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ABSTRACT

Euclid is a European Space Agency mission mapping the extragalactic sky, aiming to provide the most-accurate 3D view of the Universe at optical
and near-infrared wavelengths, by measuring the photometric redshifts of billions of galaxies. Within the Euclid Consortium, this task is executed
by the PHZ Organisation Unit. PHZ takes as input the multi-wavelength photometry of Euclid and ground-based data, and returns as output the
source classification, photometric redshifts for the Euclid core science (i.e., cosmology), and photometric redshifts plus physical parameters and
absolute magnitudes for non-cosmological science. As part of the first Euclid Data Release (DR1), we describe the details of the DR1 pipeline for
non-cosmological science, along with the released data products, and their validation. The non-cosmological science data products are obtained
with NNPZ, a nearest-neighbour algorithm developed within PHZ that infers the properties of each target galaxy from its closest matches, in
colour—magnitude space, within a reference sample of galaxies with known redshifts and physical parameters. We built this reference sample from
Euclid observations of COSMOS, one of the Euclid Auxiliary Fields, labelling each galaxy with redshifts and physical parameters derived from
the COSMOS2020 multi-wavelength photometry, consistently with the Euclid core-science results. Combined with the adjustments and priors
required to generalise the results across the entire extragalactic sky, this approach yields high-quality and internally consistent data products. We
tested the performance using both internal metrics and comparisons to ancillary data sets (e.g., COSMOS2020, 3D-HST, and DESI) and scaling
relations (e.g., the star-forming main sequence); the results are in line with expectations and pre-DR1 simulations for both the Euclid Wide Survey
and Euclid Deep Fields.
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1. Introduction

Euclid is a European Space Agency mission designed to map the
large-scale distribution of matter in the Universe. The spacecraft
carries two instruments: the visible imaging instrument (VIS,
Euclid Collaboration: Cropper et al. 2025) and the Near-Infrared
(NIR) Spectrometer and Photometer (NISP, Euclid Collabora-
tion: Jahnke et al. 2025), which together provide high-resolution
optical imaging and NIR imaging and spectroscopy over approx-
imately 11000deg” of the extragalactic sky, the Euclid Wide
Survey (EWS). At the end of the nominal mission, the EWS
will reach a uniform depth of 24.5 AB magnitudes in the visi-
ble band and fainter than 24.0 in the NIR bands (Euclid Collab-
oration: Scaramella et al. 2022). Although Euclid was primarily
designed to constrain dark energy and dark matter through weak
gravitational lensing and galaxy clustering, the resulting data set
is a substantial resource for non-cosmological science as well
(Euclid Collaboration: Mellier et al. 2025).

Achieving the mission’s full scientific potential requires pho-
tometric redshifts — or photo-zs — for billions of galaxies. These
will be used both to reconstruct the three-dimensional distribu-
tion of matter and to trace galaxy evolution across a wide range
of cosmic time. To meet the required precision, Euclid incorpo-
rates multi-band photometry from ground-based surveys, includ-
ing the Dark Energy Survey (DES, Flaugher et al. 2015; DES
Collaboration: Abbott et al. 2016), the Ultraviolet Near Infrared
Optical Northern Survey (UNIONS, Gwyn et al. 2025), and, in

future, the Legacy Survey of Space and Time (LSST, Ivezic et al.
2008).

The processing of these data is managed by the Euclid Sci-
ence Ground Segment (SGS), organised into self-contained pro-
cessing functions (PFs). The PHZ PF is responsible for photo-
metric redshifts, physical parameters (PPs) of galaxies, source
classification, spectral energy distribution (SED) estimation, and
tomographic binning. The PPs — stellar masses, star-formation
rates (SFR), metallicities, and others — are central to the non-
cosmological science cases that aim to reconstruct the assem-
bly history of the Universe. For this purpose, PHZ developed
a machine-learning algorithm, the Nearest-Neighbour Photo-
metric Redshifts (NNPZ, Tanaka et al. 2018; Euclid Collab-
oration: Enia et al. 2024; Euclid Collaboration: Tucci et al.
2026; Euclid Collaboration: Enia et al. 2026). NNPZ estimates
multi-dimensional posterior distributions of photo-zs and PPs by
searching, in colour—magnitude space, for the nearest neighbours
of each target galaxy within a pre-defined reference sample of
objects with known properties.

In this paper, we describe the PHZ pipeline for photomet-
ric redshifts and galaxy PPs used for the first ~ 1900 deg? of
the Euclid Data Release 1 (2026). The accuracy and precision
of the released data products are validated against large spectro-
scopic samples from external surveys, demonstrating their re-
liability for a broad range of astrophysical applications. This
paper is structured as follows. In Sect. 2, we describe the DR1
data and the ancillary data sets used to evaluate performance.
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Table 1. Filters for the Euclid DR1, with associated observed depths.

Band Aegr [wm] EWS EDF-N EDF-F EDF-S  PV-005 CDFS
~1900deg®> ~20deg®> ~ 10deg®> ~20deg®> ~ ldeg® ~ 0.1deg’

UCEHT/MegaCam 0.372 23.24

T CFHT/MegaCam 0.640 24.0

Foa-sTARRS 0.755 23.6

Gisc 0.480 24.5 26.4 26.4 27.2 26.8
Fasc 0.640 26.1 26.5

P usc 0.640 26.0 254 26.5 26.6
s 0.755 24.9 25.0 26.4 25.2
s 0.755 25.5 25.7 24.8 26.2
Zisc 0.891 23.0 24.9 24.6 26.3 25.0
Goecam 0.473 24.7 26.1 24.7 26.6 26.8
Foeean 0.642 243 25.8 243 25.9 26.9
Fnecan 0.784 23.8 25.5 23.7 25.7 26.7
Zecam 0.926 23.0 25.1 23.0 24.2 26.3
VIS/I, 0.715 24.8 26.2 24.9 25.8 26.2 26.4
NISP/Y, 1.081 23.2 24.5 234 243 24.7 24.8
NISP/J, 1.367 23.3 24.7 23.5 24.4 24.8 25.0
NISP/H, 1.771 23.3 24.7 23.5 24.4 24.8 25.0

Notes. Reported magnitudes are the 10 o observed median depths of the observing tiles for an extended source in a 2 X FWHM diameter aperture.
As a rule-of-thumb, the 5 o median depths are obtained by adding 0.75 mag.
@ The Ucrit/megacam Dand for the EWS in the northern sky is only available for roughly half of the EWS-N, and not for the EDF-N.

In Sect. 3, we describe the PHZ pipeline for recovering photo-zs
and PPs for non-cosmological science, and the products stored
in the Euclid Archive System (EAS, Euclid Collaboration: Aus-
sel et al. 2026). In Sect. 4, we validate the results against spec-
troscopic redshifts and H a-estimated SFRs, while checking the
relation between stellar masses and SFR, the star-forming main-
sequence (SFMS). In Sect. 5, we present our conclusions.

All the results described in this work assume a flat
cosmological-constant-dominated cold dark matter (ACDM)
cosmology with Hy = 67.74kms™' Mpc™!, Q,, = 0.3089, and
Qa = 0.6911 (Planck Collaboration et al. 2016), and assume a
Chabrier (2003) initial mass function (IMF). All magnitudes are
given in the AB photometric system (Oke & Gunn 1983).

2. Data

A comprehensive view of all the scientific objectives of the Eu-
clid mission is presented in Euclid Collaboration: Mellier et al.
(2025). A detailed description of Data Release 1 (DR1) is avail-
able in Euclid Collaboration: Aussel et al. (2026); here we pro-
vide a brief summary.

Euclid DR1 is composed of approximately 1900 deg® of the
extragalactic sky, broadly divided into the EWS, the Euclid Deep
Fields (EDFs), and the Euclid Auxiliary Fields (EAFs). The
EDFs are composed of three fields: EDF-North (EDF-N), EDF-
Fornax (EDF-F), and EDF-South (EDF-S), while the EAFs are a
series of well-known extragalactic fields (further details avail-
able in Euclid Collaboration: Aussel et al. 2026; Euclid Col-
laboration: Tereno et al. 2026)." Euclid observed all the DR1
footprint in four photometric bands, one in the visible (/;, Eu-
clid Collaboration: Cropper et al. 2025), and three in the NIR
(Y:, Ji, and H;, Euclid Collaboration: Jahnke et al. 2025). Eu-
clid observations are complemented by ground-based observa-
tions carried out with multiple instruments to cover the wave-

1 See also https://www.cosmos.esa.int/web/euclid/
euclid-drl-expected-coverage for the exact sky coverage
and position of the fields in DR1.
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length range between 0.3 pm and 1.8 um by the Ultraviolet Near-
Infrared Optical Northern Survey (UNIONS, Gwyn et al. 2025)
in the northern hemisphere; in the southern hemisphere, Euclid is
complemented with observations made by the Dark Energy Sur-
vey (DES, Flaugher et al. 2015; DES Collaboration: Abbott et al.
2016). In the EDFs and EAFs, other deeper ground-based obser-
vations are available, namely the Hawaii 20 deg” survey (H20,
Euclid Collaboration: McPartland et al. 2025). Euclid DR1 will
also contain Euclid NISP spectroscopic redshifts and spectral
line measurements (Euclid Collaboration: Scodeggio et al. 2026;
Euclid Collaboration: Fumana et al. 2026).

While the EWS covers the sky with a series of single refer-
ence observation sequences (ROS, in Figure 8 of Euclid Collab-
oration: Scaramella et al. 2022), in contiguous 32’ x 32’ “tiles”,
the EAFs and EDFs have been observed multiple times with
varying depth in tiles of 17’ x 17’: EDF-F has been observed
two times, with an expected improvement in depth of 0.4 magni-
tudes with respect to the EWS; EDF-S ten times (1 mag deeper),
and EDF-N eleven times (the same). The depths of the different
EAFs depend instead on different factors (e.g., zodiacal back-
ground). All the inputs for the PHZ pipeline come from the MER
processing function, described in Euclid Collaboration: Kiimmel
et al. (2026). Each catalogue contains all the objects detected in
I; (Euclid Collaboration: McCracken et al. 2026) or in a NIR-
stacked detection image that is the combination of Yy, J;, and
H; (Euclid Collaboration: Polenta et al. 2026). There are ~ 9000
tiles in DR1, with a total of 880 955 708 unique detected sources,
30809 240 in the EDFs and 850 146468 in the EWS.

For the photometry, for each detected source in a given tile,
there are three main sets of measurements: aperture-, model-,
and template-fitting photometry. Within PHZ, we are interested
in the total emission of the source, while preserving the measure-
ment of colours belonging to the same physical region of each
galaxy. For VIS and NIR-stacked images we used the total flux
computed within a Kron aperture with the A-PHOT algorithm
(Merlin et al. 2015, 2016). For all the other bands, the total flux
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is obtained by scaling with a colour term,

aperture
total _ p-total band
F band — F detection aperture (1)

detection
aperture

band
Tt . .
terest, and Fi'0 -~ is the aperture flux measured in the detec-

tion image, whether /g or the NIR-stacked image. Both aperture
fluxes are measured on images degraded to the worst resolution
among the bands considered. As input to PHZ, we used the flux
measured in a circular aperture of diameter 2 x FWHM, con-
verted to total flux. In Table 1 we report the filters used in this
work, with the observed 10 o depths for an extended source in
an aperture whose diameter is twice the FWHM from the low-
est resolution band between the optical and Euclid ones (fur-
ther details on the photometry in Euclid Collaboration: Corcho-
Caballero et al. 2026; Euclid Collaboration: Kiimmel et al. 2026;
Euclid Collaboration: Gasparetto et al. 2026).

When reporting the results in Sect. 4, we applied a series of
quality cuts to make the analysis more robust, removing low-
quality sources. These are:

where F is the aperture flux measured in the band of in-

— SPURIOUS_FLAG = 0;
— DET_QUALITY_FLAG < 4;
— MUMAX_MINUS_MAG > -2.6.

This selection removes low-quality objects from the sample, as
well as stars and compact objects, e.g., QSOs. For details on the
meaning of the flags, see Euclid Collaboration: Kiimmel et al.
(2026).

We further cleaned our sample looking for reliable extra-
galactic sources with both the PHZ source classification of the
DR1 data products and the NNPZ flag on the recovered photo-z
and PPs, imposing:

— PHZ_CLASSIFICATION = 2;
— PHYS_PARAM_FLAGS = 0.

The first condition selects sources that have been classified as
galaxies, while with the second we select only those sources
with at least a nearest-neighbour in the reference sample with a
weight higher than 1073 (see Euclid Collaboration: Hartley et al.
2026, and Sect. 3 for further details on the pipeline).

Additionally, we applied an H; magnitude cut that limits the
signal-to-noise ratio (S/N, measured in an aperture of 2xX FWHM
diameter) to five. We warn the reader that the above described
selection was chosen only for the validation of the DR1 prod-
ucts, and it is not intended as the blueprint for the different sci-
entific studies that can be done with DR1 data. To give an ex-
ample, for statistical studies that require a rigorous definition
of the survey area, the Euclid photometric visibility mask Pho-
toZ (VMPZ, see Euclid Collaboration: Odier et al. 2026) are
better suited. We also note that the above selection, by requir-
ing PHZ_CLASSIFICATION = 2 and removing compact, non-
stellar sources (via MUMAX_MINUS_MAG cut), effectively restricts
our validation sample to extended objects only. We therefore as-
sumed that all extended sources are galaxies, ignoring the fact
that some of them are in fact AGNs. The performance of the PHZ
pipeline for AGN and QSO-classified objects is not discussed in
this work.

In order to assess the quality of the photometric redshifts and
PPs (e.g., stellar masses or SFRs), we compared them with the
available literature compilations of spectroscopic redshifts and
(when available) high-quality PPs, whether because they have
been measured with a large number of photometric points or

with spectral line information available. The EDFs are the part
of the Euclid DR1 with the most coverage from other extra-
galactic spectroscopic surveys. A full list of references for high-
quality spec-z galaxies that matches with the Euclid observations
is available in Euclid Collaboration: Hartley et al. (2026), Euclid
Collaboration: Enia et al. (2026), or in Table 5 of Euclid Collab-
oration: Tucci et al. (2026). We compared these with the results
of the Deep Pipeline for the EDFs and of the single EWS-like
passes of the same fields, in order to assess the quality of the
results for the EWS. Despite being the deepest, with ten ROSs,
only a handful of reliable spectroscopic redshifts are available
within the EDF-S; therefore, in the following sections we do not
show for EDF-S the full set of tests that we performed for the
EAFs, EDF-N, and EDF-F, and we limit our report of the EDF-S
metrics to Table 4.

Given the technical details on how the PHZ results for non-
cosmological science have been measured, a field of extreme im-
portance is the Cosmic Evolution Survey (COSMOS). The latest
release (COSMOS2020, Weaver et al. 2022) was used within
PHZ to build the reference samples (described in Sect. 3 and Eu-
clid Collaboration: Hartley et al. 2026). In this work, we also
used it to compare photo-zs and PPs with what can be seen as
the best quality available stellar masses and SFRs, both for val-
idating the reference sample, and as part of the Performance
Verification 005 field (see Sect.4.2), an EAF covering the in-
nermost part of COSMOS. In COSMOS, we also compared our
results with the compilation of available spectroscopic redshifts
in Khostovan et al. (2026) with redshift quality Q; = 4. For
the EAF Chandra Deep Field South (CDFS), we compared them
with the 3D-HST compilation of spectroscopic redshifts and PPs
(van Dokkum et al. 2013; Momcheva et al. 2016).

Finally, for a limited sample of approximately 5000 sources
within 0 < z < 0.6, we compared the measured SFRs with
those reported in the value-added catalogue of PPs for the Dark
Energy Spectroscopic Instrument (DESI, DESI Collaboration:
Aghamousa et al. 2016; Siudek et al. 2024). Specifically, we
used SFRs derived from both the Ha and HB emission lines
following Kennicutt (1998). Although these estimates are not as
reliable as spectroscopic redshifts for establishing the ‘ground
truth’, they are sufficiently accurate to provide an indication of
the quality of the recovered SFRs, at least in the South.

3. OU-PHZ pipeline for physical parameters

A more complete overview of the full OU-PHZ pipeline for
DR1 is given in Euclid Collaboration: Hartley et al. (2026). In
this section, we complement that with a specific focus on pho-
tometric redshifts and PPs for non-cosmological science, with
galaxies being the main focus. In fact, as shown in Figure 1
of Euclid Collaboration: Hartley et al. (2026), the PHZ pro-
duction pipeline is broadly divided into two branches: the core-
science branch (e.g., cosmology and weak-lensing, described in
Sections 7 and 8 of Euclid Collaboration: Mellier et al. 2025)
and the non-cosmological science branch (e.g., extragalactic as-
trophysics, see Section 9 of the Euclid overview paper). Both
branches are intertwined, relying on the same inputs and — for
PPs — from outputs of the core-science branch; as such, at least a
short summary of both is needed to gain full comprehension of
the PHZ data products for our purposes.

Given the large number of detected sources (see Sect.?2),
machine learning (ML) methods have been extensively tested
and then used within PHZ to speed up the computational pro-
cess, while achieving a performance comparable to template
fitting methods (see e.g., Euclid Collaboration: Desprez et al.
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/ Core Science \

Euclid-observed galaxies in COSMOS
(EWS: cut at HE < 24; EDFs, no cut)

Core science

—> Features: MER photometry (see Table 1)
— Labels: photo-zs and PDZs obtained with
Phosphoros on COSM0s2020 photometry.

N N

/ PDZ
(EWS: cut at HE < 24; EDFs, no cut)

—> Features: MER photometry (see Table 1)

Non-cosmological science
Euclid-observed galaxies in COSMOS

(COSMOSZOZO ]

—> Labels: for each object, extract 50 redshifts from
the PDZ, run Phosphoros on COSM0S2020
photometry at fixed redshift

\_ with BC0O3 models (with emission lines) )/

Reference Samples

® NNPZ _— Combining 30 NNs
T — photo-zs
MER
Catalogues
¢ Non-cosmological science
PY NNPZ 3 Combininggo30 NI\ITs, each with
samples
— photo-zs and PPs
Outputs

Fig. 1. Schematic view of the PHZ pipeline for the core and non-cosmological science, where the PPs are measured. The pipeline inputs are
within orange boxes, outputs are in pink, and specific tasks in green. Both reference samples are built running Phosphoros on COSM0S2020
photometry. The output PDZs obtained when finding the labels for the core-science reference sample are used as an input for building the labels for
the non-cosmological science reference sample: 50 redshifts are randomly extracted from the PDZ, and used to run Phosphoros at fixed redshift
to infer the PPs and absolute magnitudes. After the NNPZ run, the 30 NNs are used to infer the outputs both for core-science (only photo-zs) and
non-cosmological science, where each NN will have 50 samples attached from the Phosphoros run described above. Further details available in

Euclid Collaboration: Hartley et al. (2026) and Sect. 3.

Table 2. Summary of all the PHZ pipeline output. The meaning of these
parameters is described in Sect. 3 and in Euclid Collaboration: Hartley
et al. (2026).

File Name
PHZCAT

Description.

Core science results: photo-zs and
PDZs.

Indices, weights, and scaling fac-
tors of the 30 NNs.

Non-cosmological science results:
50 samples from the combined
posterior distribution functions
(PDFs) of all the NNs.

Non-cosmological science results:
median, mode, and percentiles of
all the quantities in Table 3.

Phosphoros results on NISP-
detected galaxies; only photo-zs
and PDZs.

Phosphoros results on QSO-
classified objects; only photo-zs
and PDZs.

Results from the -classification
pipeline for galaxies.

Results from the classification
pipeline for stars.

PPSAMPLINGINDEX

PPSAMPLINGFILE

PHYSPARAM

PHYSPARAMNIR

PHYSPARAMQSO

CLASSCAT

STARCLASS

2020; Euclid Collaboration: Enia et al. 2024). As for the non-
cosmological pipeline for Quick Data Release 1 (Q1), the DR1
science data products were obtained using a nearest-neighbours
(NNs) algorithm, called NNPZ. First described in Tanaka et al.
(2018), and later developed within PHZ, NNPZ works by search-
ing for each target galaxy a k number of NNs in the features
space (i.e., magnitude and colour) from a previously defined ref-

Article number, page 4

Table 3. Summary of physical parameters provided in the Euclid DR1
PHZ pipeline output.

Property Units / Scale
Stellar Population

STELLARMASS log1o(M./Mo)
SFR logo (SFR/Mg yr™")
MASSFORMED logio(M./Ms)
SFHAGE Gyr
SFHTIMESCALE Gyr
STELLARMETALLICITY Z/Z

Dust

AV mag

Absolute Magnitudes

M_VIS mag

M_[FUV, NUV, U, B, V] mag

M_[R, I, Z] mag

M_[Y, J, H, Ks] mag

Notes. Each parameter includes associated median, mode, and 68%
confidence intervals derived from the PDFs.

erence sample. In the Euclid pipeline, the number of NNs was set
to 30, the optimal compromise between a reliable inference of
photo-zs and PPs, and the computational cost of storing the NNs
information. The NNs have their own weights — measured from
the y? distance between the reference and the target — and scaling
parameters from the SED amplitude. For each target source, the
30 neighbours are combined to infer its labels, i.e., the median
(or the mode) of the (weighted) distribution of NNs; these are
ultimately the inferred photo-zs, PPs, and absolute magnitudes
of the target galaxies. The same approach is employed in the
core-science branch of the PHZ pipeline, where the photomet-
ric redshifts are the lone labels attached to the reference sample,
and thus the only quantity measured in the process. This is a key
difference from what was done for Q1, when the core-science



Euclid Collaboration: Enia et al.: PHZ processing function in DR1 for physical properties of galaxies

photometric redshifts were measured using Phosphoros (Euclid
Collaboration: Tucci et al. 2026).

Another difference from Q1 is in the definition and con-
struction of the reference sample. In Q1, the reference sample
was built from a grid of templates and exponentially delayed
star-formation histories (see Section 6.1 of Euclid Collaboration:
Tucci et al. 2026, or Section 3 of Euclid Collaboration: Enia et al.
2026). For DR1, observations of the EAFs are available, thus
making it possible to build the reference sample from a cata-
logue of real, observed galaxies, rather than a grid of templates.
For both branches, we built the reference sample from Euclid ob-
servations of COSMOS, one of the EAFs. There are in fact two
different versions of the reference sample, depending on whether
it is used for the processing of the EWS or the processing for the
EDFs. In practice, we built the samples by matching the Euclid
DR1 observations of COSMOS with the COSMOS2020 cata-
logue — including Euclid, DES, and HSC bands — cut in magni-
tude at a depth similar to that of the Euclid data to which they
were applied. For the EWS, the reference sample is made of
~ 375k galaxies cut at H; < 24 or I; < 25; for the EDFs, the
reference sample is made of ~ 630k galaxies, without any cut
in magnitude (or, cut at the implicit UltraVISTA H-band limit in
COSMOS).

In both cases, the reference sample labels (i.e., the photo-zs)
were not taken directly from the COSMOS2020 catalogue, but
were measured from a dedicated Phosphoros run on the avail-
able COSM0S2020 photometry (from the Classic catalogue, see
Table 3 in Euclid Collaboration: Hartley et al. 2026), ranging
from u to K bands, and then cross-matched with the Fuclid MER
catalogue in the same field, to attach the Euclid observations as
features in the reference sample. In building the core-science
branch reference sample, the Phosphoros templates were ob-
tained from an interpolation of 33 SED-models, including emis-
sion lines, looking for the best-fit photometric redshifts (more
details in Euclid Collaboration: Hartley et al. 2026), with a vol-
ume prior applied. The outcome of the run is a reference sample
whose features are the Euclid, DES, UNIONS, and HSC bands
(for the EDFs), and the Phosphoros-measured photo-zs as asso-
ciated labels, and it is used in NNPZ to evaluate the core-science
results.

We constructed the non-cosmological science reference sam-
ple as follows. In order to associate the PPs and absolute mag-
nitudes with each reference source along with photo-zs, we
drew 50 random redshifts from the PDZ of the above men-
tioned Phosphoros run, and executed another dedicated run of
Phosphoros at fixed redshift on the COSMOS2020 photome-
tries — this time also including the first two channels of IRAC, see
Table 3 in Euclid Collaboration: Hartley et al. (2026) — obtaining
a set of PPs and absolute magnitudes. As such, each reference
source has 50 different realisations with their own photomet-
ric redshifts and correlated PPs and absolute magnitudes. This
procedure ensures a high level of internal consistency between
the core science products and the non-cosmological science re-
sults. The models used in Phosphoros are a set of Bruzual &
Charlot (2003, 2016 version?) templates using the MILES stel-
lar library, with added emission lines; following what has been
done in Euclid Collaboration: Enia et al. (2026), and address-
ing some issues already found in Q1 (see Section 6.1.1 of Euclid
Collaboration: Tucci et al. 2026), we removed models with un-
realistically young ages —log,,(7o/yr) < 8 — and implemented a
complex grid of templates in steps of dz = 0.01, accounting for
a redshift-dependent age prior.

2 http://www.bruzual.org/bc®3/Updated_version_2016/
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Fig. 2. Example of the NNPZ output for a galaxy in EDF-N. The grey his-
togram is the distribution of all the NN, while the purple one is the one
weighted with the product of the y2-distance-inferred weight and the
intrinsic one to smooth out cosmic structures in COSMOS (see Sect. 3).
In blue we report the DESI measured spectroscopic redshift and SFR
obtained from observations of H @ and H 8 emission lines, and in pink,
the (median) PHZ inferred value.

One of the main setbacks of such an ML-based approach is
the risk of overfitting the available reference data: in Euclid, it
would mean replicating what is found in 2 deg” of COSMOS on
the whole 1900 deg? of the extragalactic sky in DR1. For exam-
ple, the existence of large-scale structures in COSMOS must be
smoothed out when searching for the redshifts of galaxies in the
rest of the sky. It might also be possible that extremely massive
galaxies not present in COSMOS with log,((M./Mz) > 12.5
(e.g., Section 10.3 in Euclid Collaboration: Mellier et al. 2025)
do actually exist in the whole ~ 11000 deg’ of the survey. Dif-
ferent measures were taken within PHZ to mitigate and eliminate
these potential problems.

The first is a weight? that is applied to all the objects in
the reference sample, acting as a multiplicative prior for each
NN. This slightly underweights some COSMOS-related redshift
structures while favouring others. The weighting scheme is ap-
plied both for the core and the non-cosmological science part of
the pipeline. Further details can be found in Euclid Collabora-
tion: Hartley et al. (2026).

The second is a factor that accounts for the SED amplitude
scalings between the observed and reference sample colours. For
each NN, there is an associated scaling factor, which enters the
evaluation of PPs. For example, a galaxy with an important scal-
ing between the reference sample’s combined NNs H; magni-
tudes and its own observed H; magnitude will see its stellar mass
properly scaled with respect to the one coming straight from the
combination of the weighted NNs, allowing NNPZ to find ob-
jects with extremely high stellar masses that are not actually

3 This is another weight, not to be confounded with the y? weight as-
signed to the 30 NN, to which is it multiplied when inferring the photo-
zs and PPs.
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present in the reference sample. In Q1, the scaling factor was left
free to vary, generating some troubling cases where wrong red-
shift attributions (particularly low-z galaxies misplaced at high-
z) artificially inflated the stellar masses to unphysical values
log1o(M./My) > 14. For DR1, the allowed values for the scaling
factor are not completely free, but follow a lognormal distribu-
tion, substantially decreasing the presence of such outliers.

The pipeline takes as input the tile-by-tile source catalogues
generated by the MER PF. These include all objects detected
in the I; images or in the NIR-stacked images combining the
Y:, Ji, and H; data (further details available in Euclid Collab-
oration: Kiimmel et al. 2026, and Sect.2 for how these have
been ingested in PHZ). What is inside the final data product
of the non-cosmological science PHZ pipeline is dictated by
the Euclid DR1 Data Model (DMDR1).* The DMDRI1 guar-
antees uniformity and compatibility among the different Level
3 (LE3) science products, strictly defining the content of the
PPs catalogue. In addition to dictating the particular PPs to
be estimated (e.g., stellar mass, SFR, and dust attenuation), it
also specifies the statistical estimators needed for each, which
are the median, mode, and 68% confidence intervals obtained
from the PDFs. These outputs are stored in all the files named
PHYSPARANM. Also, files containing the indices of the reference
sample NNs, weights, and scaling factor for each galaxy are
available (PPSAMPLINGINDEX); finally, files with 50 samples for
each parameter, extracted from the full PDFs, are also avail-
able in the SAS (PPSAMPLINGFILE, only for the Deep Process-
ing). A summary of all the PHZ release output files is given
in Table 2, while an overview of the PPs released in compli-
ance with the DMDRI is summarised in Table 3. Among the
less immediately obvious parameters, SFHAGE refers to the age
of the galaxy (i.e., the time elapsed since the onset of star for-
mation), SFHTIMESCALE is the characteristic timescale of the
star-formation history, usually identified as the 7 parameter, and
MASSFORMED is the total stellar mass ever formed. In Fig.2 we
show an example of an NNPZ output for a galaxy in the EDF-N,
limited to z and SFR. The distributions of the unweighted and
weighted NNs are reported there, where we also report a com-
parison with the known zge. and SFR from Ha and HfS mea-
surements in DESI.

4. Validation

In this section we describe and validate the DR1 data products.
We do this by comparing with well-known, state-of-the-art an-
cillary data, and quantifying the performance using a common
set of metrics.

4.1. Metrics for quality assessment

Following what has already been implemented in Euclid Collab-
oration: Enia et al. (2026), to quantify the performance we define
a uniform set of metrics, with some slight differences when re-
ferring to redshifts or PPs. Here we report their definitions and
refer the reader to Euclid Collaboration: Enia et al. (2024) for
a full discussion on the chosen thresholds and the catastrophic
outlier definition.
We define the normalised median absolute deviation as

|Zpred — Zeestl
——— — b, forredshifts,
1 + Zeest 2

|)’pred — Yeestl — b,  for PPs,

NMAD = 1.48 x median

4 Available here: http://st-dm.pages.euclid-sgs.uk/
data-product-doc/dmdrl/index.html
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with b being the model bias (see below). The outlier fraction is
defined as

|Zpred — Zeest| .
— > 0.15, for redshifts,
I+ Zeest (3

|ypred - ytesll > tout » for PPS,

fout =

with f,,« = 0.4 for stellar masses and f,,; = 0.8 for SFR. We
define the bias as

Zpred — Ztest
b = median 1+ Ziest
(Ypred - Ylesl) >

, for redshifts,
) “4)

for PPs.

In all of those cases, we compare a set of true values zis and
Yeest> With predicted values zpreq and yprea (0n a logarithmic scale
for PPs).

Finally, we also quantify the information on the quality of the
PDFs with the probability integral transform (PIT, Dawid 1984;
D’Isanto & Polsterer 2018). PIT measures the overall distribu-
tion of the cumulative distribution functions of a parameter 6,
p(6), measured at its true values Gy

PIT = fem p6)do, )

—00

where 6 might be either photometric redshifts (in that case,
Ouwue = Zspec) OT a generic physical parameter (e.g., SFRs, with
Oirue being SFR measured from all the spectral information com-
ing from the Ha and H S emission lines). When these correctly
reproduce the PDF of the sources, the PIT is flat. A concave, U-
shaped PIT signals an underestimation of the width of the PDFs
(and thus, the associated errors); the opposite, a convex-shaped
PIT, signals an overestimation. Outliers appear as peaks (i.e., PIT
equal to 0 or 1) at the edges of the distribution. Biases in the
recovered quantities show up in the PIT as an asymmetry with
respect to a flat shape.

4.2. Reference sample and auxiliary fields

As a first necessary step to assess the quality of the PHZ data
products, we must determine how well the reference sample was
built, and how representative it is of the whole generic pop-
ulation. As reported in Sect. 3, the reference sample for non-
cosmological science was obtained from a Phosphoros run of
all Euclid observed galaxies in COSMOS2020 with BC03 mod-
els, for each galaxy at 50 fixed redshifts, which are extracted
from the PDZ of the Phosphoros run made to construct the
core-science reference sample. These labels were then associ-
ated with each reference sample object, having the Euclid obser-
vations of the field as features. There are two reference samples,
one for the EDFs, with 628 281 galaxies, and one for the EWS,
obtained from the former with a cut in H; < 24 or I, < 25, with
374 829 galaxies.

COSMOS is one of the most well-known fields in the ex-
tragalactic sky, with a considerable amount of multi-wavelength
observations able to constrain photometric redshifts and PPs at
the state-of-the-art level. We compared the labels we obtained
for the reference sample with the compilation of spectroscopic
redshifts in COSMOS by Khostovan et al. (2026) — the unique
sources catalogue — as ground-truth for the redshifts, and the
best-fit LePhare results from the COSMOS2020 Classic cata-
logue by Weaver et al. (2022), as the best available compari-
son for stellar masses and SFRs. As already reported in Sect. 2,
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Fig. 3. Comparison between the reference sample for the EWS (first row) and EDFs (second row) used in DRI1. In the first column, the comparison
is made with the subsample of reference sample sources that matched with the compilation of spectroscopic redshifts in COSMOS by Khostovan
et al. (2026). In the third column, the comparison is instead with the best-fit LePhare results for all the reference sample sources that matched
with the COSMOS2020 Classic catalogue (Weaver et al. 2022). The black line is the 1:1 relation, while the shaded grey area is the region beyond
which a prediction is considered to be an outlier. The reported metrics are onmap (purple), the outlier fraction, f,, (blue), and the bias (green),
all defined in Sect. 4.1. The PIT (second columns) is measured as in Eq. (5) for redshifts. The fourth column shows the difference LePhare minus
Phosphoros photometric redshifts, normalized to the LePhare photo-zs, while AM., is the difference between the LePhare and Phosphoros
best-fit measured logarithmic masses (see Sect.3 for further details), and similarly for SFRs. The contours are the area containing 86%, 39%
(corresponding to the 20~ and 10 levels for a 2D histogram), and 20% of the sample.

we selected only sources with redshift quality Qf = 4. We cau-
tion that the spectroscopic samples used for validation are not
representative of the full photometric sample: this quality flag
cut preferentially retains secure redshifts for bright sources or
sources with a high S/N, for which photometric redshift recov-
ery is more reliable. Thus, the reported oxmap and outlier frac-
tions are likely mild underestimates of the true values for the
full survey population, particularly at the faint end. This effect is
reported in Table 4, where the degradation of performance with
increasing /g magnitude is evident.

The results are presented in Fig. 3. In the top panels, we re-
port the results for the reference sample for the EWS; in the bot-
tom panel, the one for the EDFs. The leftmost panels always re-
port the comparison between the Phosphoros-recovered photo-
metric redshifts and the spectroscopic ones, with 33 269 matches
for the EWS and 33 543 for the EDFs. In both cases, the metrics
are almost the same — namely onyvap = 0.007, outlier fraction
around 2.3%, no bias — with an almost negligible difference of
0.1% in the outlier fraction between the EWS and the EDFs,
a consequence of the magnitude cut removing a small fraction
(about 200) of the fainter objects with an incorrect redshift at-
tribution. The PIT distributions, shown in the centre left panel
of Fig. 3, are broadly flat for both fields, indicating that the pho-
tometric redshift PDFs are well-calibrated, with no significant
signs of over or underestimation of the width of the PDFs, and

only a mild excess at the edges of the distribution tracing the
small fraction of catastrophic outliers already captured by fou.

In the right panels, we show a direct comparison with the
COSMOS2020 catalogue, specifically the LePhare redshifts,
where both axes show photo-zs estimates. The difference be-
tween EWS and EDFs is expected, given the magnitude cut
at H; < 24 for the former, which reduces the number of ob-
jects almost by half from 628 281 to 374 829, removing mostly
fainter galaxies, which are more difficult to place in redshift. The
rightmost panels highlight the difference between the LePhare’s
estimated stellar masses and SFRs and the same quantities in
the reference sample (there called AM. and ASFR), colour-
coded per the median normalised redshift difference in the bin
(Zspec = Zphot)/ (1 + Zspec ). As the contours show, the vast majority
(> 95%) of the reference sample has stellar masses and SFRs
in good accordance with the ones from the COSMOS2020 cat-
alogue, within 0.2-0.4 dex for the stellar masses and 1 dex for
SFRs. These checks assure us about the quality of the reference
sample and its use in recovering the photo-zs and PPs for the
Euclid non-cosmological science results.

As a first test of the pipeline results, we compared them with
observations of the EAFs, in particular the innermost part of
COSMOS (called the Performance Verification Phase 5 field, or
PV-005) and the CDFS (a sub-field within the EDF-F). These
fields have been observed multiple times, more than the EWS
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Fig. 4. Results for the COSMOS PV-005 (first row) and CDFS (second row), two of the EAFs. First column: comparison between the PHZ-PP
measured photometric redshifts, and the compilation of spectroscopic redshifts in Khostovan et al. (2026) for COSMOS, and Brammer et al.
(2012) for CDFS, with associated distribution of /z magnitudes (second column, bottom). Other plots and lines as in Fig. 3. Fourth column: the
difference between the LePhare best-fit measured masses in the COSMOS2020 Classic catalogue (first row) and one in 3D-HST (second row),
and the NNPZ measured stellar masses, defined as AM,; similar for SFR. Everything is colour coded per the normalized difference between the
parent catalogue (best) photometric redshift, and the Euclid PHZ one. Contours are the same as in Fig. 3.

or EDFs (see Table 1), which should result in better recovered
photo-zs and PPs. In both cases we used ancillary data to quan-
tify the goodness of the pipeline results, i.e., the previously re-
ported COSMOS2020 catalogues (Weaver et al. 2022; Khosto-
van et al. 2026) and the 3D-HST ones (van Dokkum et al. 2013;
Momcheva et al. 2016). As the main focus of this work are galax-
ies, we further cleaned the samples by removing those sources
flagged as X-ray detected.

The results are reported in Fig. 4. For these fields, we also
applied the photometric, classification, and quality cuts reported
in Sect.2. We once again find reassuring results, with onmaD
of 0.012 (PV-005, on 27574 galaxies with spec-z) and 0.03
(CDFS, on 1536 galaxies with spec-z), and small outlier frac-
tions of 5.5% and 5.6%. The small bias of +0.01 in the CDFS
is probably just a statistical fluctuation due to the small number
and distribution of spec-z objects. The centre-right panels show,
for the spec-z subsamples, the normalised redshift difference as
a function of the distribution of stellar masses and SFRs. For
Ql, as a consequence of the specifics of the method to infer re-
sults for non-cosmological science, similar plots showed how the
non-negligible fraction of objects with unrealistically high SFRs
(10°~* M yr~') were all due to a wrong redshift attribution (see
e.g. Figure 3 of Euclid Collaboration: Enia et al. 2026). In the
new results, the impact of these outliers is limited, if not absent
(the log-normal scaling factor in NNPZ reduces the chances of
finding such extreme objects), and the resulting PPs are indeed
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better constrained and occupy a more reasonable region of the
PPs space.

4.3. Euclid Wide Survey

While the EWS covers the vast majority of the Euclid observed
extragalactic sky, most of the inference regarding the quality of
the data products comes from the EWS-like processing of the
fields with the most ancillary data for comparison, i.e., the EDF-
N for the Northern hemisphere (EWS-N), and the EDF-F for
the Southern hemisphere (EWS-S). The EDFs are obtained by
stacking multiple ROSs on the same field (see Sect.?2, and also
Euclid Collaboration: Aussel et al. 2026; Euclid Collaboration:
Kiimmel et al. 2026); each single pass on the EDFs is effectively
the same as an EWS pass (thus EWS-like processing). There-
fore, we inferred the quality of the data products for the EWS by
looking at the data quality of the single EWS-like processing of
the EDF-F and EDF-N.

The results are shown in Fig.5. The leftmost, centre-left,
and centre panels are for the EWS-N, while the centre-right and
rightmost panel are for EWS-S. The recovered photometric red-
shifts, in accord with the ones from the cosmological pipeline
(Euclid Collaboration: Hartley et al. 2026), show an important
improvement with respect to the ones reported in Q1 (Euclid
Collaboration: Tucci et al. 2026) — o-nmap decreasing from about
0.03 to 0.02, and around 10% fewer catastrophic outliers — where
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Table 4. The quality of the recovered photo-zs in the PHZ-PP pipeline, overall and in bins of /; magnitude.

Field Metic Al 15<1l, <215 215<1l, <23 23<I, <25
N 19291 9510 5884 3756
oxvap | 0.022 0.023 0.018 0.023
EDE-N f (%) 2.8 1.6 25 55
bias 0.00 0.00 0.00 0.00
N 74 9 75 0
oxvap 0023 0.020 0.027
EDF-S Fou (%) 6.8 6.1 8.0
bias +0.01 +0.01 +0.01 .
N 57582 73790 30966 6274
oxap 0.025 0.025 0.024 0.036
EDF-F fo (%) 80 5.6 7.6 142
bias 0.00 0.00 0.00 0.00
N 1536 43 182 1097
oxvap 0.030 0.016 0.016 0.030
CDFS fo (%) 5.6 0.0 2.7 5.4
bias +0.01 0.00 +0.01 +0.01
N 77574 6013 9823 10186
oxvap | 0.012 0.010 0.009 0.015
COSMOSPV-005 "oy 5.5 1.8 2.6 6.6
bias 0.00 0.00 0.00 0.00
N 19291 9510 5834 3756
oxvap 0021 0.017 0.022 0.034
EWS-N fo (%) 37 0.4 38 9.4
bias +0.01 +0.01 +0.01 0.00
N 52582 73790 30966 6274
oxvap 0027 0.024 0.025 0.048
EWS-S fo (%) 7.6 4.4 7.2 16.2
bias 0.00 0.00 +0.01 0.00
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Fig. 5. Results for the EWS-like processing of EDF-N (first, second, and third column), which can be considered as a proxy for the EWS in the
northern hemisphere, and EDF-F (fourth and fifth column), which can be considered as a proxy for the EWS in the southern hemisphere. Contours

are similar to those in Fig. 3.

the impossibility of building a reference sample from observa-
tions of true galaxies forced the use of a reference sample of
synthetic models built from BCO03 galaxies, with some issues es-
pecially in the recovery of the specific SFRs (see Section6.1.1
of Euclid Collaboration: Tucci et al. 2026).

Other than the available compilations of spectroscopic red-
shifts, we also compared the PHZ inferred SFRs with the ones
coming from multiple observations of both Ha and Hf emis-
sion lines in DESI. These are available only for a limited num-
ber (around 3000) of sources in the EWS-N, but are the best
available measurements to compare the SFRs to, and hence the
closest possible ground truth values for this PPs. Accounting for
how the SFRs were estimated — that is, from broad-band photom-
etry extending to 1.6 wm in the observed-frame — the results are

as expected. As reported in the centre panel of Fig. 5, a onmap
of 0.505 and an outlier fraction of 16% (and no bias) are ac-
tually less than what was expected from numerical simulations
(Euclid Collaboration: Enia et al. 2024). The observed scatter
with respect to the 1:1 relation is inherent due to the difficul-
ties of inferring SFRs from the photometric data only and not
just a consequence of a wrong redshift measurement; however,
wrongly measured redshifts populate the vast majority of the
catastrophic outliers found outside of a 0.8 dex cushion, espe-
cially from lower-z galaxies misplaced to higher-z.
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Fig. 6. Results for the Deep processing of EDF-F (top panels) and EDF-N (bottom panels). Left: comparison between the PHZ-PP measured
photometric redshifts, and a compilation of spectroscopic redshifts (see Sect. 2). Other plots and lines as in Fig. 3. Right: like the centre panel of
Fig. 5; for EDF-F the comparison is with the SED-fitting inferred SFR in GOODS-S in 3D-HST; for EDF-N, with the H @ and H detected lines

in DESI.

4.4. Euclid Deep Fields

There are three fields that compose the EDFs: the EDF-N
(20 degz), near the Northern Ecliptic Pole; the EDF-F (10 deg2),
in the Fornax cluster which has been the subject of multiple
multi-wavelength surveys in the past (e.g., GOODS-S); the EDF-
S (20deg?), in an area of the Southern sky where the Galactic
extinction is at its lowest level. While the plan is to observe all
of them with (at least) 40 ROSs, for DR1 there are eleven ROSs
for EDF-N and ten for the EDF-S, and two ROSs for EDF-F.

As reported in Sect. 4.3, we used a compilation of ancillary
data to infer the quality of the data products. The results are re-
ported in Fig. 6. The depth improvement with respect to the EWS
is reflected in the quality of the recovered photo-zs. For EDF-N,
we find onmap = 0.022 and an outlier fraction of 2.8%, with
no bias, using a spectroscopic sample of 19291 galaxies. Since
EDF-F has been observed fewer times, the results are under-
standably poorer, with ooxnmap = 0.026 and an outlier fraction
of 8.0%, for a larger spectroscopic sample of 52 582 galaxies;
this is consistent with what is found for the EWS-like processing
of the same field (see Sect.4.3) and reflects the larger diversity
of galaxy types and redshift distributions sampled by the deeper
observations, as well as the higher fraction of faint sources in-
cluded in the spectroscopic comparison sample. For EDF-S, the
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very limited number of available spectroscopic redshifts (74 in
total, with none fainter than I; = 23, as reported in Sect. 2) pre-
vents a thorough assessment of the pipeline performance; the
metrics we recover — onmap = 0.023, fou = 6.8%, and a pos-
itive bias of +0.01, almost negligible given the small number
of spectroscopic redshifts available — are nevertheless consistent
with what is found for the other two EDFs. In all three fields,
the PIT distributions are broadly flat, indicating well-calibrated
photo-z PDFs, with only minor signs of a slight overestimation
of the PDF widths.

Asin Sect. 4.3, we complemented the photo-z validation with
a comparison of the PHZ-inferred SFRs against external esti-
mates. For EDF-F, we used the SED-fitting inferred SFRs from
the 3D-HST catalogue in GOODS-S (Momcheva et al. 2016),
while for EDF-N, we used the H @ and H 8-based SFRs from the
DESI value-added catalogue (Siudek et al. 2024). The results
are shown in the rightmost panels of Fig. 6. For EDF-F, we find
onMap = 0.419 and an outlier fraction of 16.0%, with a small
negative bias of —0.12 dex with respect to the 3D-HST SED-
fitting SFRs, while for EDF-N we find oxmap = 0.513, outlier
fraction of 17.1%, and a bias b = 0 with respect to the DESI
H « measurements. These numbers are consistent with what is
found for the EWS-like processing (Fig. 5), confirming that the
dominant source of scatter in the recovered SFRs is the intrinsic
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Fig. 7. Insight into the SFMS in the EDFs. Top: SFR—M, relation for the sample with available spectroscopic redshifts, colour-coded by the
normalised redshift difference, in four different redshift bins. Blue squares highlight redshift underestimations, and the opposite for the red ones.
Bottom: SFR—M., plot, compared with a compilation of published SFMS determnations from Euclid Collaboration: Enia et al. (2026, dashed black
line), Popesso et al. (2023, dashed-dotted red line), and Daddi et al. (2022, dotted blue line), all evaluated at the median redshift of each redshift
bin (or to the closest reported value). Dashed grey lines highlight loci of constant sSFR.

difficulty of inferring this quantity from broad-band photometry
alone, rather than a systematic effect introduced by the depth of
the observations or the specific ancillary data set used for com-
parison. As already noted for the EWS, the catastrophic outliers
in the SFR comparison are predominantly associated with catas-
trophic failures in the photometric redshift recovery, with low-z
galaxies misplaced at higher redshift artificially boosting their
inferred SFRs. We note that a complementary view of the Eu-
clid-inferred SFRs could be provided by the statistical compar-
ison with far-infrared photometry from Herschel and SCUBA-2
via stacking, as done in Euclid Collaboration: Hill et al. (2026),
which finds broadly consistent SFRs with respect to the Euclid-
inferred ones for SFMS galaxies in Q1.

For the sub-sample of sources with available spectroscopic
redshifts, we tested the quality of the recovered PPs across dif-
ferent regions of the M,—SFR plane as a function of the nor-
malised redshift residual, in four redshift bins. We then extended
the analysis to all sources in the EDFs satisfying the quality
cuts of Sect. 2, comparing their distribution in the M,—SFR plane
with different published functional forms of the SFMS. In both
cases, we split the data into four redshift bins: [0.2, 0.5], [0.5,
0.8],[0.8, 1.5],[1.5, 3.0]. In the top panels of Fig.7, we report
the median distribution of spec-z galaxies in bins within the
M,—SFR plane, coloured by their normalised redshift distribu-
tion (Zgpec — Zphot)/ (1 + Zspec)- Ideally, when the colours start to
diverge from white it means that the median normalised spec-
troscopic redshift difference in the bin is that of a catastrophic
outlier (see definition in Sect.4). Red values indicate a redshift
over-estimation, while blue values the opposite. The contours

contain the area with 90%, 86%, 39% (corresponding to the 3 o,
20, and 1 o levels for a 2D histogram), and 20% of the sample.
Thanks to the deeper data and especially the different definition
of the reference sample and the scaling in NNPZ, the DR1 results
show an important improvement with respect to the Q1 results,
even in the case when the first two IRAC channels were added
(as visible in Figure 4 in Euclid Collaboration: Enia et al. 2026).
Where the majority of the (spectroscopic) sample lies, the qual-
ity of the recovered photometric redshift is extremely good, out
to z ~ 1.5, still good out to z ~ 3, and with the signs of a (mod-
erately) wrong redshift attribution only for high sSFRs.

In the lower panels, we show the M,—SFR plane for the sam-
ple of SFGs selected with the UV J colours, in terms of con-
tours highlighting the number density of the full sample of SFGs
in DR1. There, we report three previously published SFMS re-
lations for comparison: Eq. (15) of Popesso et al. (2023, red
dashed-dotted line), that is, a comprehensive compilation of
27 SFMS relations from the literature fitted to the same func-
tional form, in the mass range 8.5 < logjo(M./My) < 11.5;
Daddi et al. (2022, dotted blue line), obtained from a stack-
ing analysis of about 400000 colour-selected SFGs in COS-
MOS (Delvecchio et al. 2021), here also in the mass range
8.5 < logo(M./My) < 11.5; and Euclid Collaboration: Enia
et al. (2026, black solid line), a fit of the SEMS on the first Euclid
QI data release, for more than eight million sources in the mass
range 8.0 < log;o(M./My) < 11.5, and about 35 000 in the high-
est mass bin, which better constrains the bending of the SFMS.
We observe reasonable agreement between the SFMS functional
forms and the data, especially in the intermediate, more reliable
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Fig. 8. Stellar mass completeness for the DR1 (Pozzetti et al. 2010), cut at each field depth in Hg (Table 1), shown as the density of galaxies in
the photometric redshifts versus stellar mass plane. The solid grey line is the 95% stellar mass completeness limit, the red dashed-dotted line for
passive galaxies, and the cyan dashed line for star-forming galaxies (SFGs).

redshift bins; going to higher redshifts, the DR1 results are a few
dex (~ 0.1-0.2) higher with respect to the SFMS in Daddi et al.
(2022) and Euclid Collaboration: Enia et al. (2026), and slightly
more in accord with the one in Popesso et al. (2023).

4.5. Stellar mass completeness

In order to estimate the mass completeness of the DR1, we fol-
lowed the method described in Pozzetti et al. (2010). We selected
galaxies close to the limiting H; magnitude of each field, mea-
sured for each galaxy the mass they would have at the limiting
magnitude as

log,o(Miim/Mo) = logio(M../Mo) + 0.4(H;, — Hy i) - (6)

The 95th percentile of the distribution of M)y (z) for each red-
shift bin is the mass completeness, reported in Fig. 8 as grey
lines. The classification into star-forming (dashed blue line) and
passive galaxies (dash-dotted red line) was performed with the
selection criteria based on the UV J colours (Labbé et al. 2005;
Wayts et al. 2007; Williams et al. 2010), but updated to the Eu-
clid rest-frame colours (Euclid Consortium: Mao et al. in prep.).
Given the different field depths and multiwavelength coverage,
we report the mass completeness separately for each field. The
trend is broadly similar across all the EDFs — with EDF-F hav-
ing higher values by ~ 0.25 dex — with the 95% completeness
limit rising from log,,(M./Ms) ~ 8 at z ~ 0.1 to ~ 9.0-9.3
at z ~ 1, and further increasing to log,,(M,/My) ~ 10-10.3
at z ~ 2.5-3. The completeness limit for passive galaxies is
~ 0.4-0.6 dex higher than for star-forming ones at all redshifts,
a consequence of their redder colours and higher mass-to-light
ratios at fixed magnitude. A similar trend is observed for EWS,
although with higher values. We also checked if there were any
differences between the EWS-S and EWS-N and found none. Fi-
nally, as a rule-of-thumb, rescaling the whole mass completeness
to a less conservative 5 o limit — which might be more appropri-
ate depending on the scientific case — means shifting the curves
towards lower masses by (0.30+0.02) dex, if considering a +0.05
variation in the limiting magnitudes.

5. Conclusions

We have described the PHZ pipeline for the Euclid DRI, in
particular the non-cosmological science branch responsible for
recovering photo-zs and PPs of galaxies. The pipeline is built
around the nearest-neighbour algorithm NNPZ, which, for DRI,
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benefits from a fundamentally improved reference sample with
respect to Q1: rather than relying on a grid of synthetic BC0O3
templates, the reference sample is now anchored to real Eu-
clid observations of galaxies in the COSMOS field, matched to
the COSMOS2020 catalogue and labelled through a dedicated
Phosphoros run. This approach ensures internal consistency be-
tween the core-science and non-cosmological science branches
of the PHZ pipeline, since the photometric redshift probabil-
ity distribution functions from the core-science run are directly
propagated into the construction of the PP labels.

We constructed two versions of the reference sample — one
for the EWS (approximately 375000 galaxies, cut at H; < 24)
and one for the EDFs (630 000 galaxies, with no magnitude cut)
— and introduced a set of additional measures to mitigate the
risk of overfitting the sample variance of COSMOS and the oc-
currence of unphysical outliers in the recovered stellar masses,
namely a source-weighting scheme and a lognormal prior on
the SED amplitude scaling factor. The data products released
through the pipeline cover the full extent of the DR1 footprint
— the EWS, the three EDFs, and the EAFs — and include photo-
zs, stellar masses, SFRs, and other properties reported in Table 3,
alongside their associated PDFs (Table 2).

The validation results confirm the quality of the DR1 data
products across all fields and processing depths. The reference
sample itself shows excellent agreement with available spectro-
scopic redshifts, with onmap = 0.007 and an outlier fraction
of 2.3%, comparable to or slightly better than the state-of-the-
art results from the COSMOS2020 catalogue. For the EAFs —
in particular the PV-005 observations of COSMOS and CDFS
— both observed more times than the EWS and reaching depths
of I, ~ 26.2 and 26.4, respectively (Table 1) — oonmap of 0.012
and 0.030 are obtained respectively, with small outlier fractions
and negligible biases, on spectroscopic samples of 28 118 and
1536 galaxies reaching down to I; ~ 25-27. For the EWS, in-
ferred from the EWS-like processing of the EDF-N and EDF-F
(reaching Iy ~ 26.2 and 24.9, respectively, but processed at EWS
depth of I ~ 24.8), onmap of 0.021 (North) and 0.027 (South)
are obtained, with outlier fractions of 3.7% and 7.6% — a signif-
icant improvement with respect to the Q1 results (where onmap
of around 0.03 were reported), driven by the use of a real-galaxy
reference sample. For the EDFs, despite being deeper than the
EWS (at least for the EDF-N with Ig ~ 26.2, while the EDF-F
is more similar at 24.9, compared to ~ 24.8 for the EWS), the
spectroscopic comparison samples are correspondingly fainter,
probing a more diverse and challenging galaxy population; the
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results are nevertheless consistent with the EWS findings, with
onmap of 0.022 and 0.025 for EDF-N and EDF-F respectively.
The comparison of SFRs with DESI H @ and H 8 measurements
yields a onmap of ~ 0.5dex and outlier fractions of ~ 16%,
results that are in line with expectations from numerical simu-
lations and reflect the inherent difficulty of inferring SFRs from
broad-band photometry alone. Finally, the distribution of SFGs
in the M,—SFR plane across the EDFs is shown to be in good
agreement with well-known SFMS relations, further confirming
the overall reliability of the recovered PPs.

Euclid DR1 constitutes a major step forward for extragalac-
tic astrophysics, with nearly 880 million detected sources across
more than 1900 deg” of the extragalactic sky, and reliable photo-
zs and PPs derived from a self-consistent, observation-based
pipeline. It represents the largest homogeneous catalogue of
galaxy physical properties ever assembled. Future data releases,
benefiting from an ever-growing survey footprint, deeper obser-
vations of the EDFs, and continued improvements to the refer-
ence sample and the NNPZ pipeline, will further extend and refine
these results, solidifying Euclid’s role as a cornerstone resource
for the study of galaxy formation and evolution.
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