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ABSTRACT

The European Space Agency’s Euclid mission has issued its first major data release (Data Release 1, DR1), providing a transformative view of the
extragalactic sky through deep photometry and near-infrared slitless spectroscopy. This paper presents the Euclid DR1 spectroscopic data set and
details the evolution of the spectroscopic processing function (SPE PF) pipeline, which is responsible for the automated analysis of 1-dimensional
spectra acquired by the Near-Infrared Spectro-Photometer (NISP). The SPE PF pipeline workflow comprises spectroscopic classification, redshift
determination, and the systematic measurement of spectral features. Emission line fluxes are derived using two independent methodologies: direct
integration (DI) and Gaussian fitting (GF). For sources exhibiting broad H a profiles (velocity dispersion larger than 1500 km s~'), a dedicated
‘QSO mode’ is implemented to robustly deconvolve nuclear and host galaxy components. The data set was validated by cross-matching Euclid
results with external spectroscopic catalogues, specifically Dark Energy Spectroscopic Instrument (DESI) DR1, and through an extensive visual
inspection campaign of approximately 4000 sources within the Euclid Deep Field North (EDF-N). For high-quality samples selected in the EDF-N,
we find a 98.5% agreement between Euclid and DESI spectroscopic redshifts. This success rate increases to 98.9% when incorporating pipeline
probability and reliability estimators. Visual inspection enabled the definition of distinct quality tiers (uncertain, marginal, reliable, and secure),
which are further validated by median-stacked spectra demonstrating consistent spectral features and robust line profiles across all tiers. The Euclid
DR1 spectroscopic data set provides reliable measurements for millions of extragalactic sources, establishing a fundamental baseline for studies
of large-scale structure and galaxy evolution. It also allows the selection of high purity samples of stars and quasars thanks to dedicated template
fitting. Despite the inherent challenges of slitless spectroscopy, the pipeline performance and validated data quality ensure a high-precision resource
for the scientific community.

Key words. Surveys — Cosmology: observations — Methods: data analysis — Techniques: imaging spectroscopy — Galaxies: distances and redshifts

1. Introduction

One of the two main objectives of the Euclid mission (Euclid
Collaboration: Mellier et al. 2025) is to measure galaxy clus-
tering in the redshift interval 0.84 < z < 1.88 (hereafter, the
‘target range’), using spectroscopic redshifts measured from the
spectra provided by the red grism (RGS) of the Near Infrared
Spectro-Photometer (NISP) instrument (Euclid Collaboration:
Jahnke et al. 2025) in the framework of the Euclid Wide Sur-
vey (EWS). The spectra have a resolution of R =~ 500, cover
the wavelength range 1206—-1892 nm, and redshifts in the target
range are measured by identifying the Ha emission line. The
quality (purity, completeness) of spectroscopic samples from the
EWS is estimated using the Euclid Deep Survey (EDS) spectra,
obtained with both RGS and the Blue grism (BGS), through re-
peated observations (25 visits with BGS and 15 with RGS at the
end of the survey). NISP is a slitless spectrometer, which means
that the spectra of all objects on the sky potentially leave a trace
on the spectroscopic exposures. The conditions for a spectrum to
be extracted are that a corresponding object be identified in the
photometric catalogue constructed from the Euclid imaging, and
the spectrum fall at least partly on the detectors. In the frame-
work of the first Euclid data release (DR1; Euclid Data Release
1 2026), this paper presents the quality of the redshifts, the spec-
troscopic measurements, and a classification of sources based on
their spectroscopic properties only. The spectra are extracted for
objects brighter than H; = 23.5 and observed over the area of the

three Euclid Deep Fields (EDFs), as well as over 1900 square de-
grees of the EWS. This paper focuses only on the quality of the
measurements, and not on the criteria to be used to build statisti-
cal samples for cosmological studies, which will be presented in
a separate paper.

The paper is organised as follows. Section 2 describes the
methods of redshift calculation, spectral feature measurements,
and spectroscopic classification. Section 3 presents the results
of the spectroscopic classification, with special attention to the
spectroscopic templates used in the quasar category, which also
include other types to allow the identification of specific objects
like quiescent galaxies. In Sect.4, we describe the results ob-
tained in the EDF North (EDF-N) field, which has the most com-
plete spectral coverage among the three EDFs (Euclid Collabo-
ration: Mellier et al. 2025). They include the results of a visual
inspection campaign and provide a quality criterion independent
of any external redshift catalogue, which could suffer various
kinds of biases. Section 5 presents the results obtained for the
EWS spectra, in comparison not only to external catalogues, but
also to the EDF-N redshifts, which is the methodology planned
for the EWS data set. This includes validation of the emission
line flux measurements, in comparison with external data.
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2. Pipeline description

The SPE processing function (SPE PF) comprises three main
steps: (i) redshift determination for different categories of ob-
jects, (ii) spectroscopic classification; and (iii) spectral feature
measurement. Here we present the main concepts and describe
their updates with respect to Q1, especially the spectral feature
measurements. The main workflow is shown in Fig. 1.

The SPE PF ingests the combined spectra as produced by
the SIR PF (in charge of the extraction, calibration and combina-
tion of individual spectra), which include the signal, its variance,
and flags describing the quality of each pixel (Euclid Collabora-
tion: Scodeggio et al. 2026). SIR processing is run for all sources
present in the catalogues produced by the MER PF (Euclid Col-
laboration: Kiimmel et al. 2026), in batches that correspond to
the sky-tiles defined there. The SPE PF then considers only data
products that the SIR PF has declared valid. The SPE PF first ex-
cludes pixels flagged as ‘Do nNot USE’, as well as the pixels with
poor absolute flux calibration, mainly located at the extremities
of the spectra, where the total transmission is close to zero. Iso-
lated pixels are also discarded, since the analysis of Q1 results
showed that they often induce errors in the solution, and at best
do not improve the results. The calibrated flux for these pixels
is the result of the division by two very small numbers, leading
to large uncertainty. After this pixel selection, the redshift mea-
surement is performed only on spectra containing more than 100
valid pixels. After processing, the SPE PF products are validated,
again at the scale of MER tiles. We have invalidated the tiles in
which no reliable measurement for galaxies was present, using
the criterion gal.spe_z_prob > 0.99 in the ‘galaxy’ category
for reliability (see Sect.2.1 for a description of the parameters
used here).

2.1. Redshift determination

In order to properly identify the different populations of objects
through their spectral properties, the pipeline can process each
object in different configurations, each corresponding to a cate-
gory of objects; there are currently the ‘galaxy’, ‘qso’ and ‘stars’
categories. The redshift determination is based on fitting a model
over a discrete grid of redshifts. The limits and spacing of the
grid can be different for each category, and the various elements
of the models can also differ (single template, combination of
continuum template and emission lines or only emission lines).
For each value of the redshift grid, the parameters of the best
spectroscopic model are derived by y> minimisation, and ulti-
mately a redshift probability distribution function (PDF) is built
over the redshift grid, calculating a joint likelihood over all mod-
els (Le Brun et al. 2026). The peaks of the PDF are then detected
by a simple local maximum detection, then fitted by a Gaussian
function whose width gives the redshift precision, and ranked
following their integral over a +3 o range. The first five red-
shift solutions are then provided. The value of the integral of the
PDF under each peak (over a +3 ¢ interval) is used to compute
the RedshiftProba parameter, which gives an indication of the
relative significance of the different solutions. However, it does
not give an absolute indication of the quality of the measure-
ment. A redshift prior can be applied to the PDF, in the form of
a multiplicative factor over dedicated redshift intervals, in order
to penalise solutions that are unlikely or not targeted. This will
then favour solutions that may be of lower quality, but that could
be filtered out afterwards based on the RedshiftProba or any
other relevant parameter. The possible priors are the so-called
H a prior, which favours solutions for which the H « line is ob-
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servable, the ‘strong line prior’, which acts the same way for the
main strong lines that are likely to be observable ([O 1], [Om],
H ), or a prior on the redshift distribution based on the models
described in Pozzetti et al. (2016). All the tests made for galaxy
clustering showed that the H a prior provided the best results, it
is therefore applied to the ‘galaxy’ category.

The models used for each spectral category are the following.

— Galaxy: The redshift grid spans from 0.01 (to avoid overlap
with the star model) to 5, with steps of 10*ona logarithmic
scale of (1 +z). The values of the redshift are thus discretised
over this grid. This model has been optimised for cosmol-
ogy, which targets strong H « emitters at redshifts between
0.84 and 1.88. Tests have been done with models including
a physical continuum and emission lines, as well as models
forcing the continuum to be zero where it is not significantly
detected (below a given threshold that is a parameter of the
pipeline); the best results are obtained when the continuum
is filtered out from the data using an iterative kernel median
filtering (Garilli et al. 2010), and only emission lines are
modelled. The detection of emission is based on templates
of the relative strength of all emission lines from different
models from the VVDS survey (Le Fevre et al. 2013). As a
consequence, no information from the continuum is used to
derive the redshift, and the corresponding model only con-
tains information on the emission lines. In addition, to im-
prove the purity and completeness of the sample used for
the galaxy clustering measurements, the ‘H a prior’ is used
to build the list of redshift solutions. This allows building
an initial sample as complete as possible, making sure that
all galaxies showing strong Ha emission have the correct
redshift, and reaching the highest purity by discarding low-
quality measurements. However, a consequence of this pro-
cedure is that an emission line can be wrongly identified as
H a, leading to ‘line interlopers’, examples of which can be
seen in Fig. 3. This model is not particularly suitable for low-
redshift (z < 0.84) objects or for quiescent galaxies, whose
spectra exhibit no (or faint) emission lines in the observed
wavelength range. Given the constraints on the data model
that was frozen at the time these tests were conducted, we
have mitigated this weakness by extending the quasar model
discussed below. This was not done at the time of Q1, which
focused on the galaxy clustering results.

— Star: The redshift grid spans from —0.01 to +0.01 with linear
steps of 1073, The model is a pure template fit, with a stellar
template library built from the ESO Infrared Spectra collec-
tion (Pickles 1998), and complemented by ultra-cool dwarfs
(M, L, and T types) collected by the Primeval Universe Sci-
ence Working Group (Bafiados et al. 2025), since these ob-
jects have photometric properties that mimic high-redshift
quasars. Since there is no emission feature in the templates,
the cross-correlation is not effective when the continuum is
not significantly detected, which happens for objects fainter
than H; = 19 in the EWS and in the Fornax Deep Field
(EDF-F) and H; ~ 19.5 in EDF-N and Euclid Deep Field
South (EDF-S). For objects fainter than those limits, there
is no solution for the star category except in cases where
strong residuals from the decontamination or other spatially
extended artefacts produce spurious results.

— QSO: The redshift grid spans from 0.01 to 8 with a loga-
rithmic step of 107, and the model is based on a library
of templates representative of the full spectrum, including
continuum and emission lines. The initial goal was to use
only two templates of broad emission-line quasars: the SDSS
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mean quasar template (Vanden Berk et al. 2001), extended
past 1 um by a simple power law, as for the Q1 release; and
the mean quasar spectrum built by Euclid Collaboration: Fu
et al. (2025) using 3000 QSO spectra observed by Euclid.
However, given the limitations of the so-called galaxy model
described above, with respect to QI results, we have also
added five templates of various types of galaxies, described
in Sect. 2.4. It must then be noted that the category name
might be misleading, since some of the objects for which
this is the preferred classification are not actually quasars.

2.2. Spectroscopic classification

The classification is based on the Bayesian model selection
which compares the probabilities of the three model categories.
The object is assigned to the category having the highest prob-
ability. The probability of a model category is deduced from
the Bayesian evidence or marginal likelihood of the model. It
is the likelihood of the spectrum data integrated over the whole
parameter space of the considered model category. However, if
we used the continuum of the ‘galaxy’ model computed by me-
dian filtering instead of a template fit, the fit would obviously
be much better than for the other categories, whose model is
built on templates that may not reproduce exactly the full spec-
trum. We therefore used a specific tuning for the ‘galaxy model’:
the continuum is first fit using a continuum library based on the
BC03 models (Bruzual & Charlot 2003), without emission lines,
and the y? value is computed with respect to this continuum, in
the same way as for the QSO and star models. The classification
is then based on this specific calculation of y?. After that cal-
culation, we use the continuum estimated by median filtering to
detect the emission lines in the way described in Sect. 2.1. For
the ‘galaxy’ model, the continuum is estimated only at locations
where no emission line is expected at the considered redshift;
hence the amplitude of the emission lines has no impact on the y?
value. Conversely, for the two other models the full spectrum is
used, and the relative weight of the continuum and the emission
or absorption lines is fixed. A residual bias therefore remains in
favour of the ‘galaxy’ model, which does not allow us to give a
fair estimation of the completeness within each category, some
real quasars or stars being wrongly classified as galaxies. This
does not prevent the redshift solution of the corresponding cate-
gory from being correct, and the quality of the classification can
be assessed using only the spectrum or after adding additional
morphological information (see Sect.3).

2.3. Spectral feature measurements

Following the SPE PF procedures described in Euclid Collabo-
ration: Le Brun et al. (2026), line fluxes are measured using both
direct integration (hereafter DI) and Gaussian fit (GF) methods
for each of the five estimated redshift solutions. The DI method
evaluates a global spectral continuum with multi-scale smooth-
ing, first suppressing the most significant line peaks with median
filtering and then estimating the continuum with a boxcar fil-
ter. To further reduce the impact of potentially spurious artefacts
and of the strongest emission lines, before continuum estima-
tion, the spectrum is smoothed with a wavelet transform and the
10 strongest peaks are removed; this procedure is then repeated
on the resulting spectrum to remove any additional peaks that
emerge after the first pass.! The flux of each line is then mea-

! During the analysis of DR1 data, we found out that this procedure
was too aggressive, and the corresponding continuum was lower than

sured on the continuum-subtracted spectrum, integrating sym-
metrically in both directions from the line centre provided by
the redshift solution until the continuum level is reached. The
GF method fits a Gaussian model to the lines, considering as
free parameters the line position (4y), width (o), and amplitude
(1), together with a constant continuum value (c). The line po-
sition is allowed to vary within +o,/(1 +z) = 1073 (the nominal
accuracy on the redshift), and the continuum is estimated over a
30 nm window centred on the line (roughly 20 pixels). The val-
ues of the window and the choice of a constant continuum have
been validated using spectroscopic simulations, which show that
at the expected signal-to-noise ratio (S/N) of Euclid data, the
best results are obtained with these parameter choices. The inte-
grated flux of the line is evaluated analytically as F = V27 I, o,
and its full width at half maximum as FWHM =2+v2In20.

For line complexes expected to be blended at the Euclid res-
olution (e.g., H @ and the [N 1] doublet), or lines whose flux ra-
tios are fixed by atomic physics (e.g., the [Om] or [S1u] dou-
blets), the models are obtained as a combination of multiple
Gaussians, and the lines are fitted together. In this case, we as-
sume the widths of the lines of the complex to be the same, and
the relative line positions to be fixed by their rest-frame wave-
lengths, with only the global redshift left free. In the case of
doublets, the measured flux is the total flux of the doublet; to ob-
tain the measurement for each component, it has to be multiplied
by the corresponding ratios fixed by atomic physics (1/3:2/3 for
[Om] and [Nu], and 1/2:1/2 for [Su]). We note here that in
this case, the GF method will provide the total flux of the dou-
blets: F([Om])gg = F([Om]A4959)gr + F([O m]A5007)gg. The
main difference between DI and GF measurements is seen for
the blended Hea +[Nu] complex: the DI will provide the total
flux of the complex, while GF will provide the deconvolved flux
of Ha and the [N 1] doublet separately.

In the EWS, only the RGS spectra are provided, while in the
EDS both the RGS and BGS spectra can be available. In the sec-
ond case, spectral feature measurements are performed indepen-
dently on each grism data set, and a best combined measurement
is also provided, where fluxes are averaged for the lines present
in the overlapping spectral region when both grisms yield valid
measurements.

For each method, we provide a measurement of the inte-
grated flux, line position, equivalent width, and value of the con-
tinuum and average number of dithers under the line, each with
its associated uncertainty. For GF, we also provide an estimate
of the width (FWHM) of the line. In addition to these quantities,
we provide, for each method, several estimators to quantify the
quality of the line measurement. The S/N is defined as the ratio
between the integrated line flux within +2 o of the line centre
and the mean integrated noise estimated over the same area from
the error spectrum around the line. In addition, a quality flag is
associated with each measurement, as described in Table D.2.

Line measurements are provided for all spectra for lines
considered as ‘main’ (Ly @, [Ou], HB, [Om], Hea, [N1]16585,
[Su]A6718, [S m]A9068, [Sm]19530, Pay, and Pag), while for
all other secondary lines a measurement is stored only if the
amplitude-over-noise (AoN, defined as the peak amplitude of the
line divided by the local RMS of the spectrum) is larger than 2.5.

In the case of very broad H« lines, identified with an in-
ternal velocity dispersion larger than 1500 kms~!' (computed by

the expected one, resulting in fluxes about 15% larger in DI compared
to the GF ones. For DR2, this procedure will be removed, having veri-
fied that this way the measurements from the 2 methods are fully com-
patible.
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SPE Processing Function

Redshift determination
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- Lick and continuum indices (if SIN>10)
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Redshift quality table

spectro_z_spe_quality
spectro_z_spe_classification

Redshift measurements tables

spectro_z_spe_galaxy_candidates
spectro_z_spe_star_candidates
spectro_z_spe_QSO_candidates

\

Spectroscopic features tables

spectro_line_features_spe_line_features
spectro_line_features_spe_atomic_indices
spectro_line_features_spe_molecular_indices
spectro_line_features_spe_continuum_features

Fig. 1. SPE Processing Function workflow. The grey blocks represent the different pipeline components, and the blue ones the tables produced.

convolving the instrumental width with a Gaussian profile cor-
responding to the velocity dispersion during the fit), the pipeline
also has a QSO mode. In this case, we adopt a simplified mod-
elling approach for the H a+[N 1116548, 6584 complex, ex-
cluding a separate [N 1] doublet from the model to avoid degen-
eracies between the narrow [N 1] lines and the wings of a broad
H a component. Instead, we use a dual-Gaussian configuration
for Ha consisting of a narrow component (associated with the
host galaxy or the narrow line region) and a broad component
(tracing the broad line region, BLR), and to reach beyond the
line wings, we extended the width of the fitted wavelength range
to 80 nm. This choice ensures a more robust estimation of the
spectral features of the broad-line component. Extensive tests
were performed to optimise this part of the code, verifying that
with the current settings a broad-line component is correctly re-
covered.

Finally, the pipeline is also designed to measure absorp-
tion lines, namely Lick indices and continuum breaks (like the
D4000), following the same procedure also applied in Euclid
Collaboration: Mao et al. (2026). Standard Lick indices and con-
tinuum feature definitions have been updated to vacuum wave-
lengths. These features are measured only in spectra where the
S/N of the continuum estimated in the window [1350-1750] nm
is larger than 10.

2.4. Templates used in the QSO category

As stated before, the ‘galaxy’ category is tuned for the detection
of the H @ emission line, in order to optimise the cosmological
constraints, which are the primary goals of Euclid. It is therefore
not suitable for all types of galaxy, like quiescent ones, or galax-
ies at z < 0.85, where no prominent emission lines are present
in the NISP observing range except for star-forming galaxies. In
order to improve the value of the spectroscopy-based catalogs
for galaxy-evolution studies without changing the data model
(which was frozen early in the operational timeline for DR1),
we have added to the templates of the ‘QSO’ category several
templates for otherwise lacking galaxy types.

We utilised the SpectraPyle code introduced in Euclid
Collaboration: Quai et al. (2026) for the spectral stacking pro-
cedure, using Euclid spectra from Q1 with available external
spectroscopic redshifts, for different classes of galaxy. We used
the quiescent galaxies (QGs) and star-forming galaxies (SFGs)
at Zgpecext < 1.5, as classified by Mao et al. (2026, submit-
ted) based on rest-frame UV J colours estimated at Zgpecexi- The
SFG population is further divided into blue and red SFGs, with
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U-V<127and U -V > 1.27, respectively. The samples thus
obtained contain 12 190 QGs, 21641 blue SFGs, and 7810 red
SFGs. In addition, we used the sample of type 2 AGN classified
using DESI spectra (Lopez Lopez et al. 2026, submitted).

For each class, spectra were normalised in the common rest-
frame wavelength range before stacking, removing strong line
features where necessary, and were resampled to 0.7 nm per
pixel. Sigma clipping was applied at 4 o, with removal of bad
pixels. These samples, covering a rather wide redshift range
(0 < z < 1.5), allowed us to reconstruct global templates
from rest-frame optical to near-IR. We further extended the tem-
plates to shorter wavelengths using population synthesis models
(Vazdekis et al. 2016).

Figure 2 shows the final templates that we obtained. These
are used in the SPE PF for spectral continuum and feature identi-
fication. In Fig. 2 we also show an example of a quiescent galaxy
identified by the pipeline at z = 0.232.

2.5. Description of the data products

In the Euclid Science Archive,? the SPE PF products are stored
in 12 tables for each of the four survey configurations. The ta-
ble names include a <SURVEY> suffix to identify these configura-
tions. The deep_survey string refers to the EDS, with measure-
ments performed simultaneously on the RGS and BGS stacked
spectra; the wide_survey extension applies solely to the EWS
data. The catalogues with the deep_visits suffix contain the
results on the individual visits made to the EDFs with RGS only,
namely eight observations in EDF-N (seven being complete),
one in the EDF-F, and ten in EDF-S. In these catalogues a given
object can appear as many times as the number of individual vis-
its, with slightly different identifiers, since those are built by the
MER PF from the measured position on each individual image.
The patch_id_list keyword relative to each visit enables the
retrieval of data for each of them. The last type of catalogue is
wide and contains all the single-visit observations, hence includ-
ing EWS, individual visits to EDFs, and some calibration fields.
Among the 12 tables, two contain information relative to indi-
vidual spectra:

— spectro_z_spe_quality gives information about the
quality of the redshift measurement process, such as the
number of pixels used, the wavelength range, the number of

2 https://www.cosmos.esa.int/web/euclid/
data-release-drl
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Fig. 2. The top panel shows templates of five populations. Type 2 AGNs are classified using DESI spectra, QGs and SFGs are classified using the
rest-frame UV J diagram, and red and blue SFGs are separated by U — V = 1.27. The bottom panel shows a Euclid DR1 spectrum with z = 0.232
obtained from QG template fitting. The object has a magnitude Hy = 15.5.

individual dithers, and any errors that occurred during the
processing;

— spectro_z_spe_classification contains the results of
the classification process, namely the probabilities associ-
ated with each class and the resulting output.

Three other tables contain the results of the red-
shift measurements for each of the models, named
spectro_z_spe_<CLASS>_candidates_<SURVEY>, where
<CLASS> has one of the three possible values, galaxy,
star or gso. There can be up to five solutions per ob-
ject in each table, identified by the spe_rank parameter,
with the O value being the most likely solution. These ta-
bles also contain the computations from the model fit, as
described in the SPE data model.> The next three tables
(spectro_model_z_spe_<CLASS>_models_<SURVEY>) have
been filled in the same way as the previous ones, and contain,

3 http://st-dm.pages.euclid-sgs.uk/data-product-doc/
dmdr1/spedpd/dpcards/spe_spepfoutputcatalog.html

for each of the three classes, the model parameters that were
used to derive each redshift solution for each object.

Four additional tables contain the spectral feature measure-
ments performed on the spectra, namely emission-line fluxes and
corresponding quantities: continuum features, and atomic and
molecular indices (see Sect.2.3 for an extended discussion). For
each object, there are as many lines in each table as the number
of measured lines for each of the redshift solutions provided.
This number can be variable since for secondary lines, mea-
surements are computed only for the most reliable ones (AoN
> 2.5). In each table, the measured feature is identified by
SPE_<MEAS TYPE>_NAME (where <MEAS TYPE> is either LINE,
AT_IDX, MOL_IDX, or CNT_FEAT) and the corresponding redshift
rank (SPE_RANK=0 for the best redshift solution).

The large number of tables present in the archive comes from
the direct copy of the files produced by the pipeline into the Sci-
ence Archive. This will be improved in the next releases; in the
meantime, a sample query that allows one to retrieve the most
common results is given in Appendix C.
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3. Classification results

The SPE PF pipeline for DR1 classifies Euclid spectra into three
categories, namely ‘galaxies’, ‘stars’, or ‘quasars’. In addition to
giving the most probable class, a probability is attributed to each
one.

The main caveats of the classification, already described
in Sects.2.2 and 2.4, can be summarised as follows. The
‘galaxy’ category is meant to gather galaxies with emission-line
spectra, with a cap on line width, which is optimal for building
the cosmological sample (the complete description of this
sample is described in Euclid Collaboration: Markovic et al.
in prep.). For technical reasons, the ’QSO’ category of DR1
collects not only quasars, but also other types of galaxies
whose spectra display a strong continuum component, in
particular QGs and type II AGNs. Because of details of the y?
calculations used for the classification procedure, there may
be biases in its results. In the rest of this section, including
Table 1, we call galaxies only the objects fit using the ‘galaxy’
class after continuum subtraction, and ignore the galaxies
fitted by galaxy templates stored in the QSO class. We call
QSOs only those objects that are best-fitted by one of the two
quasar templates: optical_nir_gso_template_vl.txt;
and ComposantesPCA4_meangso.txt. These  names
are the values of the spe_cnt_tpl_id column in the
catalogue.spectro_model_spe_qgso_models_<SURVEY>
table that allow users to actually identify quasars.

To validate our classification, we use the DESI survey (DESI
Collaboration: Adame et al. 2024) as a reference. We match the
DESI catalogue with the SPE PF EWS and EDS catalogues us-
ing a 0’2 radius, a cut based on the distance histogram to avoid
random associations. As the DESI survey mainly focused on
emission line galaxies and quasars, it is expected that the clas-
sification from the two surveys match. In Table 1, we present
the fraction of objects whose classification agrees with DESI.
We compute it both using the most probable class for all ob-
jects (third column) and restricting our analysis to objects with
one class having a probability higher than 0.99 (fourth column).
Since most objects have a high probability for a single class, this
has a small impact on the results. To ensure that only reliable
spectra are used in our analysis, we set minimum numbers of
valid pixels and of median number of dithers: 300 and 3 for the
EWS, respectively, and 800 and 12 for the EDS.

In the EWS, the SPE PF galaxy sample is highly contami-
nated by stars, with only 64 % of objects also classified by DESI
as galaxies. Since galaxies are expected to be extended objects
compared to stars and QSOs, which are point-like, we matched
our sample with the MER point-like probability based on the Eu-
clid visible imaging. If we consider only objects with a point-like
probability lower than 0.5, the fraction of objects in agreement
with DESI jumps to 98 %. In the EDS, the fraction of agree-
ment with DEST is 79 % using only spectroscopy, and 98 % when
adding the point-like criterion.

Objects classified as stars by the SPE PF are, with an ex-
cellent rate of agreement (99% in both EDS and EWS), also la-
belled stars in DESI. If we assume that the DESI sample is rea-
sonably representative, we can thus conclude that the star sam-
ple has a high purity. However, a large fraction of DESI stars
are classified as galaxies (35 082 compared to 21 997 stars clas-
sified as stars), and the completeness is thus limited. These spu-
rious galaxies could be caused by random lines produced by the
noise in continuum-subtracted stellar spectra. Good performance
in terms of purity is also obtained for QSOs, with 88 % agree-
ment in the EWS, and 95 % in the EDS. However, no more than
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Table 1. Performance of the SPE PF spectral classification, estimated
using DESI as a reference. See text of Sect.3 for the definitions of the
object types used in this table

Main SPE PF  Additional Fraction agreeing with DESI

type criterion PR Py > 0.99
EWS
Galaxies None 0.646 0.647
Galaxies Extended 0.982 0.982
Stars None 0.996 0.996
Stars Point-like  0.997 0.997
QSOs None 0.882 0.880
QSOs Point-like  0.881 0.878
EDS
Galaxies None 0.786 0.787
Galaxies Extended 0.984 0.984
Stars None 0.986 0.986
Stars Point-like  0.997 0.997
QSOs None 0.955 0.954
QSOs Point-like  0.951 0.951

5 % of DESI quasars are similarly classified by SPE, and most
of the QSOs leak into the galaxy class.

4. Redshift measurements in Euclid Deep Field
North

For the Q1 data release, only a single RGS visit of the EDFs was
available (Euclid Collaboration: Aussel et al. 2026). For DR1,
the EDF-N benefits from seven complete RGS and three BGS
visits. In this section, we characterise the performance on red-
shift measurement of the EDS data by combining all the DR1
data in the EDF-N using a comparison with DESI (Sect. 4.1).
We also performed a campaign of visual inspection focused only
on the redshift and flux range used for cosmology in the EWS
(0.85 < z < 1.85, Har flux larger than 1.5 x 107'¢ ergs™' cm™2,
Sect. 4.3).

4.1. Comparison with DESI

The combination of depth and wavelength coverage in the EDF-
N corresponds to an uncharted parameter space. Thus, it is hard
to fully validate the performance using ancillary data. However,
the DESI survey (DESI Collaboration: Adame et al. 2024) pro-
vides us with a reliable reference catalogue up to z = 1.6 (Euclid
Collaboration: Le Brun et al. 2026).

For this comparison, we focus on a sample of high-quality
spectra classified as ‘galaxy’, with a high number of valid
pixels spe_npix>800 and a median of at least 12 dithers
(spe_n_dith_med > 12). Similarly to Euclid Collaboration: Le
Brun et al. (2026), we also apply a criterion on the velocity dis-
persion to reduce the number of false systems (< 1500 kms™),
and restrict our analysis to spatially extended objects (proba-
bility of being point-like from MER lower than 0.05) to avoid
contamination by stars. We then match our catalogue with DESI
using a maximal search radius of 0”2.

In Fig.3, we compare the EDS redshifts with DESI. To
avoid crowding the figures with incorrect redshifts, we re-
stricted our analysis to galaxies with a good SPE PF probability
(gal.spe_z_prob > 0.99). A large fraction of the objects are
on the one-to-one relation, where DESI and SPE PF redshifts
agree. The precision obtained for these specific objects is better
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than that obtained in Q1 (07a;/(1+7 = 0.0003 in DR1 EDFs versus
0.0008 in Q1), which is discussed in Appendix A.

We observe catastrophic outlier redshifts distributed all over
the plane. As explained in Euclid Collaboration: Le Brun et al.
(2026), these correspond to noise interlopers (Euclid Collabora-
tion: Granett et al. 2026; Euclid Collaboration: Quai et al. 2026),
which are wrong redshifts caused by a noise peak interpreted
mainly as Ha. We would also have expected the presence of
line interlopers (also discussed in the previous references), cor-
responding to one line misinterpreted as another. These interlop-
ers are expected to form diagonal features, along the dotted lines
of Fig.3. The Q1 data contained such features, but we do not
identify any of them in the DR1 EDS data. This shows how the
addition of the BGS and the deeper data avoid redshifts based on
a single line, and reduce the presence of line interlopers dramat-
ically.

The fraction of correct redshifts depends on the measured
redshift. We chose to use the following limits for our redshift
bins: 0.1 (arbitrary value to select very low redshifts), 0.41 (Ha
entering the BGS), 0.84 (Ha entering the RGS), and 1.6 (ap-
proximate upper limit of the DESI galaxy sample). We then var-
ied the SPE PF probability threshold, and, similarly to Euclid
Collaboration: Le Brun et al. (2026), we considered a redshift to
be correct if |zspg — zpgsi| < 0.003. The results are shown in the
right-hand panel of Fig. 3 (solid lines).

As expected, the fraction of correct redshifts increases with
spe_z_prob. However, even for high probability values, the
fraction of correct redshifts does not reach values above 80%;
while the requirement is above 99% in the redshift range used
for galaxy clustering measurements. This result is most likely
due to the incomplete observing time for the EDF-N. The per-
formance is best in the 0.84 < z < 1.6 range (75 % of correct
redshifts for gal.spe_z_prob > 0.99). This is expected, since
the H« line is then detected in the RGS, where the sensitivity
is better. There is no significant change of performance in the
two redshift bins above and below 0.41, indicating that the pres-
ence of Ha in the BGS is not essential, since other lines (such
as [Sm]), can be used to derive the redshift. In contrast, the frac-
tion of correct redshifts remains relatively low at z < 0.1 (42 %
of correct redshifts for an SPE PF probability higher than 0.99).
This could be caused by either the fact that low-z galaxies tend
to have large angular sizes, thus diluting the signal, or the lack
of bright lines in this redshift range, or both.

4.2. Combination of spectroscopic and photometric redshifts

Finally, we combined the SPE PF information in the EDF-N with
the photometric redshifts from PF-PHZ (Euclid Collaboration:
Hartley et al. 2026) to build a reliable reference spectroscopic
sample over a wide range of redshifts. We select an object only
if its SPE PF redshift is within the 95 % confidence interval of
PHZ. With this selection, the fraction of correct redshifts is al-
ways higher than 80 % for an SPE PF probability threshold of
0.99, and reaches 98 % for the 0.84 < z < 1.6 range, where Ha
is detected in the RGS. It highlights how powerful the combina-
tion of spectroscopic and photometric information is. In Sect. 5,
we use this reference sample to measure the performance of the
redshift measurement in single EWS-like visits in the EDF-N to
estimate EWS performance, and in Appendix B, we discuss the
redshift distributions of the high-quality spectra with and with-
out using PHZ for the selection.

4.3. Redshift measurement quality visual inspection

The only external reference sample that can be used on EDS
is DESI, which suffers some biases regarding the redshift range
and the galaxy population, as the spectroscopic sample is built
after selection on dedicated photometric quantities, while EDS
is limited only by magnitude and geometrical constraints. It was
therefore necessary to evaluate the performance of the redshift
measurement in an independent way, and the only possible one
is a human inspection and validation of the results. The com-
pleteness and quality of DR1 observations are very dependent
on the field: the EDF-F has been covered by only one visit in
each grism and EDF-S by 10 RGS visits, while the EDF-N has
received seven complete RGS and three BGS visits. The lat-
ter is then the only field that could currently be used as refer-
ence to evaluate the purity and completeness of the EWS. We
therefore have decided to conduct a visual inspection and red-
shift validation campaign on this field. This exercise explicitly
focuses on the cosmology target sample (0.85 < z < 1.85 and
FHa) > 2 x 10’16erg s~! em™2), for which the EDF sample is
intended to be used as a reference, but can be extended to other
redshifts by using similar criteria for emission lines other than
Hea.

The first step was to establish criteria on spectrum quality,
object properties, and spectroscopic measurements identical to
the criteria used by the galaxy clustering SWG and check they
produce the highest agreement with DESI DRI1. The criteria
used are spe_n_dith med > 15 and spe_npix > 800 to en-
sure complete spectra built from a sufficient number of indi-
vidual visits. We also restricted the study to objects satisfying
mer.point_like_prob < 0.05, mer.spurious_prob < 0.5,
and mer.kron_radius < 50. These criteria are those used by
the Galaxy Clustering Science Working Group to exclude point-
like objects (mainly stars), large objects (for which the redshift
is unlikely to be actually greater than 0.85), and also exclude ob-
jects whose reality is uncertain. We selected objects with a mea-
sured redshift between 0.85 and 1.85 to ensure that the H @ line
is detected in the RGS spectrum, and with an H« flux greater
than 1.5 x 107'% erg s! cm~2to ensure completeness at the level
of 2 x 10710 ergs™! cm~2when taking the uncertainties in the
measurement into account. We discarded low-quality flux mea-
surements using the spe_line_snr_gf > O criterion and se-
lected measurements made on either the RGS or combined be-
tween the two grisms. With this selection, based on the spec-
tral quality and the target redshift range, there is 98.5% agree-
ment between the Euclid and DESI redshifts over 3985 ob-
jects. To further improve the results, the gal.spe_z_prob and
gal.spe_z_rel parameters can be used. The latter is a prob-
ability calculated by an ML algorithm trained on the PDFs of
objects from which the redshift is known. This latter quantity is
intended to be applied to EWS objects using the EDS redshifts
as references for the training, and the current values have been
calculated using simulated data from the EL-COSMOS (Saito
et al. 2020) field. The results on DR1 data are therefore not opti-
mal, since the training data need to be representative of the data
to which the model is applied; however, excluding small values
for gal.spe_z_rel allows the exclusion of a small fraction of
wrong redshifts without losing the correct ones. Combining the
criteria gal.spe_z_prob > 0.94 and gal.spe_z_rel > 0.05
gives a sample of 3863 objects with a 98.9% success rate com-
pared to DESI. The difference with the numbers obtained in
Sect. 4.1 comes from the criterion added on the H « flux, which
leads to better measurements of redshift.
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Fig. 3. Left: Comparison between the SPE PF high-quality EDS galaxy redshifts in the EDF-N and their DESI counterparts. Only redshifts selected
for their high quality (see Sect.4.1) are displayed in this figure. The colour coding indicates the density on a logarithmic scale. The dotted lines
show the 1:1 relation and expected position of the main lines that could be misidentified as H a. The top of the panel contains the range covered
by the BGS and RGS for each line (overlapping region in purple). Right: Fraction of correct EDS redshifts in the EDF-N as a function of the SPE
PF redshift probability cut in various redshift slices and estimated using DESI redshifts as a reference: z < 0.1 (blue); 0.1 < z < 0.41 (orange);
0.41 < 7 < 0.84 (red); and 0.84 < z < 1.6 (purple). The solid lines correspond to all the high-quality galaxy spectra. The dashed lines correspond
to a high-purity sample used as a reference for the EWS for which the redshift from SPE PF and PHZ agree (see Sect. 4.2).

We then applied these criteria to the full EDF-N catalogue,
resulting in a sample of 76 002 objects. In order to allow vi-
sual inspection and evaluation of the redshift measurements in
a reasonable amount of time, we first randomly selected a sub-
sample of 4000 objects. This list was made available for visual
inspection to a set of volunteers, regardless of past experience
in redshift measurement. The tool developed within the Galaxy
Evolution Science Working Group (Euclid Collaboration: Quai
et al. 2026) randomly assigns objects to each participant, and al-
lows for multiple assignments for each object to take human bi-
ases into account. The process was intended to last for 6 weeks,
and was extended to 8. At the end of the 6th week, the random
assignment algorithm was modified in order to make sure that
all objects would be inspected at least once and to increase the
fraction of objects inspected at least twice. At the end of the pro-
cess, all objects had been inspected, and 2044 (51%) had been
inspected three times or more. The participants were asked to vi-
sualise the spectra together with the redshift solutions provided
by the PF SPE, and assign a quality index between 1 and 4 to the
redshift solution, with the following meaning.

1 indicates that the assigned redshift could not be confirmed,
and that no reliable redshift could actually be assigned given
the quality of the spectrum;

— 2 indicates evidence that an emission line is present in the
spectrum, but no other line could be used to get a reliable
value of the redshift. We noticed that, depending on the ex-
pertise and confidence of the participant, spectra showing an
asymmetric profile, indicating the presence of the H a-[N 1]
complex, could enter into this category

— 3 indicates that more than one emission line is detected, lead-

ing to a reliable redshift value, but that either poor S/N for

one of them, or other features in the spectrum can induce

some doubt. An asymmetric profile, indicating the H a-[N 1]

complex, often falls into this category

4 indicates an unambiguous value of the redshift.
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Table 2. Visually assigned quality of redshifts in EDF-N.

Quality Total sample > 3 inspections

(4000 objects) (2044 objects)
Uncertain 51 (1.3%) 37 (2%)
Marginal 695 (17.4%) 376 (18%)
Reliable 2036 (50.9%) 1053 (52%)
Secure 1218 (30%) 578 (28%)

To formalise these results, the individual grades are com-
bined into a mean grade (g), on which we define four quality
categories:

— uncertain ({g) < 2.5); a majority of inspectors considered the
redshift as uncertain (even with the presence of a significant
emission line);

— marginal (2.5 < (g) < 3); at least one inspector considered
the redshift likely correct;

— reliable (3 < (g) < 3.5); inspectors agreed on average that
the redshift is likely correct, with at least one clear spectral
feature identified;

— secure ({g) > 3.5); strong consensus that the redshift is cor-
rect, with multiple unambiguous emission lines detected.

In order to take into account the individual biases of inspec-
tors, and to mitigate extreme optimism or conservatism, we used
the median value of the grade for the objects that were rated three
times or more. For some specific objects, that showed a unique
significant emission line but whose profile asymmetry strongly
favours the identification as Ha distorted by the neighbouring
[N 1] doublet, they may have been assigned a grade 2 by review-
ers who tended to give a conservative validation. The partition
in raw numbers and fractions of the four categories is shown in
Table 2. As can be seen, the distribution is consistent whether
objects have been graded at least three times or not, and one can
ultimately consider that about 80% of the redshifts are correct
in the EDF-N cosmological sample, as long as an emission line
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Fig. 4. Median-composite spectra of the 4000 galaxies in the visual-inspection sample, grouped by the median redshift-quality flag assigned during
the visual-inspection campaign (Sect. 4.3). The shaded regions represent the uncertainties on the median-composite spectra, estimated through
bootstrap resampling with replacement. The upper panel shows the number of spectral pixels contributing to the composite in each wavelength

bin, including the BGS and RGS.

is detected with a flux larger than 1.5 x 107'%erg s™! cm™2 in the
RGS spectrum. Indeed, for other strong emission lines, the de-
tection of [O m] would imply the presence of the second line of
the doublet and possibly H S, rendering the confusion with H «
or [Om] quite rare given the quality of the spectra. The main
confusion that could arise is an [O 1] line being identified as Ha
at redshift greater than 2.6, when [Om] is not detected in the
RGS spectrum. However, our validation shows that the asym-
metry of the Ha-[Nn] complex is most of the time correctly
identified, and the presence of Ha in the RGS at wavelengths
above 1300 nm would most likely be linked to [O 1] in the BGS
spectrum, reducing the risk of mistake. The fact that the perfor-
mance is lower than the initial value obtained in comparison with
DESI is likely due to the bias of the selection in DESI, targeting
brighter and more star-forming galaxies than Euclid.

To illustrate the visual-inspection classification, we used
SpectraPyle (Euclid Collaboration: Quai et al. 2026) to con-
struct median-stacked spectra for the four quality categories de-
fined above. The BGS and RGS spectra were treated as separate
spectral entries throughout the stacking procedure, rather than
being combined on a source-by-source basis. Thus, when both
grisms are available for a given galaxy, the corresponding BGS
and RGS spectra can both contribute to the stack, including in
the wavelength region where their rest-frame coverage overlaps.
Each spectrum was individually shifted to the rest frame and nor-
malised by its median flux. The normalised spectra were then re-
sampled onto a common linear wavelength grid with a fixed pixel
size of 0.5nm. Within each quality category, the final stacked
spectrum was obtained by taking the median flux of all con-
tributing spectra at each wavelength pixel. The resulting stacks
are shown in Fig. 4. A clear qualitative sequence emerges across
the four visual-inspection classes. The ‘Secure’, ‘Reliable’, and
‘Marginal’ categories all yield coherent rest-frame stacked spec-

tra, with a progressive decrease in the continuum S/N and in
the detectability of the weakest spectral features toward lower-
confidence classes. The ‘Secure’ and ‘Reliable’ stacks display
the main optical nebular emission lines, including [O u]A3727,
Hp, [0m1]124960,5008, the Ha +[N1]116549,6585 complex,
and [S]A16716,6731, together with weaker transitions such as
[Nem]13869, He 115877, [01]146300,6364, [Arm]A7138, and
[Sm]229069,9532. Several of these weaker features are diffi-
cult to identify robustly in individual Euclid spectra, but become
clearly visible in the stacked data. This shows both the quality
of the Euclid slitless spectra and the strong potential of stack-
ing techniques to extend their exploitation beyond the primary
cosmological goals of the mission, enabling the study of intrin-
sically faint spectral diagnostics.

The ‘Marginal’ stack remains fully consistent with this
picture: the main emission-line pattern is still clearly recov-
ered, while the continuum is noisier and the weakest transi-
tions become progressively less evident. The ordered evolu-
tion of the stacked spectra from the ‘Secure’ to the ‘Marginal’
category therefore provides a qualitative validation of the
visual-inspection classification, with decreasing confidence cor-
responding to a progressive loss of spectral coherence and in-
formation content. The ‘Uncertain’ stack behaves differently; al-
though some emission-like features are still visible, their pres-
ence cannot by itself be interpreted as evidence that the cor-
responding redshift estimates are correct. As discussed in sec-
tion 5.2 of Euclid Collaboration: Quai et al. (2026), low-quality
redshift solutions can arise when random noise fluctuations are
interpreted as emission lines by the template-fitting procedure.
Since the redshift determination relies on templates contain-
ing multiple emission features, spectra assigned an incorrect
redshift can nevertheless produce apparently coherent features
when shifted and stacked: noise fluctuations that contributed to
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the template match become aligned at the expected rest-frame
wavelengths, allowing features such as HB, [OIII], He, and
[SII] to emerge even in a population of redshift contaminants.

5. Redshift quality in Wide Survey
5.1. Comparison with DESI redshifts

To estimate the SPE PF performance on redshift measurement
in the EWS, we matched the redshifts obtained from the RGS
data of individual visits to the EDF-N fields with the DESI DR1
results. Indeed, those individual visits have the same exposure
set-ups as those of the EWS. We have considered the seven com-
plete visits, which were observed at different dates with different
orientations of the spacecraft, as independent observations and
matched them with the DESI values, after applying the quality
criteria recommended by the DESI collaboration to ensure a fail-
ure rate of a few percent at most. The success rate we derive is
thus a lower bound if one takes into account those few wrong
DESI values, but likely to be very close to reality. Each DESI
object could then be matched with up to seven Euclid measure-
ments using a procedure similar to that described in Sect. 4.1. We
used the same criteria on all parameters but spe_z_prob as in
the EDF-N to build a high-quality sample, but we require only
300 valid pixels and a median of more than three dithers. The
redshift distribution is discussed in Appendix B.

In Fig.5 (top left), we compare the SPE PF redshifts with
DESI. For 0.84 < z < 1.88, where H « is detected in the RGS,
a large fraction of them are on the 1:1 relation with a correct
redshift. Contrary to the EDF-N (Fig. 3), most of the noise inter-
lopers are located in the 0.84 < z < 1.88 range. This is caused by
the H & prior used in the EWS to maximise the completeness of
the cosmological sample, pushing them into this redshift range.
We can also observe line interlopers corresponding to Pag, Her,
and [S m]19532 misidentified as H a.

5.2. Comparison with the Euclid Deep Survey

The EDS provides a more complete sample than DESI to char-
acterise the EWS. In the EDF-N, the EWS high-quality sam-
ple contains 974 487 sources (about 140 000 per visit), but there
are only 29394 sources with a DESI counterpart. The EDS
high-quality reference with compatible photometric redshifts
(Sect.4.2) contains 236 740 objects and extends to higher red-
shift (up to z = 4.07 with [Ou]). This sample is only a fraction
of the full sample, but these objects have a much higher median
SPE PF redshift probability than what is obtained without using
PHZ (0.99995 versus 0.996). Using this quality criterion, we are
thus mainly excluding objects with lower reliability.

In Fig. 5 (top right), we present the comparison between the
EWS and the EDS high-quality reference sample (Sect.4.1) in
the EDF-N. At z < 1, the results are similar to the comparison
with DESI. At higher redshift, we observe that the 1:1 feature
corresponding to correct redshifts extends up to z = 2.78, where
[Om] exits the RGS. Using the EDS as a reference, we can see
that the reference redshift of random interlopers extends beyond
z =~ 3. The most important result is the presence of a sizable
population of [O ] interlopers, which were missing in the Q1
results but expected from SPE PF pre-flight simulations (Euclid
Collaboration: Granett et al. 2026). We also have HS and [O 1]
interlopers, but they are rarer and barely visible in the figure.
This confirms that the redshift range used for cosmology can be
contaminated by objects at higher redshift, but we also know that
the value adopted for the strength of the H @ prior (Sect.2.1) is
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probably not optimal. It was tuned on the Q1 data, which were
of lower quality, and it may be too strong for the DR1 data. A
dedicated tuning using up-to-date data is planned for DR2.

To better visualise the interlopers, we computed the distribu-
tion of the following quantity

1+ 258 _ Aews )
1+25%  Aeps’

where ZISPDS are the EDS redshifts assuming the main line has
a wavelength Agps. Similarly, z55 is the redshift from EWS,

while Agws is the wavelength of the assumed main line, which is
usually H & considering the prior applied by the algorithm. This
distribution is shown in Fig.5 (bottom left). In this histogram,
the correct redshifts are located at unity, and noise interlopers
are smoothly distributed around this value. The vertical dotted
lines correspond to the expected positions of the various line in-
terlopers. The two most prominent peaks correspond to [O ]
and [Sm]19532 misidentified as H @, and contain, respectively,
12 and 44 times fewer objects than the peak of correct redshifts.
There are other secondary peaks that can be clearly identified:
He1, Pag, HB, and [Ou]. Other weaker features cannot be un-
ambiguously disentangled from the noise.

5.3. Estimated fraction of correct redshifts

Both DESI and the EDS can be used as a reference to estimate
the fraction of correct redshifts in the EWS. In Fig.5 (bottom
right), we show our results in various redshift bins. Since the
EDS can be used as a reference at higher redshift than DESI, and
z = 0.41 corresponding to H a entering the BGS is irrelevant for
EWS data, we now use different borders between bins than in
Sect.4.1: 0.1, 0.84, and 1.88 (H « exiting the RGS).

Below z = 0.84, where both DESI and the EDS provide solid
reference samples, the estimated fractions of correct redshifts
agree with each other. At z < 0.1 (blue lines in the bottom-right
panel of Fig.5), similarly to what was found in Euclid Collabo-
ration: Le Brun et al. (2026), the fraction of correct galaxy red-
shifts for galaxies is very low (< 10 %), according to both refer-
ence samples. Between z = 0.1 and z = 0.84 (orange lines), this
fraction increases from about 40 % to 60 % when we increase the
SPE PF probability threshold. This is a large improvement com-
pared to the <10 % obtained in Q1. Nevertheless, our success
rate remains modest, highlighting the challenge of deriving reli-
able redshifts when H « is not in the RGS. The two [S m] lines,
H1 and Pag are useful, but usually rather faint.

In the redshift range where Ha is in the RGS (0.84 < z <
1.88, red lines), the estimate of the fraction of correct redshifts
is approximately 10 percentage points larger using the EDS as
a reference, whatever the SPE PF probability threshold. This
might seem surprising considering the EDS reference contains
fainter and higher redshift objects (up to z = 1.88). However,
as shown in Appendix A of Euclid Collaboration: Le Brun et al.
(2026), the correct fraction tends to be paradoxically higher for
objects with a fainter H; magnitude. In this study, we do not
consider other criteria on the Ha flux or S/N to keep our anal-
ysis homogeneous over the various redshift ranges, but we pre-
viously showed that a tailored selection can lead to even higher
performance (Euclid Collaboration: Le Brun et al. 2026).

Finally, we examined the redshifts above z = 1.88 where H o
is no longer available, but [Om], HB, and [O ] are. While the
very small fraction of objects with a DESI counterpart suggests
poor performance (<3 % of correct redshifts, solid purple line),
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Fig. 5. Top: Same figure as Fig. 3 (left panel), but for the single visits of the EDF-N corresponding to the EWS observations. Only the RGS is
shown, since the BGS is not used in EWS. In the left panel, we use DESI as a reference, and the high-purity sample from the EDF-N redshifts
combined with PHZ in the right panel. Bottom left: Distribution of (1+z505)/(1+ zEme ) for our high-purity reference sample with a similar EDF-N
SPE PF and PHZ redshift (see Sect. 4.1). A line misidentification between two given lines will always be located at the same position on the x-axis
(ratio of the wavelengths of the lines). The position corresponding to the misidentification of a given line with Hea is shown as a dotted vertical
line, and the correct redshift 1:1 relation is shown as a dashed vertical line. Botfom right: Analog of Fig. 3 (right panel) but for the EWS. We use

different limits between the redshift bins: 0.1 (arbitrary); 0.84 (H & entering the RGS); and 1.88 (H & exiting the RGS). We use as references both

DESI (solid line) and the high-purity sample built using EDF-N SPE PF and PHZ data (dashed line).

the comparison with the EDS spectra suggests that we can effi-
ciently identify high-z candidates in EWS (64 % of correct red-
shifts for an SPE PF probability threshold of 0.99, dashed purple
line). At this redshift, the EDS reference is much more suitable
as a reference sample. These results are thus very encouraging,
but need to be confirmed when the full depth of the EDS will be
reached.

5.4. Validation of the flux measurements in the EWS

We validated the flux measurements of our pipeline with two
independent approaches. Firstly, we used Euclid data from
the EDS as reference values, since in these fields we have
flux measurements performed on the same objects as in the
EWS, but at greater depths. In particular, we used the EDF-
N data described in Sect. 2.5. To remove potentially spuri-
ous results, we selected a high-quality sample, imposing a
cut spe_z_prob > 0.999 for both redshift measurements,

S/N(H @) > 5 (10) in the EWS (EDS), and with a well-measured
flux (spe_line_qual_gf=[212,252], including also 222 to be
conservative, since, despite the lower S/N, the measurement can
be good, see Tables D.1 and D.2). Secondly, we cross-correlated
the Euclid data in the COSMOS field with the public cata-
logue from the FMOS-COSMOS Survey (Silverman et al. 2015;
Kashino et al. 2019). That survey is based on the near-infrared
Fibre Multi-Object Spectrograph mounted on the Subaru Tele-
scope, aiming to measure H @ emission lines at medium resolu-
tion (R =~ 3000) to characterise the population of star-forming
galaxies at z =~ 1.6. The results are shown in Fig. 6. We find
that the H o fluxes measured with the GF method show remark-
able agreement between measurements performed in the EWS
and EDS. Above the nominal flux limit of the EWS, F(Ha) >
2 x 107! ergs™' cm™2, the median difference in flux between
EWS and EDS measurements is —2*2% (16th-84th percentile
of the distribution). The errors on the flux scale perfectly with
the number of observations, the EWS ones being a factor v17/4
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Fig. 6. Validation of the H & flux measurements. The top-left plot shows
the relative difference between the flux measurements performed on
EWS and EDS data, defined as the difference between the EWS and
EDS measurements divided by the EDS one, binned into hexbins; points
are coloured depending on the number of objects inside the pixel. In
the top-right plot, the histogram of the distribution is presented. The
bottom-left plot shows a comparison of H @ +[N n] flux measurements
from EWS and FMOS data, colour-coded by the measured line FWHM;
the white area corresponds to the requirements on the flux and S/N for
the EWS. The bottom-right plot presents the histogram of the relative
difference, defined as the difference between the EWS and FMOS flux
measurements divided by the FMOS one. The blue lines and shaded
area show the median and 16th and 84th percentiles of the distribution.
In all these plots, we considered measurements performed with the GF
method.

larger than the EDS ones (17 and 4 being the number of obser-
vations in the EDS and EWS). The comparison with FMOS is
intrinsically noisier, but shows the same result, with a median
difference of 732%. Figure 7 shows a comparison of the spec-
trum of a galaxy observed by Euclid in the EDS in the RGS
and BGS, compared to the corresponding FMOS spectrum of
the same object.

In addition, we also validated line-flux measurements in the
rest-frame NIR, by comparing the results obtained with the soft-
ware slinefit? (Schreiber et al. 2018; Talia et al. 2023) in a
subsample selected with high S/N at low redshift. We find good
agreement for [S m]19530, Pa vy, and Pa g on spectra like the one
on Fig. E4.

6. Conclusions

We have described the basic functionalities of the SPE PF
pipeline, in charge of the automatic redshift measurements of the
Euclid mission, and presented the properties of the spectroscopic
sample of the Euclid DR1. This includes more than 160 million

* The slinefit code is publicly available at https://github.com/
cschreib/slinefit
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redshifts in the EWS and 7.0 million in the EDFs, among which
are 2.7 million in EDF-N, whose spectroscopic depth is the most
advanced. In both surveys, the accuracy of the redshift measure-
ment for emission line galaxies is excellent, either compared to
the DESI catalogue or by comparing EWS and EDS data, with a
median value of the relative redshift error about 107 and a 1 o
dispersion of 0.4 x 103, We have shown that the results in EDF-
N are very promising, since it is possible, for the galaxy clus-
tering measurement, to extract a sample for which 75% of the
objects have a redshift in agreement with DESI based on spec-
troscopy only, and up to 98% when combining spectroscopic and
photometric redshifts. Even if lower, the agreement reaches 90%
outside the cosmological sample when combining with the pho-
tometric redshifts. Using this high-purity EDS sample as a ref-
erence, we show that, after a tailored selection, the purity in the
EWS reaches the requested 80% value in the cosmological target
redshift interval, based on spectroscopy alone.

Regarding other categories of objects, the use of templates
built from Euclid spectra for quasars and some specific cate-
gories of galaxies allows us to build high-quality samples based
on spectroscopy alone. For stars, including ultra-cool dwarfs,
whose templates are still coming from external sources, results
are not as good; the integration of Euclid-based templates is
planned for the future DR2 release.

The line-flux measurements calculate the emission line prop-
erties with two methods: a direct integration that provides the
flux as directly measured on the spectrum itself; and a Gaussian
fit that provides additional properties like position, full width at
half maximum, and equivalent width. Measurements are in ex-
cellent agreement with external data as well as between EWS
and EDS. The future evolution of the pipeline will include a spe-
cific model for cosmology, based on the current ‘galaxy’ cate-
gory, together with a complete model dedicated to galaxy evolu-
tion studies, to allow the optimal exploitation of the spectroscopy
of Euclid. The components of this model, like continuum tem-
plates and emission line flux distributions, will be built in collab-
oration with the relevant science working groups. We will also
upgrade the stellar templates to improve the classification results
and provide more accurate radial velocity measurements.

The evolution for the future DR2 release will include redshift
calculation for four different models; the dedicated emission line
detection for cosmology, stars, quasar with only specific tem-
plates, and a galaxy model including physical continuum tem-
plates and emission lines, and without the H & prior. The emis-
sion line galaxy will not be considered in the classification, in
order to minimise the bias described in Sect.3
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Fig. A.1. Normalised distribution of (zspg — zpgs1)/(1 + zpgsi) for the
high-quality spectra classified as galaxies in the EWS (blue) and in the
EDS (orange).

Appendix A: Redshift precision and accuracy

Redshift precision was discussed in Euclid Collaboration: Le
Brun et al. (2026). Results have not changed dramatically. How-
ever, we update the results and show the EDS results in this Ap-
pendix. As can be seen in Fig. A.1, the offset values are com-
parable to the Q1 results, and the scatter is improved by more
than a factor of two. Performance is similar in the EWS and
EDS, despite the much larger number of individual exposures
that are stacked to produce the final spectra of the latter. Indeed,
because the high-quality sample in the EDS is fainter than its
counterpart in EWS, the resulting S/N in the two cases are simi-
lar. Both values are well within the requirements needed for the
precision of the cosmological measurements of galaxy cluster-
ing. This demonstrates again the very satisfactory behaviour of
the NISP instrument.

Appendix B: Redshift distributions

In Fig. B.1, we present the redshift distribution of several sam-
ples of galaxies selected from the SPE outputs. We focused on
high-quality spectra with gal.spe_z_prob > 0.99 in the EDS
and EWS as defined in Sect. 4.1 and Sect. 5 and shown in Fig. 3
(left panel) and Fig. 5 (top panels), respectively. These distribu-
tions are mainly illustrative, since any change in the exact se-
lection criteria can significantly impact the results. For instance,
the SPE redshift probability used for the selection is sensitive
to the number of observable spectral lines at a specific redshift,
and the redshift distribution thus reflects detection biases rather
than physical properties. Consequently, it should be viewed as a
demonstration of the typical redshifts recovered by SPE, without
physical interpretation.

The EDS redshift distribution exhibits two peaks at z = 0.8
and z = 1.6. If we also consider objects for which SPE dis-
agrees with PHZ, we observe complex patterns at higher red-
shift. The number of objects decreases with increasing redshift
up to z = 4.1, where [O ] exits the RGS. We can also notice a
steep drop at z =~ 2.8 corresponding to [O m] and H S exiting the
RGS. At higher redshift, we can observe a large plateau between
z=4.1and z = 5 (maximum redshift tested by SPE), where there
is no strong line. This feature is likely artificial. If we consider
only objects with a compatible spectroscopic and photometric
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Fig. B.1. Redshift distribution of various spectroscopic samples of
galaxies in the EDF-N. The blue solid line corresponds to the high-
quality spectra from the EDS described in Sect.4.1, and the orange
dashed line is obtained after discarding objects with an incompatible
PHZ redshift. The red dash-dot line represents the results for the EWS
high-quality galaxy spectra (see Sect. 5).

redshift, this plateau totally disappears. The drop at z = 2.8 is
also much stronger, suggesting that PHZ is necessary to select
reliable [O 1] emitters. The other features at lower redshift are
unchanged, but normalisation decreases.

The distribution in the EWS is more simple with most of
the objects between z = 0.84 and z = 1.87, corresponding to
redshifts where Hea is in the RGS. It is not surprising, since a
H « prior is applied in the EWS, favouring these solutions. The
distribution is mostly flat between z = 0.85 and z = 1.4, and
decreases at higher redshifts.

Appendix C: Examples of ADQL requests

The description of all variables is given in the Data Product
Description Document http://st-dm.pages.euclid-sgs.
uk/data-product-doc/dmdrl/spedpd/dpcards/spe_
spepfoutputcatalog.html. This technical documentation is
much more exhaustive than the content of the Science Archive,
but contains the column description. The following request
allows one to retrieve information from the various tables stored
in the Euclid Science Archive, together with some coordinates
and photometric data from the MER catalogue. The JOIN
command makes the link between data contained in different
tables, and has to use both the object identifier and the rank of
the redshift solution to correctly link values for the candidate
and the model table. This request returns values obtained for the
best redshift solution (spe_rank = 0) for the three categories,
but it could be extended to other solutions with a condition like

WHERE
(gal.spe_rank = ® AND gso.spe_rank=0 and
< star.spe_rank=0) or (gal.spe_rank = 1 AND
< (gso.spe_rank=1 and star.spe_rank=1)

Each object with the required solutions would then appear
twice in the catalogue, one line containing the results for
the first solutions in the three categories and the other the
second solutions. In order to produce a catalogue with a single
line per object and several line property measurements, the

spectro_line_features_spe_line_features_wide_survey

has to be addressed for each desired line. The link is also made


http://st-dm.pages.euclid-sgs.uk/data-product-doc/dmdr1/spedpd/dpcards/spe_spepfoutputcatalog.html
http://st-dm.pages.euclid-sgs.uk/data-product-doc/dmdr1/spedpd/dpcards/spe_spepfoutputcatalog.html
http://st-dm.pages.euclid-sgs.uk/data-product-doc/dmdr1/spedpd/dpcards/spe_spepfoutputcatalog.html
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simultaneously on the object identifier and the rank of the
solution, with the condition to retrieve the correct line properties
using the name of the line.

SELECT classif.object_id as object_id,
mer.right_ascension as RA, mer.declination as dec,
mer. flux_vis_sersic as flux_vis_sersic,

mer. flux_y_sersic as flux_y_sersic,

mer.flux_j_sersic as flux_j_sersic,

mer.flux_h_sersic as flux_h_sersic,
mer.kron_radius as kron_radius,
mer.point_like_prob as point_like_proba,
mer.spurious_prob as spurious_prob, mer.tile_index
as Tile,

classif.spe_class as Classification,

— classif.spe_gal_prob as

— gal_prob,classif.spe_gso_prob as gso_prob,

— classif.spe_star_prob as star_prob,

qual.spe_npix as N_pix, qual.spe_lsf_red as LSF,

— qual.spe_n_dith_max as N_dith_max,

— qual.spe_n_dith_med as N_dith_med,

gal.spe_z as galaxy_redshift, gal.spe_z_err as

— galaxy_z_err, gal.spe_z_prob as galaxy_z_proba,

— gal.spe_z_rel as galaxy_reliability,

— gal.spe_z_reduced_chi2 as galaxy_reduced_chi2,

— gal.spe_z_p_value as gal_p_value,

— gal.spe_z_residual_normality as gal_residual_norm,

gal_mod.spe_vel_disp_e as galaxy_vel_disp,

gso.spe_z as gso_redshift, gso.spe_z_err as qso_z_err,

< (so.spe_z_prob as gso_z_proba,

— gso.spe_z_reduced_chi2 as gso_Reduced_chi2,

< (gso.spe_z_p_value as gso_p_value,

— gso.spe_z_residual_normality as gso_residual_norm,

— gso_mod.spe_cnt_tpl_id as gso_template,

star.spe_rvel/299792.458 as star_z,

star.spe_rvel_err/299792.458 as star_z_err,
star.spe_model_prob as star_z_proba,
star.spe_rvel_reduced_chi2 as star_Reduced_chi2,
star.spe_rvel_p_value as star_p_value,
star.spe_rvel_residual_normality as
star_residual_norm, star_mod.spe_cnt_tpl_id as
star_template,

Halpha.spe_line_flux_gf as Halpha_gf_ flux,

— Halpha.spe_line_flux_err_gf as Halpha_gf_ flux_err,

— Halpha.spe_line_snr_gf as Halpha_gf_snr,

— Halpha.spe_line_n_dith as Halpha_n_dith,

< Halpha.spe_line_qual_gf as Halpha_gf_qual,

Hbeta.spe_line_flux_gf as Hbeta_gf_ flux,
Hbeta.spe_line_flux_err_gf as Hbeta_gf_flux_err,
Hbeta.spe_line_snr_gf as Hbeta_gf_snr,
Hbeta.spe_line_n_dith as
Hbeta_n_dith,Hbeta.spe_line_qual_gf as
Hbeta_gf_qual,

II.spe_line_flux_gf as OIII_gf flux,
OIII.spe_line_flux_err_gf as OIII_gf_flux_err,
OIII.spe_line_snr_gf as OIII_gf snr,
OIII.spe_line_n_dith as
OIII_n_dith,O0III.spe_line_qual_gf as OIII_gf_qual,

I.spe_line_flux_gf as OII_gf_flux,
OII.spe_line_flux_err_gf as OII_gf flux_err,
OII.spe_line_snr_gf as OII_gf_snr,
OII.spe_line_n_dith as 0II_n_dith,
OII.spe_line_qual_gf as 0II_gf qual,

SIII.spe_line_flux_gf as SIII_gf_ flux,

— SIII.spe_line_flux_err_gf as SIII_gf_flux_err,

< SIII.spe_line_snr_gf as SIII_gf snr,

< SIII.spe_line_n_dith as

< SIII_n_dith,SIII.spe_line_qual_gf as SIII_gf_qual

FROM

— catalogue.spectro_z_spe_classification_wide_survey

— as classif

L A

A

rrererrrrerrres

JOIN
< catalogue.spectro_z_spe_galaxy_candidates_wide_survey
— AS gal
ON classif.object_id=gal.object_id
JOIN

< catalogue.spectro_model_spe_galaxy_models_wide_survey
— AS gal_mod

ON classif.object_id=gal_mod.object_id and

< gal_mod.spe_rank=gal.spe_rank
JOIN
< catalogue.spectro_z_spe_qso_candidates_wide_survey
— AS gso

ON classif.object_id=gso.object_id
JOIN
< catalogue.spectro_model_spe_gso_models_wide_survey
— AS gso_mod

ON classif.object_id=gso_mod.object_id and

< @gso_mod.spe_rank=qso.spe_rank
JOIN
< catalogue.spectro_z_spe_star_candidates_wide_survey
— AS star

ON classif.object_id=star.object_id
JOIN
— catalogue.spectro_model_spe_star_models_wide_survey
— AS star_mod

ON classif.object_id=star_mod.object_id and

< star_mod.spe_rank=star.spe_rank
JOIN

< catalogue.spectro_line_features_spe_line_features_wide_sur

— AS Halpha
ON Halpha.object_id = gal.object_id and
< Halpha.spe_rank=gal.spe_rank

JOIN

— catalogue.spectro_line_features_spe_line_features_wide_sur

— AS Hbeta
ON Hbeta.object_id = gal.object_id and
< Hbeta.spe_rank=gal.spe_rank

JOIN

— catalogue.spectro_line_features_spe_line_features_wide_sur

— AS OIII
ON OIII.object_id = gal.object_id and
< OIII.spe_rank=gal.spe_rank

JOIN

< catalogue.spectro_line_features_spe_line_features_wide_sur

— AS 0II
ON OII.object_id = gal.object_id and
< OII.spe_rank=gal.spe_rank

JOIN

< catalogue.spectro_line_features_spe_line_features_wide_sur

— AS SIII
ON SIII.object_id = gal.object_id and
< SIII.spe_rank=gal.spe_rank
JOIN catalogue.spectro_z_spe_quality_wide_survey as
— qual
ON gal.object_id = qual.object_id
JOIN catalogue.mer_catalogue_wide_survey AS mer
ON mer.object_id = gal.object_id
WHERE
(gal.spe_rank = 0
AND gso.spe_rank=0
and star.spe_rank=0)
AND (Halpha.spe_line_name = 'Halpha'
and OIII.spe_line_name = 'OIII5008'
and OII.spe_line_name = '0OII3727'
and Hbeta.spe_line_name='Hbeta'
and SIII.spe_line_name = 'SIII9530')
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Appendix D: Line flux measurements quality flags

As discussed in Sect. 2.3, each flux measurement is provided
with an associated quality flag that helps the user to assess the
robustness of the measurement. This flag is composed of a 3-
digit number that allows tracing the method with which a mea-
surement has been performed, the goodness of the measurement
(or the reason for failure), and the grism from which the line has
been measured. Tables D.1 and D.2 provide the detailed infor-
mation explaining the quality flag, with examples for possible
values.
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Appendix E: Example spectra

We show here some examples of spectra randomly selected from
the EWS, for different categories of objects. In order to display
the highest quality results, selection criteria on number of pixels,
probabilities or S/N were quite conservative.
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Table D.1. Definition of the SPE_LINE_QUAL three-digit quality flag.

Ist digit

1 (Direct Integration)

2 (Gaussian Fit)

3 (H a_GF for QSOs)

“=” (minus sign, the line
is outside the observable
wavelength range given the
object’s redshift)

2nd digit

can assume one of the
following values: [0, 1, 2, 3,
4,5,7,8,9]

(see table below)

3rd digit

1 (BGS)
2 (RGS)
3 (BGS+RGS)

Table D.2. Definition of the second digit of the SPE_LINE_QUAL quality flag.

2nd
digit

Definition

Description

Applicable to

0

Not measured

The standard pipeline does not provide a measurement (for
DI) or a fit (for GF or Ha_QSO). Possible values for the
SPE_LINE_QUAL: 101, 102, 103, 201, 202, 203, 301, 302, 303

all

Good measure

The measure is considered reliable. Possible values for the
SPE_LINE_QUAL: 111, 112, 113, 211, 212, 213, 311, 312, 313

all

Low S/N

The measure might be good but the line has a low S/N (< 2.0).
Possible values for the SPE_LINE_QUAL: 121, 122, 123, 221,
222,223, 321, 322, 323

all

EW >0

The EW has a positive value (probably due to a negative contin-
uum), while by convention EW should be negative for emission
lines. The value is set to zero but the other measures (e.g. fluxes)
are however reported. Possible values for the SPE_LINE_QUAL:
231, 232, 233, 331, 332, 333

GF or Ha_QSO

Issue for combi-
nation

The 2 measures are not both good (e.g. one might be “good” and
the other might have a low S/N). When possible, the weighted
average is provided. Possible values for the SPE_LINE_QUAL:
143, 243, 343

all  (only for
BGS+RGS)

Acceptable

The measure is acceptable but up to 15% of the pixels within the
line are missing. Possible values for the SPE_LINE_QUAL: 251,
252,351,352

GF or Ha_QSO

Merging error

Error in combination (i.e. blue+red output merging). Possible
values for the SPE_LINE_QUAL: 173, 273

only for
BGS+RGS

Unreliable or
wrong fluxes

The measure is unreliable because more than 15% of the pixels
are missing (GF or QSO) or it’s wrong because more than 1 pixel
is missing (DI). Possible values for the SPE_LINE_QUAL: 181,
182, 281, 282, 381, 382

all

Outside range

The line is not measurable in the wavelength range given the
redshift of the source. Possible values for the SPE_LINE_QUAL:
-91,-92,-93

all
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Fig. E.1. Examples of stellar spectra from the EWS. From top to bottom : Hot (Hg = 18.2), M-type (Hg = 18.0) and ultracool T type (Hg = 19.1).
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Fig. E.2. Examples of spectra classified as galaxies at various redshifts, selected with the displayed emission lines having S/N greater than 10
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Fig. E.3. Example spectra classified as quasars from the EWS : a z = 3 quasar on top and a star forming galaxy on the bottom
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Fig. E.4. Example of an AGN?2 spectrum used to qualify the line flux measurement
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