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ABSTRACT

The ESA satellite mission Euclid was launched in July 2023 and started its regular observing mode in February 2024. The data from the Euclid
instruments Visible Camera (VIS) and the Near IR Spectrometer and Photometer (NISP) are complemented by ground-based imaging data in the
u, g r, i, and z bands to enable the determination of photometric redshifts and other galaxy properties. This paper describes the MERge processing
function (MER PF) that has been developed and run for the Euclid Data Release 1 (DR1). The aim of the MER PF is to detect objects in the
Euclid imaging data, measure their properties, and combine them into a single multi-wavelength catalogue. In this paper we illustrate the design
of the MER PF and introduce the different photometric methods applied to the data, which are Kron total flux, aperture photometry on Point
Spread Functions (PSF) -matched images, template fitting photometry, and Sérsic fitting photometry. We also present the various morphological
measurements and quality flags that improve the scientific content of the output catalogues and better characterize the detected sources. We
illustrate the processing and measurements that help to validate the MER PF results, which is an essential step to qualify the output for the public
DRI release. We discuss the global assessment of the photometric homogeneity and provide an internal comparison of our processing results. In

addition, we give an extensive overview of the DR1 output data and the various processing scenarios.
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1. Introduction

The cosmology and fundamental physics mission Euclid (Euclid
Collaboration: Mellier et al. 2025) was successfully launched in
July 2023. Euclid aims at collecting data in the 14 000 deg?® large
Euclid Wide Survey (EWS) and the approximately 63 deg® large
Euclid Deep Survey (EDS; Euclid Collaboration: Scaramella
et al. 2022). In additon to the VIS and NIR data directly from
Euclid, the project also includes data from ground-based pho-
tometric surveys such as DES (Abbott et al. 2021), CFIS (Ibata
et al. 2017), Pan-STARRS (Magnier et al. 2020), WHIGS and
WHISHES (see Aihara et al. 2018) to enable photometric red-
shift determination and determine the SED of the PSF to be used
for the shape measurements (Eriksen & Hoekstra 2018).

The processing of the very large volume of Euclid data is,
in the context of the Euclid Science Ground Segment (SGS), or-
ganized into a set of processing functions (PFs), with each PF
developed and maintained by a corresponding Organisation Unit
(OU). The Euclid Consortium (EC) is committed to release fully
processed data at pre-defined dates, and this paper describes the
MERge PF that contributed to the core products of Euclid Data
Release 1 (DR1). A full description of the area selection, pro-
cessing organization, and processing details of Euclid DR1 are
provided in Euclid Collaboration: Aussel et al. (2026b). After
Euclid Quick Release Q1 (Euclid Collaboration: Aussel et al.
2026a) DR1 now comprises ~ 1900 deg® of EWS and EDS in all
three sub-fields down to different depth.

The main output products of the MER PF are coadded im-
ages and a final catalogue with the photometric and morpho-
logical properties of all detected sources. As input, the MER
PF needs VIS and NISP calibrated frames, processed by OU-

VIS (Euclid Collaboration: McCracken et al. 2026) and OU-NIR
(Euclid Collaboration: Polenta et al. 2026), respectively, and
stacked frames from selected external surveys as processed by
OU-EXT (Euclid Collaboration: Corcho-Caballero et al. 2026),
together with related ancillary data and PSF models. Object de-
tection is done on both the VIS and NIR (stacking the three
NISP bands J;, H;, and Y;) imaging data. A multi-wavelength
flux determination is performed on detected objects with differ-
ent photometric techniques. The final product of the MER PF is a
catalogue of sources with unique identification numbers, multi-
wavelength photometric measurements, and ancillary informa-
tion (morphological estimates, quality flags, etc.).

Within the Euclid SGS the output of the MER PF is fed to
the pipelines for photometric redshift computation (Euclid Col-
laboration: Hartley et al. 2026) and spectra extraction (Euclid
Collaboration: Scodeggio et al. 2026). The object catalogues are
used as an input for the shear estimation which is performed
by OU-SHE and the subsequent OU-LE3 work on cosmology,
which constitutes the core science of Euclid.

This paper is organized as follows. Section 2 describes the
MER pipeline and the processing elements (PEs) that were im-
plemented and utilized for the Euclid DR1 processing. In Sect. 3
we discuss the data validation, Sect. 3.7.2 shows a method to as-
sess the homogeneity of the MER photometry, Sect. 4 discusses
the treatment of the PSF models, and Sect. 5 shows a compari-
son of the properties of the objects measured on EWS and EDS.
Section 6 contains an overview of the MER EWS and EDS data
released in DR1. We close the paper with an outlook in Sect. 7.
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stream OUs (VIS, NIR, and EXT) with updated pipelines
and calibrations, which results in different outputs from the
MER PF, even if run again on the now outdated Q1 version.

Before the final DR1 processing, we assured ourselves in
many tests that our MER PF is generic enough to provide sat-
isfactory results also for the non-EWS parts of DR1, and conse-
quently the same PF was run on all data. The following sections
discuss elements of the MER pipeline with an emphasis on new
products, modifications, and bug-fixes implemented for DR1.

2.1. Tiling for DR1
2.1.1. Wide and Deep tiling

As in Q1, the DRI pipeline runs in subsets of data that produce
the output products for a predefined area on the sky called a ‘tile’
(see Kiimmel et al. 2022b), which is independent of both the Eu-
clid survey plan (Euclid Collaboration: Scaramella et al. 2022)
and the observing sequence. For most of the MER DR1, the same
tiling solution as in Q1 was used, which means that a tile ID in
DRI1 covers the identical sky area as in Q1.

During the preparations for the Euclid mission, it turned out
that it would be very difficult to accomplish the MER processing
for regions with a very large exposure time, such as Euclid Deep
Fields (EDFs) that constitute the EDS or the photometric red-
shift calibration fields (see Table 5). The efficient processing of
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Fig. 2. The pattern of the Wide (green) and Deep (blue) tiling at the
EDF-F. Euclid DR1 contains both Deep and Wide tiling data of this
area.

the image co-addition and the PSF processing (see Euclid Col-
laboration: Ruffenach et al. 2026) requires the usage of local disk
space (~ 50 GB for every Euclid band I, Yy, Ji, and H;; for nor-
mal wide tile) at the computing node for a fast data transfer, and
the enormous incoming data for those fields are too large for the
available computing nodes. As a consequence, we have created,
in addition to the normal ‘Wide’ tiling solution with an extended
tile area of 32" x 32’, a new, ‘Deep’ tiling solution with

— an extended tile area of 17’ X 17’ in tangential projection;

— increments of the tile centres by 15’, providing an overlap of
2’ between adjacent tiles;

— a core area definition at a HEALPix (Gorski et al. 2005) res-
olution of Ngg. = 8192.

The Deep tiling solution is independent of the Wide tiling, and
has been defined for all sky regions with deep observations such
at the EDFs. Figure 2 displays the Deep and Wide tiling for EDF-
Fornax (EDF-F). For the EDFs the Euclid DR1 contains MER
data for both Deep and Wide tile (single reference observing se-
quence) processing. Tile indices for Wide start with the numbers
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‘102’ and indices for Deep with ‘101°, which gives a convenient
method to discriminate the corresponding output data.

2.1.2. Special objects

Given the large coverage of the Euclid DR1 and fixed tile sizes, it
is inevitable that some galaxies with sizes larger than the overlap
size extend beyond one tile. As indicated in Euclid Collabora-
tion: Romelli et al. (2026) we have made adjustments to the Wide
tiling solution to produce undisturbed imaging data for both the
further processing (photometry, morphology) within the MER
pipeline as well as for further scientific investigations of those
objects.

To identify affected tiles, we collected, from publicly avail-
able catalogues, all large objects (size > 2’) located in the Euclid
region of interest (ROI, see Euclid Collaboration: Scaramella
et al. 2022) area as ‘special’ objects. This catalogue for the
special tiling, consisting of 164526 objects, was constructed
by aggregating several sources to maximize the inclusion of
large objects. The primary foundation is HyperLEDA' (Makarov
et al. 2014), which serves as the starting point. This is supple-
mented by the Heraklion Extragalactic CATaloguE? (HECATE;
Kovlakas et al. 2021), a value-added catalogue of nearby galax-
ies with robust distance measurements out to nearly 200 Mpc,
the Extragalactic Distance Database (EDD?; Tully et al. 2009),
SIMBAD* (Wenger et al. 2000), the Third Reference Catalogue
of Bright Galaxies® (RC3; de Vaucouleurs et al. 1991), and the
Updated Nearby Galaxy Catalog® (Karachentsev et al. 2013).
Finally, Milky Way globular clusters were added to the sam-
ple (Harris 1996). Beyond these, while the aggregated catalogue
primarily targets galaxies, it also retains other potentially inter-
esting objects originating from HyperLEDA (e.g., star clusters,
nebulae, and objects of uncertain nature). We explicitly removed
entries from our initial HyperLEDA query classified as fake, ab-
sent, or identified as single, double, or triple stars.

For each selected source, we defined a square bounding box
with a side length equal to four times its isophotal diameter (de-
pending on the source catalogue either Holmberg a,¢ or de Vau-
couleurs D,s). To ensure proper tiling, we constrained the box
sizes to a range between 2’ and 120’. For Milky Way globular
clusters, the side of the square box is determined by the tidal
radius r, from Harris (1996): it is fixed at 30’ if 3r; < 30" and
capped at 120’ if 3r, > 120’; otherwise, it is set to 3r,. These con-
servative dimensions ensure that each tile includes the primary
object and its surrounding sky, potentially capturing extended
tidal features. No initial (RA, Dec) selection was applied, mean-
ing the catalogue currently includes objects outside the Euclid
ROI and also some potential overlapping boxes. This approach
allows for future modifications to the footprint; naturally, only
sources falling within the final Euclid survey area are included
in the final tiling.

Enlarging the ‘normal’ Wide tiles to also extend over the
special objects (see Euclid Collaboration: Romelli et al. 2026)
cannot provide solutions for every special object, especially in
areas with a high density of special objects or for special objects
that require a large bounding box. To define a processing solu-

! https://leda.univ-1lyonl. fr/

2 https://hecate.ia. forth.gr/index.php

3 https://edd.ifa.hawaii.edu/dfirst.php

4 https://simbad.cds.unistra.fr/simbad/

> http://cdsarc.u-strasbg. fr/viz-bin/Cat?VII/155
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Fig. 3. The VIS exposure time map for the EDF-N tile 101837492 com-
puted from the layer file.

tion also for these special objects that neither fit into the normal-
sized wide tiles nor the extended wide tiles, we created a third
flavour of ‘special’ tiles. Every special tile is created for one spe-
cific special object that can not be covered otherwise. The special
tiles have a tile index starting with ‘1025’ (no interference with
the indices of normal Wide tiles), are fully integrated in the Eu-
clid processing system and are typically larger than a wide tile.
Processing such large amounts of data needs dedicated process-
ing campaigns, and no special tile was processed in DR1.

2.2. Mosaic creation

For the later steps, in order to measure the photometric and mor-
phological object properties, we create a multi-band set of co-
aligned images where each pixel represents the same position
on the sky with the common pixel scale of 0”1 pixel™' and the
dimensions of the Wide and Deep Euclid tiles (see Sect. 2.1).
Using the methods outlined in Euclid Collaboration: Romelli
et al. (2026) we coadd the fully calibrated VIS and NIR images
and rebin the incoming EXT imaging data to that common pixel
scale which is close to the VIS pixel scale (Euclid Collaboration:
Cropper et al. 2025).

As a new data product for DR1, which is created during the
mosaicing stage, we release for all co-added images in the Eu-
clid bands I, Yz, Js, and H;; the so called ‘layer files’. For every
VIS or NIR calibrated image contributing to the co-added im-
age, the layer file contains: (i) the exposure time; (ii) the three
angles (solar aspect angle, alpha and beta) describing the orien-
tation of Euclid with respect to the Sun (Euclid Collaboration:
Mellier et al. 2025); (iii) the observing date; (iv) the coordinates
of the image corners. The primary purpose to directly collect and
associate this metadata with the co-added image is to facilitate
the search for systematic effects in the cosmology analysis in
OU-LE3.
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Table 1. SE++ parameters used for the VIS and NIR detections in all
DRI data.

Parameter VIS NIR
segmentation-filter (Gaussian FWHM [pix]) 2.4 5.0
detection-threshold (S/N in a pixel) 0.9 04
detection-minimum-area [pix] 10 10
core-threshold-value (S/N in a pixels) 1.3  0.55
core-minimum-area [pix] 10 10

The layer files also allow reconstructing the exposure time
map or the number of image layers for a tile, which can then
be transferred to the objects in the final MER catalogue. As an
example, Fig. 3 shows the exposure time map of the deep EDF-
North (EDF-N) tile 101837492 for the co-added I; image as de-
rived from the corresponding layer file. The exposure time is
much larger than the typical 2.3 ks for the EWS. The tile is po-
sitioned in an area with a strong gradient in the exposure time,
and the line-like features are created by the various orientation
angles of the Euclid observations covering this tile.

Note that all images are created for a specific tile. Since the
tiles are defined independent from the Euclid observations, there
are images that are not completely filled with pixel data, es-
pecially at the border of an observed area (see Sect. 6.1.1 and
Fig. 17). In the Euclid survey design, a reference observing se-
quence (ROS) has six and four exposures in I; and the NIR
bands, respectively (Euclid Collaboration: Mellier et al. 2025).
The dithers within a ROS create areas with less exposures, and
at the overlap with adjacent ROS there are areas with more expo-
sures. As a consequence, in the Euclid bands the exposure time
and the S/N (and number of layers) has an individual pattern for
each image.

2.3. Assembly of the source list

The source detection in DR1 follows the procedures outlined in
Euclid Collaboration: Romelli et al. (2026). This means we do
an independent source detection on VIS and NIR co-added im-
ages. The deblending is done independently in VIS and NIR us-
ing a dedicated software component based on ASTErIsM (Tra-
macere et al. 2016) which uses two topometric clustering algo-
rithms. The VIS and NIR deblended sources are combined into
a single list of objects and a segmentation map, which are the
basis for the later measurement steps for photometry and mor-
phology. The source detection in VIS and NIR is done with
SourceExtractor++ (SE++, Bertin et al. 2020; Kiimmel et al.
2022a) and for convenience we list the most important detection
parameters in Table 1. Note that we use the same detection pa-
rameters for the EWS and the EDS data. The merging of VIS
and NIR deblended sources is done as described in Euclid Col-
laboration: Romelli et al. (2026).

2.4. Mapping of the point-spread functions

As in Ql, the DR1 pipeline propagates the input PSFs calcu-
lated by the VIS, NISP, and EXT PFs to the mosaic grid, taking
into account the effects of the image stacking process (see Euclid
Collaboration: Romelli et al. 2026). In Q1 we found some dis-
crepancies between the propagated NIR PSFs and the profiles of
Gaia stars on the MER mosaics. The propagated NIR PSFs had
1.75% to 3.5% larger full width half maximum (FWHM) values
than Gaia stars, which indicated some issues with the input NIR
PSFs. These differences are now much smaller in DR1, thanks
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to the introduction of a new method for calculating the PSFs
in the NIR PF (Euclid Collaboration: da Silva et al. 2026). The
normalization of the PSF through the processing is also handled
differently in DR1, which has consequences for essentially all
photometry measurements and is extensively discussed in Sect.
4.

2.5. Photometry

The photometric techniques adopted for the DR1 catalogues are
the same as those described in Euclid Collaboration: Romelli
et al. (2026) and in the photometry cookbook (see link in Sect.
7). Briefly, for all the objects in the source list, three types of
measurements are performed:

(i) Aperture photometry is obtained using a custom version of
the code A-PHOT (Merlin et al. 2019) on source cutouts that are
PSF-matched on-the-fly to the worst resolution on an object-by-
object basis, using the convolution kernels described in section 6
of Euclid Collaboration: Romelli et al. (2026). Fluxes are mea-
sured for a set of four apertures with diameters equal to 1, 2,
3, and 4 times the FWHM of the worst PSF (typically an EXT
band; the objects specific values are stored in the column FWHM
of the final catalog. Pixels assigned to different sources in the
segmentation map are excluded in the aperture fluxes of a given
object; however, contamination from faint extended wings re-
mains present. Additionally, a total flux in the detection band (I
or the NIR stack as described in Sect. 2.3) is estimated by means
of a Kron (1980) elliptical aperture, so that the total flux in each
band can be obtained by scaling it by the colours computed with
the circular apertures (see the Photometry Cookbook for the de-
tails of the procedure).

(i1) Template-fitting photometry is performed using a custom
version of the code T-PHOT (Merlin et al. 2015, 2016), which
uses the morphological information of the detection band (2-
dimensional stamps cut from the detection images) as priors
which are then degraded to the resolution of the measurement
bands, again using the convolution kernels, and used to fit indi-
vidual regions around each source. T-PHOT is designed to re-
duce the impact of blending in low-resolution data, and in prin-
ciple can directly provide total fluxes; however this direct ap-
proach is limited by the area assigned to the measured source
in the segmentation map and by the extension of the PSF mod-
els, so another possibility is to compute colours as in the aper-
ture case (the fluxes from both the measurement image and the
corresponding PSF-matched detection image are provided in the
catalogue to this aim, again see the Photometry Cookbook).

(iii) For model-fitting photometry we use Sérsic models that pro-
vide the integrated objects flux as a parameter. Further details are
provided in Sect. 2.6.2.

We refer the reader to the QI paper for more details. The
most important difference with respect to Q1 in the photomet-
ric algorithms is that now the PSFs are not normalised to unit
flux before constructing the convolution kernels, thus taking into
account the flux missed by cutting their extended wings. As dis-
cussed in Sect. 4, this impacts almost all the photometric meth-
ods, because PSF-matched images are always involved in some
way. Our data validation shows (see Sect. 3) that this change
improved the measurements, especially in the case of the Pan-
STARRS i band, which has a very extended PSF larger than 5”.

The photometry calibration is validated against Gaia DR3
(Gaia Collaboration: Vallenari et al. 2023), see Sect. 3. It must
be stressed that the photometric methods are built and optimized
to perform measurements of faint and extended sources, rather
than on bright point-like objects that dominate the Gaia catalog.
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Fig. 4. Distribution of the tile median asymmetry A as a function of
the tile filling factor in data covering EDF-S. Blue crosses represent the
distribution in the Q1 release, while the red crosses show the distribution
of the same data as processed for DR1, after the switch from global to
local noise evaluation.

For this reason, the performance on stars is sub-optimal. A direct
comparison of the MER measured fluxes against external cata-
logues of extended objects is provided in Euclid Collaboration:
Gasparetto et al. (2026).

2.6. Morphological characterization
2.6.1. Non-parametric morphology

During the further analysis of the non-parametric parameters
concentration (C), asymmetry (A), and smoothness (S) (CAS,
Conselice 2014; Tohill et al. 2021) published in Q1, we discov-
ered a peculiar correlation between the median value of A within
the tile and the tile FILLING_FACTOR, which is the fraction of
HealPix pixels containing at least one detected object. This was
caused by a wrong computation of the noise level in the source
cutouts: the median and normalized median absolute deviation
(NMAD) of the background noise were computed globally, us-
ing all the mosaic pixels not covered by sources by taking all
the pixels where the segmentation map equals zero. For partially
covered tiles (see Sect. 6.1.1) this noise computation included
also the empty image areas that are filled with values 0.0. In
those tiles, that are marked by their low FILLING_FACTOR, the
filled in zeros underestimated the global background noise, and
thus led to skewed measurements of A. The pipeline has been up-
dated for DR1, and now we compute, for each source, the local
noise level within the source cutout, thus mitigating the depen-
dency of the A measurements on the FILLING_FACTOR. Figure
4 shows a comparison of the Q1 and DR1 asymmetry values for
the same dataset taken on EDF-South (EDF-S).

At the request of several Euclid Science Working Groups
(SWGs) and also some downstream OUs (SIR, responsible for
slitless spectroscopy and SHE, responsible for shear measure-
ments), we added the computation of the FLUX_RADIUS as an
additional quantity for object morphology in DR1. This quantity
is familiar from the SExtractor2 (Bertin & Arnouts 1996) ob-
ject detection software and measures the radial distance from the
object centre containing 50% of the isophotal object flux. The
implementation of FLUX_RADIUS within the MER pipeline is in-
herited from SExtractor2. We define a circular disk of radius
r = 6.ay around the source’s centroid, where a,, is the source’s

Table 2. SourceExtractor++ model fitting flags.

Flag bit  Explanation

0 Error flag (from levmar)

1 Size correction (manual resizing of fitting box)

2 Outside of the measurement frame (no model fitting run)
3 Insufficient data (no model fitting run)

4 Someyall of the model parameters could not be fitted

5 The fit was done on a downsampled image

due to exceeding the maximum size
6 Small gradient, J7e
7 Small step, Ap
8 Maximum iterations, it.x, reached
9 Singular matrix J7J + ul (raises error flag)

10 No further error reduction possible
11 Small residual, ||e||,
12 Invalid (NaN/Inf) model values (raises error flag)

semi-major axis reported in the MER final catalogue (column
SEMIMAJOR_AXIS). To be compliant with the SExtractor2 im-
plementation, we split the disk in 64 annuli of equal thickness in
order to compute a brightness profile of the source. We then in-
terpolate the value of the radius where the flux is 50% of the total
flux within the disk.

2.6.2. Parametric morphology

Similarly as in Q1, for all sources within a Euclid tile, we fit
a two-dimensional Sérsic profile (Sérsic 1963) in all bands. We
refer the reader to Euclid Collaboration: Romelli et al. (2026)
for details on the fitting procedure; here, we provide a general
description of the fitting code and the changes with respect to
Q1. We use the SE++ (Kiimmel et al. 2022a) version 1.0.2 for
modeling the Sérsic parameters. Specifically, we work in no-
detection mode, which means we feed SE++ the objects’ centres
and fitting areas along with initial guesses for the Sérsic param-
eters.

After a careful analysis of the Q1 data we extended the maxi-
mum Sérsic index from 5.5 to 8.0 to avoid an artificial parameter
cut for red galaxies. To reduce the runtime of SE++, we had
introduced an upper limit for the size of the fitting area, which
is derived from the segmentation area. Using the Q1 data as a
guide, in DR1 we have improved this selection (using the detec-
tion flag in DET_QUALITY_FLAG) such that bright, saturated stars
get a limited fitting area, but bright galaxies are still fitted with
the full area.

For DRI, we combine the information of the flags from
SourceExtractor++ (i.e., from the model fitting) and from the
fitting engine (i.e., the stopping criterion for the fit) into one
flag for VIS+NIR, SERSIC_VISNIR_FLAGS, and for EXT data,
SERSIC_EXT_FLAGS. These flags are in binary format and are
explained in Table 2. Flag values from bits 6—12 represent the
stopping criterion for the model fitting and are taken from the
fitting engine 1evmar’. We also set a flag in case the size of big
objects was manually corrected (bit 1). As in all DR1 photome-
try, we use non-normalized PSFs in the Sérsic fits.

2.6.3. Star-galaxy separation

As in QI the rather simple star-galaxy (S/G) classifier uses the
quantity MU_MAX — MAG_AUTO plus a calibration derived from
pre-flight Euclid Scientific Challenge (SCS8) to define a point-
like probability POINT_LIKE_PROB for VIS-detected objects.

7 https://users.ics.forth.gr/~lourakis/levmar/
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Fig. 5. The astrometric offsets for all tiles in the EDF-N wide-like pro-
cessing of patch 64

We also define a flag POINT_LIKE_FLAG that selects the VIS
detected objects with POINT_LIKE_PROB greater than 0.96 for
which the requested 99% star purity was reached in SC8. Other
use cases with a lower probability threshold value can be useful
to have a better completeness of the star sample.

2.6.4. Zoobot morphology

Similar to Q1, the MER final catalogue includes visual-like mor-
phologies for a subsample of galaxies, which is now applied
to both the wide and deep data of DR1. This visual classifica-
tion uses the deep foundation model which was created by fine-
tuning the Zoobot galaxy foundation models as described in Eu-
clid Collaboration: Walmsley et al. (2026). In DR1 we extend
the subsample by selecting all galaxies brighter than I; = 21.0
or with a segmentation area larger than 700 pixels. This enlarges
the subsample by a factor of 4 w.r.t. Q1.

2.7. ldentification of spurious sources

In DR1 we used the same tool to identify spurious sources as
in Q1. The model used to compute the spurious probability is
trained on pre-launch simulations, with no DEEP-like training
set available. For that reason, this measurement is currently op-
timised for WIDE processing. Feedback from Euclid SWGs has
shown that a lower limit of 0.5 in SPURIOUS_PROB to set the
SPURIOUS_FLAG seems too aggressive. Use cases from those
groups suggest using 0.7 instead. A detailed analysis is currently
ongoing in order to improve these measurements in the next re-
leases.

2.8. Bright star masking

As in Q1 we have mapped the imprint of bright Gaia stars onto
the coadded I, Y3, Ji, and H; images and marked the objects in
the saturated centers and along the diffraction spikes in the col-
umn DET_QUALITY_FLAG. Depending on the Galactic latitude,
the masked area is in the range of about 1 — 5% for EWS tiles.
For deeper data that was observed at several roll angles of Eu-
clid, specifically EDF-S and EDF-N, the diffraction spikes of
each roll angle make an imprint on the stellar mask. This in-
creases the masked area to ranges of 2 — —10% and 3 — —15%
for EDF-S and EDF-N, respectively. However, a close inspec-
tion of this data shows that the diffraction spike signatures have
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Fig. 6. The number of VIS and NIR detected objects for all tiles in the
wide-like processing of the EDF-N patch 44.

frequently cancelled out, and these numbers rather represent an
upper limit.

2.9. The MER catalogues

As in Q1, the MER output lists are distributed over several files
with the main photometry catalogue (EUC_MER_FINAL-CAT),
the catalogue with the morphology measurements
(EUC_MER_FINAL-MORPH-CAT), the cutout catalogue
(EUC_MER_FINAL-CUTOUTS-CAT), and the deep catalogue
(EUC_MER_FINAL-DEEP-CAT) with the photometry of the bands
used in EDFs, calibration and extra fields (see Tab. 5).

3. Data validation

After finishing the processing in the MER PF, the resulting out-
put data is pushed through the validation process. Data validation
checks whether the pipeline output is within the specification and
requirements and also aims to identify processing issues and data
quality problems. After running a dedicated validation pipeline,
we collect and visualize its output, characteristic quantities such
as image depths, photometric offsets, or the PSF sizes. The large
amount of diverse properties makes an automatic validation with
formulas and strict limits not feasible, and we examine the ag-
gregated validation numbers for any inconsistencies and possible
problems in the pipeline processing; if necessary there are fur-
ther investigations in the validation results or even output data
for specific tiles. While the actual number of invalidated tiles
was small and mostly due to severe processing errors, we were
able to identify areas with problematic photometry that could
either be reprocessed or taken into account in the further SGS
processing.

In the following sections, we present and discuss the aggre-
gated validation results for selected areas on the sky, which are
usually single patch® one EDF. While the deep results go through
the same validation process, we are using wide survey data as ex-
amples since this comprises the majority of the data and show a
larger range of observing conditions (see Sect. 6).

8 The Euclid survey is organized in consecutively, spatially close ob-
servations that require only small slew movements and are called patch
(see Euclid Collaboration: Mellier et al. 2025) observations of
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Fig. 7. The number of objects with a high point-like probability com-
pared to the number of detections with a good match in the Gaia DR3
catalogue for each tile of EDF-N patch 64.

3.1. Astrometry

We check the astrometry of our objects by computing the offsets
between the catalogue positions and the proper motion-corrected
positions of all Gaia stars in a tile. Figure 5 shows the me-
dian offset and NMAD for all tiles of patch 64. Tiles with a
low FILLING_FACTOR show relatively large offsets due to the
smaller numbers of Gaia stars and the uneven sampling of resid-

MEDIAN PSF FWHM

Fig. 8. Median FWHM of the VIS propagated PSF compared to the
median PSF of Gaia stars measured on the VIS MER mosaics for each
tile of EDF-N patch 64. Dashed line represents the one-to-one relation
and dotted lines +5% difference.

ual systematic astrometric errors from the OU-VIS input images.
Tiles with a FILLING_FACTOR larger than 0.5 are within an off-
set < 10 mas in both right ascension and declination and well
within the requirement for the absolute accuracy.

3.2. Detections

In the detection validation, we collect all characteristic num-
bers associated to object detection, cross-matching, and detec-
tion qualification. Figure 6 shows the number of VIS and NIR
detections in the wide-like processed tiles of patch 44, which is
in the EDF-N. The points in the lower branch mark the typical
ratio between VIS and NIR detections with the absolute numbers
scaling with the FILLING_FACTOR. The tiles in the upper branch
have a large FILLING_FACTOR with an unusually large number
of NIR detections. This is the result of an incomplete coverage
of VIS data for those tiles, which is usually caused by large pro-
ton showers coming from the Sun (see section 6.1.2 and Euclid
Collaboration: McCracken et al. 2026). Note that tiles with these
signatures are still validated and part of DR1 if the available data
matches the quality standards.

3.3. Point-like probability

In order to identify possible problems with the point-like
probability estimation in a patch, we compare for each tile
the number of objects with a high point-like probability
(POINT_LIKE_PROB > 0.96) to the number of objects matching
the Gaia DR3 catalogue. As shown in Fig. 7, these two numbers
are expected to be comparable.

3.4. PSF validation

The PSF validation compares the agreement between the median
FWHM of the propagated PSFs discussed in Sect. 2.4 and the
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Fig. 9. The 5 o depth in the Euclid filters for all tiles in the EDF-N patch
64.

median FWHM of Gaia stars as measured on the MER mosaics.
On a patch, the overall agreement is at the percent level for VIS
(see Fig. 8) and NIR and sub-percent for EXT. Tiles with more
than 5% discrepancy are reported as outliers but not invalidated.
In general the PSF validation for DR1 looks as shown in Fig.8.
However, for some bands and patches the comparison shows an
offset in the one-to-one relation indicating an issue with the PSF
model used for the photometry.

3.5. Image depth

In data validation we determine the depth of all aligned images
by measuring the flux in randomly selected apertures of 2 di-
ameter while skipping over apertures that contain detected ob-
jects (Euclid Collaboration: Romelli et al. 2026). We use the
median of these flux values to determine the 5o depth in AB
magnitudes. Figure 9 shows this characteristic depth in I, Y,
Je, and H; as a function of the mean exposure time computed
from the exposure time maps such as shown in Fig. 3 for all tiles
of the EDF-N patch 64. As expected the tiles at the border of the
patch with a low FILLING_FACTOR have a lower exposure time
and correspondingly lower depth. Given the uncertainties in both
quantities the image depth scales as expected.
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3.6. Photometry validation

To validate our photometry we compare our measured values for
point-like sources with the values expected from Gaia DR3 pho-
tometry. To do that, we use transformation functions that trans-
late the measured values from Gaia G, BP, and RP into each of
the photometry bands used in DR1 (I, Y;, Ji;, H, and the various
EXT bands). For the EXT data we are also using in each band the
measured transformation function that was used in the absolute
photometric calibration of the EXT data (Euclid Collaboration:
Aussel et al. 2026a; George et al. 2020). For the Euclid filters
we created transformation functions using synthetic stellar spec-
tra from Euclid Collaboration: Serrano et al. (2024) in the suit-
able range 0 < BP — RP < 2.5. For the typically more than a
thousand Gaia matches per wide tile we do a careful selection
to remove all objects with a potentially compromised photom-
etry and compute the median offset between the measured and
expected object brightness for each band photometric method.

Figure 10 shows, for all bands, the mean offset and standard
deviation for the tiles in EDF-N patch 64 in the left panel and
EDF-S patch 126 in the right panel. The band-specific offsets in
Fig. 10 are typical for DR1 data with a nominal EWS coverage.
The mean offset in /; is about —0.02 + 0.004, which is an im-
provement compared to Q1. The offsets in the Euclid NIR bands
are, depending on the photometric method, in the range —0.036
to —0.126 with a scatter of typically 0.015. This offset, deter-
mined using theoretical transformation functions, is larger than
in Q1. The mean offsets in the EXT bands are typically in the
range of a few percent and rather reflect the specific setup and
absolute photometric calibration of the various surveys than the
capabilities of the measurements in the OU-MER pipeline. The
difference between A-PHOT and T-PHOT estimates in the NIR
bands are mainly caused by a software bug in the T-PHOT pro-
cedure which was found after the DR1 processing and affects
mainly bright, point-like sources. The same template fitting algo-
rithm is involved in the PSF photometry computation, explaining
the large offsets in PSF fitting (—0.13 mag). We hence suggest to
use those measurements with caution, in particular the PSF pho-
tometry.

3.7. Alternative approaches to the photometry validation

3.7.1. Comparison to published extragalactic deep
catalogues

As an alternative to using Gaia data as ground truth or measur-
ing characteristic quantities, Euclid Collaboration: Gasparetto
et al. (2026) compares the photometry in our deep COSMOS cat-
alogues (see Table 5) and the COSMOS2025 catalogue (Shuntov
et al. 2026) for extended sources. In general, a good agreement is
found in all four Euclid bands and for three photometric methods
A-PHOT, T-PHOT and Sérsic fitting. All methods slightly over-
estimate the flux with respect to COSMOS2025, with T-PHOT
providing a better agreement in the NIR bands. However, possi-
ble systematics induced by the adopted techniques amount to the
same order of magnitude as the measured bias.

3.7.2. Source injection

As described in Euclid Collaboration: Kong et al. (in prep.), a
source injection pipeline, Cornifer, was developed to validate
the output quantities from the MER PF. In this project, synthetic
galaxies and stars with known properties are injected into ob-
served VIS, NIR, and EXT imaging data. The injected sources
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are designed to mimic the characteristics of the real sources.
The modified input images then go through the standard MER
PE. The photometric offset measured through source injection
is smaller than that obtained from comparisons with external
datasets, such as Gaia. A comparison of the injected and mea-
sured brightness shows no major issues in the recovered pho-
tometry below the 5 % level. sectionEstimating the global homo-
geneity of the MER photometry In Sect. 3.6 we used the Gaia
photometry as an absolute standard to validate the MER photom-
etry in each processed tile. In this section we measure the offset
between the Gaia and the MER photometry over the entire DR1
area to asses the homogeneity of the MER photometry. Likewise,
we interpret the scatter between the Gaia and the Euclid MER
flux in the various bands as a measurement of the relative flux er-
rors. Colour variations associated to different stellar populations,
as well as differential extinction, are also expected to contribute
to the observed scatter, so one should consider these relative flux
errors as upper limits.

Starting with the cross-matched Gaia sources in the MER
DR1 final catalogues we apply a series of selection criteria to
remove objects with a bad or compromised Gaia or MER pho-
tometry:

— we select objects that are very likely stars by using
CLASSPROB_DSC_COMBMOD_STAR > 0.99, which is a Gaia
quantity measuring the probability of the source being a sin-
gle star;

— we select single stars using NON_SINGLE_STAR = 0;

— we select objects with sufficient signal-to-noise ratio (S/N) in
all Gaia bands (S/Ng > 500, S/Ngp > 25 and S/Ngp > 35);

— following Riello et al. (2021) and their definitions for the
flux excess C* and its error o¢- (equations 6 and 18), we
select objects with consistent Gaia flux measurements [C*| <
oc(G);

— to avoid saturation in VIS, which in A-PHOT and T-PHOT
affects also the photometry in all low-resolution bands, we
select VIS-detected sources (using VIS_DET = 1);

— to avoid objects affected by incomplete coverage, saturation,
ghosts, or other cosmetic defects we de-select objects with
holes in the central region (1”75 x 1"’5 for VIS, 271 x 271 for
the NISP bands, and 5”71 x 5”/1 for the EXT bands) in the
imaging data;

— finally, we select only sources below the band-specific satu-
ration limit and with a high S/N detection (see Table 3 for
the precise magnitude limits applied to each band).

These selections result, depending of the Euclid band under
consideration (see Table 3), in sample sizes of 0.2 to 1.9 million
Gaia stars over the entire EWS released in DR1. As illustrated
in Fig. 11 for the I; band (VIS Kron flux), the selected objects
follow a tight relation in the colour-colour diagram G — I vs.
BP — RP, with few outliers only. The white dashed curve shows
a smoothed median fit to the data.

The residuals from these curves measure the homogeneity
and stability of the MER photometry over the EWS data released
in DR1. Since the residuals are based on a fit to the median of
the measured values, they only give an estimate of the relative
error in the MER photometry. Table 3 lists the residuals NMAD
for each Euclid band in the Euclid DR1 EWS. The values range
from 15 mmag in /; up to 97 mmag in the UNIONS CFIS u band.

We should note that these error estimates in Table 3 also in-
clude the Gaia relative photometric error, which is estimated as
<3 mmag (Riello et al. 2021). Our method also assumes that the
Gaia photometry can be used to estimate the photometry in the
Euclid bands, which might not always be the case for all bands
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Table 3. Relative photometry errors in the MER EWS DR1 catalog. 7000
0.6 6000
Band Sample size ~ Magnitude range NMAD iggg
(x10° sources) (mag) (mmag) 3000
I 1.90 (21.5, 16.2) 15 = 041
Y, 1.05 (22.0, 16.8) 35 &) 2000
Jy 0.95 (22.0, 16.8) 40 S 2] 2
H, 1.10 (22.5,16.7) 47 = 1000 ¢
DECam-g 1.41 (20.0, 15.7) 27 [ O
DECam-r 1.46 (19.5, 15.8) 22 2 0.04 *
DECam-i 1.40 (18.7, 16.0) 21 g
DECam-z 1.31 (18.5, 16.0) 26
MegaCam-u 0.07 (19.5, 15.5) 97 0.2
MegaCam-r 0.22 (19.5, 17.6) 26
HSC-g 0.35 (20.0, 17.2) 33
HSC-z 0.19 (20.5,17.2) 29 —0.4 p T 3 3 0
PS-i 0.22 (17.5,14.0) 20 Gaia (BP — RP) colour [mag]

Notes. The normalized median absolute deviation (NMAD) values were
calculated using the residuals to the fitted median curves to the MER
aperture (A-PHOT) photometry measurements and the Gaia DR3 mag-
nitudes. See Sect. 3.7.2 for more details.

(i.e. MegaCam-u). Finally, differential extinction can also con-
tribute to the scatter in the colour-colour plots.

4. Discussion of the PSF treatment in DR1

Usually the PSF model, which is provided over a limited area
for a combination of imaging throughput (combination of mirror,
instrument, filter,...), is given such that

S =) psf;=10
i

with psf; the value of the PSF at pixel i. For runtime and memory
reasons, the MER Q1 and DRI pipelines are not able to digest
PSFs with stamp sizes larger than 5”. If provided with larger in-
put PSFs, we cut out from the centre the maximum feasible size,
and for the stamp images it is then S samp < 1.0. This means that
not all flux in the PSF is collected; for example, S samp = 0.9
would indicate that 90% of the flux is collected inside the ex-
tracted PSF stamp region, while 10% the flux falls outside. In
the Q1 processing we had re-normalized the PSF stamps and
forced S = 1.0 for all PSF related processing. In the Q1 photom-
etry validation this procedure resulted in significant offsets of up

Fig. 11. The difference between the Gaia G-band magnitude and the
MER VIS Kron magnitude as a function of the Gaia BP — RP colour
for a sample of 1.9 million Gaia stars in the EWS DRI survey. All
magnitudes are in the AB photometric system. The colour bar has been
chosen to highlight low-density regions and outliers. The dashed white
curve shows the result of applying a smoothed median fit to the data.
As reported in Table 3, the scatter along the curve has NMAD around
15 mmag in the vertical direction.

to 10% in bands with larger PSFs in the Pan-STARRS i band,
which is generally the band with the larger PSF sizes. To correct
these offsets, it was decided not to re-normalise any PSF in DR1.

As a result of this decision, the resulting flux F, computed
for an object, is changed. Comparing the flux values using nor-
malized (n) and non-normalized (nn) PSFs the results are to the
first order

— for both A-PHOT and T-PHOT in the target band B

Fg' =Fp/(SE/SH) (H
— for Sérsic in band B

Fyg' =Fp/S¥ )
— for the VIS PSF fitting

Fi = F /Sy (©)
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Table 4. Median, NMAD, and the quantiles of the PSF normalization
values that correspond to 2.0 o for all VIS, NIR, and EXT bands in the
tile s (102)020534 (EDF-S) and (102)159192 (EDF-N).

Band Median NMAD  ¢2.77,¢97.23
020534/1; 0.957  1.13e-02  (0.936,0.980)
020534/Y; 0.985 7.41e-03 (0.970, 1.000)
020534/J;, 0.984  6.76e-03  (0.969,0.999)
020534/H; 0.984  5.26e-03 (0.971,0.994)
020534/DECam-g 0.974  2.89¢-03 (0.969,0.979)
020534/DECam-r 0.982  3.12¢-03 (0.977,0.988)
020534/DECam-i 0.987  1.09¢-03 (0.985,0.989)
020534/DECam-z 0.980  1.89e-03 (0.976,0.984)
159192/I,, 0.961  1.13e-02 (0.938,0.983)
159192/Y; 0.987  6.58e-03 (0.971,1.001)
159192/J; 0.987 6.31e-03 (0.971,1.001)
159192/H; 0.986  4.56e-03 (0.973,0.996)
159192/MegaCam-u 1.000  2.94e-04 (0.999, 1.000)
159192/HSC-¢ 0.996 691e-04 (0.994,0.997)
159192/MegaCam-r  0.999  2.99¢-04 (0.999, 1.000)
159192/PS-i 0.880  3.72¢-03  (0.868,0.887)
159192/HSC-z 0.999  8.24e-04 (0.997,1.000)

with the detection band D (either I; or NIR). The Kron photom-
etry in the detection band (column FLUX_DETECTION_TOTAL)
does not depend on the PSF model and its normalization.

The MER PF gets as input PSF models with variable shapes
and normalisation values S across the FOV for each input band.
The forward processing of these PSF models in MER as de-
scribed in Sect. 2.4 and Euclid Collaboration: Romelli et al.
(2026) section 5 results in MER PSF models with variable shape
and normalization S 3"(x,y) across the tile area. To provide typ-
ical values for representative tiles, Table 4 lists as key statis-
tics for the normalization values, the median, NMAD, and the
quantiles corresponding to 2.0 o~ for all bands of tiles 102020534
and 102159192. While all input data delivered by OU-NIR and
OU-VIS to the MER PF have the same PSF models (see Euclid
Collaboration: McCracken et al. 2026; Euclid Collaboration: Po-
lenta et al. 2026) in the Euclid bands, the normalization values
for the MER coadds still change from tile to tile since the map-
ping, orientation, and layering of the Euclid observations on each
tile are different. For the EXT bands the variable observing con-
ditions lead to tile-specific normalization values.

Using the non-normalised PSFs is not the best choice in all
cases. e.g., large extended sources, but by not normalizing the
PSF stamps, we managed to solve photometry issues in DRI,
such as the offset for Pan-STARRS i in Q1. Note that, while
the Pan-STARRS photometry has globally improved, this dataset
suffered from defects in local, isolated areas, which led to its
exclusion in an additional, separate processing of the photomet-
ric redhifts, as explained in Euclid Collaboration: Hartley et al.
(2026).

A careful analysis of the Gaia photometric offsets from Sect.
3.7.2 does show a strong dependency on the PSF normalization
value. This is illustrated in Fig. 12, which shows the A-PHOT off-
set in tile 102020534 for DECam-i as a function of the I; and
DECam-i PSF normalization in the left and right panel, respec-
tively. The strong dependency on the PSF normalization in Iy is
evident. Extending to larger areas of DR1 and other bands con-
firms that the I; PSF normalization is currently the limiting factor
of the photometric accuracy in DR1, according to the equations
above.

Article number, page 10

=

o .."o:. . :
g e,
e
s ."-ﬁ:' .
o e
90 o -:..0::‘:.‘. 0.... .
. PR

—40

DECam-¢ APhot relative error [mmag]

. .
0.92 0.94 0.96 0.98 1.00 0.984 0.986 0.988

I PSF normalization DECam-: PSF normalization

Fig. 12. The relative photometric offset in DECam-i for the Gaia stars
in tile 102020534 as function of the PSF normalization in I (left) and
DECam-i (right).

Similar to our results, also Euclid Collaboration: McCracken
et al. (2026) identify the ; PSF normalization as the main con-
tributor to the error in their PSF-based photometry. We note that
for I; based colours this dependency cancels out for both A-PHOT
and T-PHOT.

5. Comparison of objects in EWS and EDF coverage

In the Euclid survey design some sky areas are observed multiple
times. Comparing the processing results from different data sets
on the same tile allows an assessment of the statistical properties
for detection and deblending as well as the accuracy and gen-
eral systematics of the object properties measured on the same
objects with different input data.

5.1. Wide versus deep object detection and deblending

For this comparison, we selected the EWS pro-
cessed tile 102020534 (with exposure times of about
2.5, 0.35, 0.35, 0.35ks in I, Y., J;, H:), which is located
at EDF-S. We built a matching deep catalogue by combining
the objects lists of the nine overlapping EDF-S tiles (with an
exposure time of about 27.0, 2.8, 2.8, 2.8ks in I, Yy, Ji, Hp).
and then selecting the objects according to the core area of the
Wide tile.

Within a maximum distance of 0”/3 we have 96 704 wide ob-
jects from the total list of 114 810 that find a cross-match in the
deep list. In this tile, 54% of the unmatched wide objects are VIS
detected and 46% are NIR detected. Considering that only about
20% of the objects are NIR detected, these sources are clearly
overrepresented in the sample of unmatched wide sources.

A close inspection of the imaging data and the various object
lists reveal that this seemingly large amount of unmatched wide
objects comes from a quite limited number of features which are
illustrated in Fig. 13:

— diffraction spikes are different in the wide and deep images
and the false positive detections along the wide spikes can
not be matched in deep images. Note that these objects are
marked correspondingly in the DET_QUALITY_FLAG (rows 1
and 2);

— in the wide and deep data the same sky positions are recorded
with different S/N, which leads to very different deblending
results and many unmatched objects in the wide/deep com-
parison (rows 3 and 4);



Euclid Collaboration: M. Kiimmel et al.: The Euclid MERge DR1 processing

Fig. 13. Examples of wide objects without a counterpart in the deep
catalogues. From left to right the columns show the 5 X 5” large cutout
images in wide VIS detection, wide NIR detection, wide segmentation,
deep VIS detection and deep NIR detection. The crosshairs show the
target object position on the wide cutouts and all detected objects on the
deep cutouts. The first two rows show VIS ‘objects’ from diffraction
spikes, rows 3 and 4 mismatches due to different deblending, rows 5
and 6 diffuse NIR detections, and rows 7 and 8 NIR detections created
by unmasked bad pixels.

— some unmatched NIR-detected objects originate from rather
diffuse features that are not confirmed in the deep imaging
(rows 5 and 6);

— unrecognized cosmics and bad pixels in the NIR input im-
ages create quite a number of false positive NIR detections.
Visually they can be recognized by their sharp edges (rows 7
and 8).

While the number of isolated false VIS detections is small, the
comparably large number of diffuse false positives in NIR in-
dicates too shallow detections limits there. The wide vs. deep
object matching also indicates an over-deblending for the wide
and an under-deblending for the deep survey data. The optimiza-
tion of the detection and deblending parameters and especially a
differentiation of the parameter for deep and wide is an active
research area in preparing for DR2.

In Fig. 14 we report a comparison between the nominal deep
DR1 segmentation and the segmentation obtained with a differ-
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Fig. 14. Comparison of the DR1 nominal segmentation of the VIS
mosaic and the segmentation obtained with a different configuration
of the deblending algorithm. The left columns shows the VIS mosaic
produced by the MER pipeline, the central column shows the nomi-
nal DR1 segmentation, while the right column shows the segmentation
map obtained with a different configuration applied to mitigate the mis-
match in MER detections between the wide and deep processing. In the
central and right columns, sources are color-coded according to their
SEGMENTATION_MAP_ID. Note that in some cases (see bottom panels),
the different deblending parametrisation could lead to over-deblended
clusters of pixels.

ent tuning of the deblending configuration. In particular, we set
a smaller value of the deblender scale factor parameter (see Tra-
macere et al. 2016), enhancing smaller features in the image. It
must be noted that, even if a different parametrisation of the de-
blending algorithm can lead to better segmentation of most of
the critical cases, it could also lead to over-deblending in others,
see again Fig. 14.

5.2. Photometry

To investigate the consistency in the MER photometry between
EWS and EDF we compare the flux values of the cross-matched
objects in the VIS, NIR, and EXT bands. As examples Fig. 15
shows the difference between the deep and wide A-PHOT AB-
magnitudes for I (detection), J;, and DECam-r for the EDF-
S for all objects in tile 102020534 (panels upper, middle, and
lower, respectively). In all panels the x-axis value is the deep
detection flux, which places all objects at the same position on
the abscissa. The continuous line displays the median and the
errors bars the NMAD values in bins of 0.5 mag.

Over a large dynamic range in detection brightness the offset
in all three bands is constant and in the range of 0.01 mag and
below. Such small offsets can be explained by according differ-
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Fig. 15. The comparison of the deep and wide A-PHOT photometry of
the cross-matched objects of tile 102020534. The panels show the dif-
ference between brightness in wide and deep for I, Ji, and DECam-r
(from top to down) versus the deep detection flux. The continuous line
connects the median values and the NMAD in binned intervals.

ences in the photometric calibration of the deep and wide im-
ages. The trend to negative values in myide — Mgeep at faint mag-
nitudes is caused by the Malmquist bias (e.g. Butkevich et al.
2005). From the shallower wide data, only the objects that are
scattered to brighter flux values due to noise fluctuations enter
this sample of objects cross-matched with deep sources. Incon-
sistencies in either the wide or the deep data, for example due to
problems in the background modeling, would create a significant
signature in Fig. 15.

5.3. Object morphology

With deeper imaging, light profiles of sources extend into the
outskirts that were previously below the surface brightness limit,
and substructures within galaxies can also be revealed. The char-
acterization of galaxy morphology is therefore dependent on the
image depth (as well as on its resolution). For an exhaustive anal-
ysis of the impact of image quality on a series of morphologi-
cal measurements, we refer the reader to Sazonova et al. (2026).
Here we will focus on the impact of image depth on the products
of the morphology catalogues described in Sect. 2.6, by compar-
ing the values measured in the wide and deep images.

We apply the cleaning steps described in Euclid Collabora-
tion: Quilley et al. (2026) to limit the sample used throughout
this section to 56 194 valid galaxies, among which 48 641 have
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Fig. 16. Difference in the best-fit Sérsic parameters in the wide and
deep images, as a function of I; (deep detection) magnitude (Sérsic R.,
n, and g from upper to lower). There is overall agreement between the
measures, confirming that Sérsic fits provide a robust characterization
of morphology, which is not too impacted by image depth.

successful Sérsic fits in both wide and deep processing (the con-
dition for the Sérsic index n < 5.45 for Q1 is now n < 7.9 to ac-
count for the new maximum value allowed for n). We note that,
for objects with I; < 23, which is the recommended limit in the
Euclid Morphological Challenge (to remain at a non-significant
bias level and < 10% scatter, Euclid Collaboration: Bretonniére
et al. 2023), only 6.1% of the galaxies are removed as a result of
a poor fit, against 13.4% at all magnitudes.

Figure 16 shows the comparison between the effective radius
R., the Sérsic index n, and the axis ratio g of the best-fit profile



Euclid Collaboration: M. Kiimmel et al.: The Euclid MERge DR1 processing

-34°15' {8
20'4
25' 1

30'

Dec

35' i
40' 48 o

45'

00°
RA

3h50m00° 49™M30° 48M30° 00°

-34°15' 148
20

25' )

Dec

30
35

40'}

45" B8 7
48™M30°

49M30°
RA

i
3h50m00° 00° 00°

Fig. 17. The coadded I; (left) and J; (right) images of the EWS border tile 102036162. About 52% of the tile core area is covered.

derived in the VIS wide and deep images, as a function of the
object magnitude (using the I; deep detection magnitude). Sér-
sic parameters are supposed to be robust measurements that are
not dependent on image depth and this is confirmed here by the
null or negligible median difference in all three parameters. In-
deed, the relative difference in R, has an absolute median value
below the percent level for I, < 23.5, with 68% of the objects
within a +£10% difference. For the Sérsic index, there is a sub-
tle difference for the bright objects in the first two bins, which
have a slightly higher n value in the wide than in the deep image,
with median relative difference of 6.4% and 2.6%. The scatter
also increases with magnitude more strongly than for R, For the
axis ratio, the absolute median difference remains below 0.012
at all magnitudes (and 0.005 for /; < 23.5). The difference distri-
bution however exhibits a mild but systematic asymmetry, with
a consistently larger upper-tail spread than lower-tail spread, as
quantified by the distance to the median for the 16th and 84th
percentiles of the distribution, with (median—P,¢)/(Ps4—median)
ranging from 1.09 to 1.81. We also looked at the differences be-
tween the wide and deep parameters as a function of the consid-
ered parameter itself (€.g. Nwide — Mdeep VETSUS Ngeep) and found
no noticeable trend. The differences measured here are much
smaller than the physically meaningful variations usually inves-
tigated in studies of the size evolution of galaxies with redshift,
or used in the classification of galaxies between late (n ~ 1) and
early-type (n ~ 4) morphologies (Euclid Collaboration: Quilley
et al. 2026). This means the Sérsic parameters from the MER PF
provide valuable information for morphological studies at least
down to the brightness limit mentioned above.

6. Overview of the MER DR1 data

The data selected for the Q1 release were carefully picked from
very homogeneous observations of the three EDFs (see Euclid
Collaboration: Aussel et al. 2026a), and consequently the re-
leased MER data are very homogeneous (coverage, depth, etc.)
as well. DR1 contains data taken over a much longer time that

have experienced a much larger range of observing conditions.
While Euclid Collaboration: Aussel et al. (2026b) describes the
DRI data selection and the observing conditions, this section
discusses the properties and features of the released MER data.

6.1. MER EWS data
6.1.1. Partially covered tiles

Since the MER PF runs on tiles which are defined independent
from the Euclid observations (see Sect. 2.1), there are border
tiles that are not fully covered with Euclid data. Figure 17 dis-
plays the /; and J; coadded images of the border tile 102036162
in the left and right panels, respectively. The coverage of this tile
is 52%, as measured via the fraction of HEALPix indices con-
taining detected objects. 7803 (88%) of the 8887 tiles released
in DR1 have a coverage > 80%. Note also that the border area is
covered by a decreasing number of image dithers which results
in a decreasing S/N.

6.1.2. Tiles with inhomogeneous Euclid coverage

The MER PF is run on tiles that are covered with VIS, NIR, and
EXT data. Due to adverse conditions such as proton showers
coming from the Sun, some Euclid data is deteriorated and the
quality criteria in the VIS and NIR PF’s are not met. If this is
the case for part of the data, the resulting imaging is shallower
than intended. This is shown in Fig. 18 for the J;-band coadd of
102015130. As can be seen on the layer image in the right panel,
most of the image is covered with only two data layers instead
of the usual four.

More severe data deterioration can also lead to an incomplete
coverage in the Euclid bands, which means that part of the tile
is not covered in some bands. As an example, Fig. 19 displays
for tile 102015171 the I; image on the left panel, which is fully
covered, and the J; image on the right, which is filled to about
50%. For this tile the coverage in Y; and Hj is the same in J;.
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Fig. 18. Preliminary The coadded J; image of tile 102015130 (left), which has a shallow coverage, as shown on the layer image (right).

Defining a tile as incomplete if the coverage in a band is more
than 10% smaller than the combined coverage in VIS and NIR,
then there are 34, 405, 560, and 510 incompletely covered tiles
in Iy, Y, Ji, and Hy, respectively.

6.2. MER data for EDS, calibration and extra fields

In addition to EWS data, the DR1 also contains some additional
fields with generally much deeper data compared to the EWS.
Next to the three EDFs (EDF-South, Fornax and North with 10,
2 and 11 EWS visits) there are the photo-z calibration fields
CDFS, COSMOS, and the colour gradient field AEGIS. Then
there are the three instrument calibration fields (see Euclid Col-
laboration: Schirmer et al. 2026) self-calibration (SELFCAL),
contamination (F-014) and wavelength dispersion (PN), and four
fields (SSO-ECLIPTIC, EMDS-HSC-HL-3, EMDS-HSC-HL-4
and ILS-WAVES-S) that were observed during the phase diver-
sity calibration (PDC) thermal stabilization campaign (see Eu-
clid Collaboration: Aussel et al. 2026b). These additional fields
span a wide range in terms of size and observing time and all
have been processed with the MER PF as presented in this pa-
per. Table 5 lists the main features of the MER processed data
for EWS and the additional fields.

When validating the field ILS-WAVES-S we found that the
PSF size as measured on the Gaia stars in I; (see Sect. 3.4) for
each tile changed from 077210 at the beginning of the observa-
tions to about 0’7203 at the middle of the observation period (see
Fig. 20), which is caused by the final relaxation of the VIS instru-
ment after the de-focused PDC campaign (see Neumann et al.
2026).

7. Conclusions and outlook

In this paper we have presented an overview of the OU-MER
pipeline that has been used to process the data for the Euclid
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DRI1. The photometric and morphological measurements which
represent the output of the OU-MER pipeline are being used
by the downstream OUs in the Euclid SGS (OU-PHZ, OU-SIR,
OU-SHE, and OU-LE3) for photometric and spectroscopic red-
shift estimates, shear measurements, and ultimately the measure-
ments of cosmological quantities. Their results are presented in
a series of dedicated papers (see Euclid Collaboration: Aussel
et al. 2026b, for a detailed overview).

DR1 data come with some caveats and known issues that had
been identified by members of the SGS and the Euclid Consor-
tium in general. A description of how to work with OU-MER
products in the DR1 dataset as well as the photometry and mor-
phology cookbooks can be found in the DR1 Explanatory Sup-
plement9. ‘We also offer additional metadata such as tile indices,
Euclid exposure times, detection numbers and similar for all
MER data and link to python scripts to enhance the object cata-
logues.

The OU-MER pipeline is evolving with time with the goal to
improve its output products. In addition to the dedicated process-
ing for data releases such as Q1 or DR1, these improved versions
are being tested in the Euclid SGS on-the-fly (OTF) processing
(Euclid Collaboration: Ruffenach et al. 2026) which is continu-
ously run on new incoming data from the Euclid satellite. For
DR2 we are targeting improvements in coadding of the Euclid
images, the object deblending and the identification of spurious
sources.

The pipeline validation described in Sect. 3, the photometry
validation with outside catalogues in Euclid Collaboration: Gas-
paretto et al. (2026), and feedback from the downstream OUs
tell us that our data, and in particular our photometry, is of suffi-
cient quality to support DR1 science. As part of the continuous
pipeline development for the OTF processing and with dedicated
tests we are aiming to improve the consistency of our photome-

® http://po.pages.euclid-sgs.uk/
ExplanatorySupplement/release-DR1-Foundation/
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Fig. 19. The coadded I; (left) and J; (right) images of the EWS tile 102015171. About 52% of the tile core area is covered.

Table 5. An overview on MER processing results for the all fields of DR1

Field tiling number exposure exposure exposure exposure source EXT data
mode  of tiles® time I,® timeY,® timeJ,® time H," density®
EWS wide 8388 2274.0 314.1 312.7 314.1 116.2  PS-i HSC-g/z MegaCam-u/r DECam-¢
EDF-N deep 474 20827.7 2845.3 2813.1 2841.5 218.2 HSC-g/r/r2/ili2/z
EDF-S deep 547  20265.2 2809.2 2821.1 2821.7 2167 DECam-g/r/i/z
EDF-F deep 222 4018.7 559.5 558.8 5574 129.8 DECam-g/r/i/z HSC-g/r2/i/i2/z
CDEFS deep 15 45847.4 6215.6 6144.2 6147.6 2442 DECam-g/r/i/z HSC-g/r2/i/i2/z
COSMOS deep 46 518532 6312.5 6338.5 6310.5 2324 DECam-g/r/i/z HSC-g/r/r2/i/i2/z
AEGIS deep 27 28953.0 4033.2 4034.1 4033.9 245.6
SELFCALY wide 161 7804.4 1043.7 1042.7 1043.1 152.6  MegaCam-u/r PS-i HSC-g/z
F-014 wide 137 4929.0 662.7 670.1 670.5 136.5 MegaCam-u/r PS-i HSC-g/z
PN wide 10 2179.7 288.7 288.6 288.7 315.0
SSO-ECLIPTIC wide 82 9502.4 1250.7 1253.6 1230.4 128.5
EMDS-HSC-HL-3  wide 54 9845.0 1059.8 996.4 1056.6 158.2 HSC-g/r2/i2/z
EMDS-HSC-HL-4  wide 50 8477.9 1404.3 1341.6 1404.3 165.2 HSC-g/r/r2/i2/z
ILS-WAVES-S wide 160 4207.7 541.8 538.1 546.7 116.6

# With a data coverage > 0.3.
b Median of the tile exposure times in [s].
¢ In [arcmin~?].

4 For the MER processing the self-calibration data was sub-divided in 16 chunks covering the same field.

try to meet the tighter constraints of the next and more extended
Data Release 2.
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