations from one band
to another that were present in the catalogue photometry (Euclid
Collaboration: Romelli et al. 2026).

For DR1, the methods chiefly depend on the internal con-
sistency of the data processing and not so much on the abso-
lute calibration of each photometric band. Furthermore, we did
not have access to the final EWS catalogues while preparing
the calibrations. Applying zero-point shifts would therefore be
both risky and in principle unnecessary, and thus we do not use
them in DR1. Nevertheless, we retain the step in the pipeline to
compute offsets based on stars in order to assist our validation
and detect possible issues. These shifts are included in the out-
put catalogues as a FITS table in the second extension of the
file. The method for computing these shifts follows the same
approach as we used in Q1, with objects identified as matches
to Gaia objects by MER, with compact source morphologies
(MUMAX_MINUS_MAG < −2.6 in the MER catalogue) and satis-
fying the colour criterion 0 < IE − YE < 0.9. These typically
number around 100 objects per EWS tile. We fit these selected
objects with a large set of stellar SEDs using Phosphoros and
for each band compute the median value of the ratios between
the best-fit SED fluxes and the catalogue fluxes across the sam-
ple. These median ratios are then applied as correction factors to
the catalogue photometry and the whole process repeated four
further times (there is no test for convergence). The five factors
per band are multiplied together and then scaled such that the
relative corrections between bands are preserved, but the correc-
tion for the IE band is arbitrarily set to unity. These correction
factors are output in the catalogues, but we stress that they are
not applied for the remainder of the pipeline stages.

Maps of the band-to-band zero-point offsets derived this way
can be found in Figs. A.1 to A.4. Note the change in colour scale
from one map to another. The zero-point test confirms the gener-
ally good level of stability in the photometry across the EWS, as
reported by Euclid Collaboration: McCracken et al. (2026), Eu-
clid Collaboration: Corcho-Caballero et al. (2026), and Euclid
Collaboration: Kümmel et al. (2026), particularly in the DR1-
South. However, we see a gradient in zero points across the
southern region that is repeated in each band and so is either
a gradient in the zero-point of the IE data or, more likely, stellar
population gradients affecting the accuracy of the zero-point de-
terminations. We also see the clear outline of the early DR1 data
that were taken before the first attempted ice decontamination,
when the IE passband was subtly different from later exposures
(Euclid Collaboration: Schirmer et al. 2026). That passband dif-
ference is not currently accounted for in the pipeline.

Fig. A.1. Per-tile relative zero-point difference with respect to IE for the
external ground-based photometry, computed using SED fits to stellar
objects.
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Fig. A.2. Same as Fig. A.1, but for the Euclid NIR bands.

Appendix B: COSMOS zero points

The photometry of the COSMOS2020 catalogue is known to suf-
fer from significant flux zero-point miscalibrations, which are
typically corrected for as part of the photo-z measurement pro-
cess (Weaver et al. 2022). As can be seen from table 3 of Weaver
et al. (2022), the estimated zero-point corrections required to op-
timise the photo-z outputs vary substantially depending on the
photo-z algorithm and SED template set used. We therefore de-
termine zero-point corrections for the COSMOS2020 catalogue
specific to our Phosphoros set-up. Corrections are determined
by optimising the mean bias and scatter for a sample of ob-
jects with spectroscopic redshifts from Khostovan et al. (2026)
and are reported in Table B.1. The corrections follow a similar
pattern to those of the Classic/LePhare combination of COS-
MOS2020, which is not surprising considering that the base SED
templates we use are in common with those in the LePhare run

Fig. A.3. Same as Fig. A.1, but for the northern part of the EWS.

of COSMOS2020. However, the corrections are slightly smaller
in magnitude on average and favour slightly bluer SEDs overall.
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Fig. A.4. Same as Fig. A.2, but for the northern part of the EWS.

Table B.1. List of the bands used to build the reference data set for
NNPZ, their flux zero-point correction factors, and systematic flux un-
certainty contributions. No correction factor is included for the IRAC
channels as they were not used during photo-z measurement, only for
physical property estimation.

Band Correction factor Systematic error
GALEX NUV 0.98494 0.05
CFHT u 0.93997 0.02
CFHT u∗ 0.99185 0.02
HSC g 0.91888 0.02
HSC r 0.93190 0.02
HSC i 0.96249 0.02
HSC z 0.95230 0.02
HSC y 0.94030 0.02
SuprimeCam B 1.08539 0.02
SuprimeCam V 0.92390 0.02
SuprimeCam r+ 1.00014 0.02
SuprimeCam i+ 0.98712 0.02
SuprimeCam z++ 0.94256 0.02
SuprimeCam IB427 1.01037 0.02
SuprimeCam IB464 1.00842 0.02
SuprimeCam IA484 1.00241 0.02
SuprimeCam IB505 0.99986 0.02
SuprimeCam IA527 1.02185 0.02
SuprimeCam IB574 1.05799 0.02
SuprimeCam IA624 0.99528 0.02
SuprimeCam IA679 0.84868 0.02
SuprimeCam IB709 1.01720 0.02
SuprimeCam IA738 1.02716 0.02
SuprimeCam IA767 1.04391 0.02
SuprimeCam IB827 1.02713 0.02
SuprimeCam NB711 0.99772 0.05
SuprimeCam NB816 1.04134 0.05
VISTA Y 0.98596 0.05
VISTA J 1.00349 0.05
VISTA H 1.06828 0.05
VISTA Ks 1.01515 0.05
VISTA NB118 1.03005 0.05
IRAC Ch1 . . . 0.1
IRAC Ch2 . . . 0.1

Appendix C: COSMOS flux error recalibration

Poorly estimated flux uncertainties, for example through the ne-
glect of correlated pixel noise in the images or source shot noise,
result in miscalibration of zPDFs. In the case of under-dispersed
zPDFs in the PIT test, the calibration can be improved by ap-
plying factors to increase the flux uncertainties. The PIT test re-
quires true redshifts to be known, for which we must rely on
spectroscopic redshifts. However, the subsample of COSMOS
objects with spectroscopic redshift is biased, particularly in mag-
nitude distribution. We wish to test the calibration of the poste-
riors for a sample that is appropriate to the one that is the main
target case, namely the EWS. We therefore degrade the photom-
etry of the spectroscopic subset of COSMOS2020 galaxies to
better match the distribution of the expected EWS sample, re-
run the photo-z measurement for these objects, and check the
calibration of the resulting zPDF. We find that in order to obtain
well-calibrated zPDF for the target magnitudes we need to inflate
the photometric uncertainties in the COSMOS2020 catalogue by
20%. With this additional uncertainty factor, we then proceed to
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produce the full set of COSMOS2020 redshift probability distri-
butions that we use for the reference sample in NNPZ.
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