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ABSTRACT

This paper describes the Euclid DR1 photometric masks, which trace spatial variations in the survey properties (e.g. satellite position angles,
integration time, sky tiling, and survey footprint); in the instrumental performance of Euclid and the external data (EXT) it uses (e.g. survey
coverage, depth, PSF width, quality flags, systematic effects and astrometric uncertainties); and in possible contamination from sky emission (e.g.
galactic extinction and zodiacal light emission). Among this, the effective coverage mask is particularly important as it defines the effective survey
area and can be used to exclude spurious objects when selecting Euclid photometric samples for scientific analyses. The Euclid photometric masks
are built for each observed sky region (tile) and are provided as full-sky HEALPix maps (nested ordering and explicit indexing) at Ngge = 16 384,
equating to a resolution of 12788, for both the Euclid Wide Survey (EWS) and Euclid Deep Survey (EDS). We estimate the total area of the
DR1 EWS (EDS) to be 2008.8 (74.7)deg? and find that 82 (81)% of this area is preserved by the effective coverage mask. We observe that
Euclid’s instrumental properties are consistent with expectations, showing only minor relative variations across the sky. For DR1 EWS the standard
deviation of the depth (computed for a 2 aperture and at 5 o) is below 0.2 AB mag, with median values of 25.69, 24.14, 24.3, and 24.29 for
the Euclid Iy, Yz, Jg, and Hg bands. Finally, we expect these photometric masks to be key to many science applications and in particular for

cosmological analyses.
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1. Introduction

The Euclid satellite mission (Euclid Collaboration: Mellier et al.
2025), launched in July 2023, aims to constrain the main cosmo-
logical parameters through two primary cosmological probes:
gravitational lensing and galaxy clustering (Amendola et al.
2018; Euclid Collaboration: Blanchard et al. 2020). To this end,
it will collect data over the 14000 deg®> Euclid Wide Sur-
vey (EWS) and the approximately 63 deg” Euclid Deep Survey
(EDS; Euclid Collaboration: Scaramella et al. 2022)!.

Euclid has two instruments
(Euclid Collaboration: Scaramella et al. 2022): the Visible
instrument (VIS, Euclid Collaboration: Cropper et al. 2025)
and the Near Infrared Spectrometer and Photometer (NISP,
Euclid Collaboration: Jahnke et al. 2025). VIS was designed
to provide exquisite imaging in the optical domain for galaxy
detection and shear measurements. It consists of a single
visible band, I;. NISP provides photometric imaging in three
bands, Y;, Ji, and Hg, for detecting distant galaxies, as well
as spectroscopic redshifts for galaxy clustering. The Euclid
data are combined with external data (referred to as ‘EXT’, see
Euclid Collaboration: Corcho-Caballero et al. 2026, for more
details) from ground-based photometric surveys such as the
Dark Energy Survey (DES, Abbottetal. 2021), the Canada-
France Imaging Survey (CFIS, Ibata et al. 2017), the Panoramic
Survey Telescope and Rapid Response System on Maui (Pan-
STARRS, Magnier etal. 2020), The Waterloo-Hawaii-IfA
G-band Survey (WHIGS), and the Wide Imaging with Subaru
HSC of the Euclid Sky (WHISHES, Aiharaetal. 2018) to

! https://www.cosmos.esa.int/web/euclid/euclid-survey

determine photometric redshifts for all VIS- and NISP-detected
objects (Euclid Collaboration: Hartley et al. 2026).

The processing of Euclid data (see
Euclid Collaboration: Ruffenach et al. 2026, for a detailed
description) is organised within the Euclid Science Ground
Segment (SGS) into pipelines and processing functions (PFs).
Each PF is developed and maintained by a corresponding
Organisational Unit (OU) within the SGS. This paper describes
the OU-LE3 (Organizational Unit Level 3) VMPZ-ID (Visibility
Mask PhotoZ-Internal Data) PF (Processing Function) and asso-
ciated pipelines contributing to the core products of Euclid Data
Release 1 (DR1 Euclid Data Release 1 2026), also known as
DR1 Foundation. An overview of the DR1 Foundation products
is given in Euclid Collaboration: Aussel et al. (2026b). The DR1
sky survey (Euclid Collaboration: Tereno et al. 2026) comprises
about 2000deg® of the EWS and the three EDS subfields:
Euclid Deep Field Fornax (EDF-F), South (EDF-S), and North
(EDF-N). Some Euclid Auxiliary Fields and calibration fields
are also released.

The main VMPZ-ID products are HEALPix* (Gérski et al.
2005) sky maps, which are called photometric masks hereafter,
tracking spatial variations in the properties of the Euclid survey,
the instrumental performance of VIS and NISP, the quality of
EXT data, and foreground sky emission. These variations could
propagate into the final Fuclid catalogues and bias the estima-
tion of cosmological parameters, as reported for other photo-
metric surveys, such as KiDS and DES (see Weaverdyck et al.

2 Hierarchical Equal Area isoLatitude Pixelation of a sphere, see
https://healpix.sourceforge.io/
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2026; Yan et al. 2025, and references therein). These masks will
be also useful in selecting Euclid galaxy samples for statistical
studies in non-cosmological analyses.

The main inputs to the VMPZ-ID PF are merged
sky images and associated RMS noise and flags (see
Euclid Collaboration: Kiimmel et al. 2026, for further descrip-
tion). Star catalogues and star polygons including the central
diffraction lobe and diffraction spikes, which are constructed
from the Gaia survey, are also used (Gaia Collaboration et al.
2016).

This document is structured as follows. Section 2 presents
the VMPZ-ID pipeline and the products delivered in DR1. Sec-
tion 3 details the VMPZ-ID photometric masks, Sect. 4 discusses
the main EWS photometric masks, and Sect. 5 describes the
masks for the EDFs. Conclusions are presented in Sect. 6.

2. VMPZ-ID pipeline and products

The DR1 VMPZ-ID pipeline is based on the Q1 pipeline de-
scribed in Euclid Collaboration: Aussel et al. (2026a) and has
since been improved and extended to include additional sky
masks. Information associated to the VIS, NIR, and EXT MER
(MERge processing, Euclid Collaboration: Kiimmel et al. 2026)
images at exposure (e.g. integration time, star polygons, satel-
lite position angles, PSF width) and tile (e.g. image foot-
print, mask flags and noise) levels is combined into a series
of masks in the HEALPix format using nested ordering, ex-
plicit indexing and Ngiq. = 16 384, which corresponds to a res-
olution of approximately 12°/88. This resolution was selected
as a good compromise between usability, allowing for loading
an all-sky mask in the memory of a Euclid Science Data Cen-
tre node, and preserving as much as possible of the fine spa-
tial information given by the pixel scale masks of the orig-
inal MER images (Euclid Collaboration: Kiimmel et al. 2026).
VMPZ-ID also produces, at the same resolution, the so-called
DpdHealpixInfoMapVMPZ product, which enables satellite and
instrumental properties to be tracked and projected onto the sky.
This allows straightforward cross-checks between spatial infor-
mation (for example, the noise at a given point in the survey)
and temporal information (for example, the value of a tempera-
ture sensor on the Euclid focal plane), and facilitates searches for
possible effects on Euclid performance. Finally, random galaxy
catalogues are also produced to mimic spatial variations in the
combined coverage of all bands used for photometry.

2.1. Pipeline

VMPZ-ID is the first OU-LE3 PF to be executed after OU-LE2
processing (Euclid Collaboration: Ruftfenach et al. 2026). The
photometric masks are constructed from MER data prod-
ucts and Gaia cutouts (Euclid Collaboration: Kiimmel et al.
2026) at the tile (see tessellation scheme in
Euclid Collaboration: Scaramella et al.  2022)  level  us-
ing two main pipelines named VMPZ_Star_Pipeline
and VMPZ_Mosaic_Pipeline. These two  pipelines
are triggered by the operations team, as described in
Euclid Collaboration: Ruffenach et al. (2026), as soon as
the MER (see Euclid Collaboration: Kiimmel et al. 2026,
for details) data products are available for a given tile.
The VMPZ_Star_Pipeline mainly produces masks re-
lated to properties of the stellar distribution on the sky. The
VMPZ_Mosaic_Pipeline handles survey, satellite, instrumental
and sky properties.
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2.2. Main data products

The main products of the VMPZ_Star_Pipeline and
VMPZ_Mosaic_Pipeline pipelines consist of the following six
main types of photometric masks and a random catalogue.

— DpdHealpixFootprintMaskVMPZ: integer values, equal to
1 if the sky region has been observed and O otherwise.
For DRI, instances have been produced for the Euclid
bands, I, Ji, Hy, and Y;, and for all available external bands
(Euclid Collaboration: Corcho-Caballero et al. 2026).

— DpdHealpixCoverageVMPZ: float values between O and 1,
representing the coverage, i.e., the fraction of HEALPix pix-
els covered by the available valid data for each of the Euclid
and EXT bands, as for DpdHealpixFootprintMaskVMPZ.

— DpdHealpixEffectiveCoverageVMPZ: float values be-
tween O and 1, representing the effective coverage, i.e., the
fraction of HEALPix pixels covered by valid data combining
the Euclid and EXT bands.

— DpdHealpixBitMaskVMPZ: unsigned integer values whose
bits are associated with the flags of the MerBksMosaic (see
Euclid Collaboration: Kiimmel et al. 2026, for details).

— DpdHealpixDepthMapVMPZ: float values representing the
RMS-derived depth for each Euclid and EXT band.

— DpdHealpixInfoMapVMPZ: float values representing differ-
ent quantities of interest. To discriminate between the masks
associated to different physical quantities we define the
so-called InfolMap type as described in Sect. 3 and Table.1.

— DpdHealpixRandomCatalogueVMPZ: generic container for
storing simulated galaxy catalogues.

3. Detailed mask description

The VMPZ-ID pipelines have produced 104 photometric masks
for DR1. Table 1 summarises the main properties of these masks.
A more detailed description of each mask is given below. We
warn the reader that these masks present in some cases redundant
or correlated information.

3.1. Survey-definition masks and random catalogues

The main masks accounting for the Euclid survey coverage and
the spatial distribution of the EXT data are presented here.

— Tile index: for each HEALPix pixel, it encodes the num-
ber of the MER tile on which it lies. This is stored as a
DpdHealpixInfoMapVMPZ product with information map
type Tile. Tile numbers are given as signed 64-bit integers.

— Footprint: defines the observed or valid sky area. This is
stored as a DpdHealpixFootprintMaskVMPZ product with
a weight of 1 for valid HEALPix pixels. It is available for
the Euclid and EXT bands. The mask is constructed from
the MerBksMosaic maps, with observed sky regions set
to 1 and the others to 0. Additional flagging at the MER
processing level, encoded in the MerBksMosaic RMS maps,
is also taken into account. MER tile pixels with zero RMS
or above a given fixed threshold, o esh =10000 ADU,
are considered unobserved and treated accordingly when
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Table 1. Summary of the main characteristics of the photometric masks produced by VMPZ-ID.

Mask Mask Mask Information Numerical  Units Per-band
name family product type map type type mask
Tile index Survey DpdHealpixInfoMapVMPZ Tile int64 ... no
Solar aspect angle  Survey/Satellite DpdHealpixInfoMapVMPZ SAA float32 deg no
Alpha angle Survey/Satellite DpdHealpixInfoMapVMPZ AA float32 deg no
Beta angle Survey/Satellite DpdHealpixInfoMapVMPZ BA float32 deg no
Integration time Survey DpdHealpixInfoMapVMPZ Exposures float32 sec Euclid only
Footprint Survey/Instrument  DpdHealpixFootprintMaskVMPZ float32 ... yes
Coverage Survey/Instrument DpdHealpixCoverageMaskVMPZ float32 ... yes
Effective coverage Survey/Instrument DpdHealpixEffectiveCoverageMaskVMPZ float32 combined
Bit mask Instrument DpdHealpixBitMaskVMPZ e uint32 . yes
Depth Instrument DpdHealpixDepthMapVMPZ .. float32  AB mag yes
RMS noise Instrument DpdHealpixInfoMapVMPZ Noise float32 ADU yes
Point-spread function Instrument DpdHealpixInfoMapVMPZ PSF float32 arcsec yes
Persistence Instrument DpdHealpixInfoMapVMPZ Persistence float32 ... NIR only
NIR PRMS Instrument DpdHealpixInfoMapVMPZ NIR_PRMS float32 mas NIR only
Pan-STARRS artefacts Instrument DpdHealpixInfoMapVMPZ PanStarrsArtefacts float32 Pan-STARRS only
Zodiacal light Sky/Instrument DpdHealpixInfoMapVMPZ  ZodiacalLight float32 erg em2A™" Euclid only
arcsec™
Galactic extinction  Sky/Instrument DpdHealpixInfoMapVMPZ GalacticExtinction float32 mag Euclid only
Star number density ~ Sky emission DpdHealpixInfoMapVMPZ StarNumberDensity float32 counts/pixel no
Star mean flux Sky emission DpdHealpixInfoMapVMPZ StarBrightnessMean float32 e’ /s Gaia G
Star RMS flux Sky emission DpdHealpixInfoMapVMPZ StarBrightnessRms float32 e /s Gaia G
Star std flux Sky emission DpdHealpixInfoMapVMPZ StarBrightnessStd float32 e’ /s Gaia G

Notes. For each mask, the table gives the mask family (indicating whether it is related to survey properties, satellite status, instrument performance,
or sky emission), the information map type as defined in the text, information map type (only for the DpdHealpixInfoMapVMPZ masks) and
the numerical type. It also indicates whether the masks are produced per band, including Euclid and EXT bands. Gaia G band is defined in
https://www.cosmos.esa.int/web/gaia/edr3-passbands/

computing the footprint. Finally, all MER tile pixels lying
within a HEALPix pixel are combined using a logical OR
operator.

Coverage: determines the relative coverage, float number
between 0 and 1, for each HealPix pixel and for each
Euclid and EXT band. The coverage per band (Euclid and
EXT) is calculated from the MerBksMosaic maps. MER
tile pixels for which the RMS value is zero or exceeds o hyresh
are considered unobserved. Furthermore, for the Euclid
bands, polygonal masks are used to exclude sky regions
affected by bright-star emission. For each HEALPix pixel,
the coverage is given by the fraction of valid MER tile pixels.

Effective coverage: defines the fraction of sky simultane-
ously observed in all photometric bands. An initial effective
coverage mask is constructed at the MER mosaic resolution
(19200 % 19 200 pixels), before projection onto the HEALPix
grid. As defined the initial effective coverage mask is binary
(either O or 1) while the HEALPix one can have float val-
ues between 0 and 1. In this initial mask, for each available
VIS, NIR, or EXT band, MER tile pixels for which the RMS
value is zero or above o gesn are considered unobserved. In
some cases, multiple EXT data sets in equivalent photomet-
ric bands (e.g. HSC R, HSC R2, HSC I, HSC [2) are used to
cover the same tile. To handle this, effective EXT bands are
defined; for each of them, multiple input data sets are avail-
able, and their validity masks are first combined using a logi-
cal OR operator. The masks from the different effective bands

Regions affected by bright stars are subsequently excluded.
For the I, Y3, Ji, and H; bands, when stellar polygons de-
scribing stellar lobes and diffraction spikes are available,
they are directly rasterised onto the initial MER effective
coverage grid. For the EXT data, an additional mask is con-
structed using Gaia star catalogues. Stars with magnitude in
the G red band Ggp < 14 are masked® with circular regions
whose radii, expressed in arcmin, follow the empirical rela-
tion (see left panel of Fig. 1)

r.(Grp) = —0.01972 Gy p + 0.65849 G,

—7.31734 Ggp + 27.75053. )
The resulting radii are enlarged by 20% when constructing
the circular masks to minimise the number of spurious detec-
tions while preserving galaxy counts in the final Euclid cat-
alogues. Bleeding trails (see Desai et al. 2016, for a discus-
sion) are additionally masked for stars with Ggp < 10.3; their
width is described by the empirical polynomial (see Fig. 1 b)

Toiecd(Grp) = +0.06158 Gyp — 1.98886 Gy

+23.65131 Gap — 123.78714 Grp 2
+245.65947,
with the polynomial value saturated at Ggp = 4 for the

brightest stars. The resulting rectangular masks have a
magnitude-dependent total angular width of 2 ryeeq and a

are then combined using a logical AND operator, thereby re-
taining only regions observed in all effective bands.

3 The Gaia G red band magnitude, Ggp, is defined in https://www.
cosmos.esa.int/web/gaia/edr3-passbands/
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fixed extent of 0/488 in the perpendicular direction to the
bleed.

A pre-selected set of extended objects is also masked. This
set comprises globular clusters and planetary nebulae from
the New General Catalogue* (NGC) and nearby galaxies
from the Siena Galaxy Atlas® (SGA). NGC objects are
masked using their radii, while SGA galaxies with an ap-
proximate Vega magnitude of MAG_LEDA < 16.5 are masked
using elliptical regions Bleeding on their major and minor
axes and position angles, with their dimensions enlarged by

3.3. Instrumental-property masks

For each of the Euclid and EXT bands, masks of the main instru-
mental properties are obtained from the MerBksMosaic maps.
For each HEALPix pixel, the weighted average of the instru-
mental properties is computed. As for the previously described
masks, zero weight is assigned to MER tile pixels with RMS
equal to zero or above a given threshold representing bad or cor-
rupted data.

— RMS noise: represents the average root mean square (RMS)

30%. The resulting initial effective coverage mask is pro-
jected and averaged onto an Ngge = 16 384 HEALPix grid to
produce the final effective coverage mask. This mask is saved
as a DpdHealpixEffectiveCoverageMaskVMPZ product.

Additionally, the initial effective coverage mask is used
to construct a flag called EFF_COV for each object in the
DpdMerFinalCatalog. This flag is 1 if the object position®
lies on a pixel with non-zero initial effective coverage, and 0
otherwise. This flag is stored in the second extension of the
effective coverage FITS’ file.

— Random catalogues: random galaxy catalogues are gener-
ated from a uniform distribution weighted at each posi-
tion by the effective coverage value. The positions of the
simulated galaxies (RA and Dec) are stored as tables in
DpdHealpixRandomCatalogueVMPZ products for each tile.
Figure 2 shows an example of a random catalogue.

3.2. Survey-related masks

Masks related to the satellite’s position and integration time dur-
ing operations are presented here.

— Solar aspect angle: defines the Euclid satellite
solar aspect angle in degrees as described in
Euclid Collaboration: Scaramella et al.  (2022). This is
stored in a DpdHealpixInfoMapVMPZ information map of
type SAA. It is computed from the MER layering files, which
contain both the integration time and the satellite angles for
each exposure. The final mask is obtained by computing the
exposure-time-weighted mean value for each HEALPix pixel.

— Alpha/beta  angles:  defines the  Euclid  satel-
lite Alpha and Beta angles in degrees
(Euclid Collaboration: Scaramella et al. 2022). Both are
computed and stored like SAA, using information map types
AA and BA, respectively.

— Exposures: for each of the Euclid bands, this represents the
total integration time in seconds per HEALPix pixel and is
calculated from the MER layering files described above. This
is stored as a DpdHealpixInfoMapVMPZ product.

4 Bleeding trails on the OpenNGC (NGC/IC objects) catalogue. See
https://www.legacysurvey.org/dr9/external/ and https://
github.com/mattiaverga/OpenNGC/ .

5> Based on the 2020 version of the Siena Galaxy Atlas, SGA-2020. See
https://www.legacysurvey.org/dr9/external/ and https://
www.legacysurvey.org/sga/sga2020/.

6 Notice that we do not take into account the object extension

7 Flexible Image Transport System: https://heasarc.gsfc.nasa.
gov/docs/heasarc/fits.html
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noise of the Euclid and EXT images. This is computed
from the MerBksMosaic RMS noise maps in ADU units,
which are averaged and projected onto HEALPix maps. The
resulting maps are stored as DpdHealpixInfoMapVMPZ
products of information map type Noise. For unobserved
regions, the RMS noise value is set to zero.

Depth: represents the average depth at each sky position and
is stored as DpdHealpixDepthMapVMPZ products. This is
computed from the Euclid and EXT MerBksMosaic RMS
maps according to the following definition:

aper

m = —2.5logy, [RMS ipresh ] +7ZP, 3)

pixel

where RMS and ZP are the RMS noise value and photomet-
ric zero point, respectively, as defined in the MerBksMosaic
maps. The detection threshold, dinesh, 1S set to 5, corre-
sponding to a 5 o detection, while Agper and Apixe represent
the detection aperture and pixel areas, respectively. A
2”-diameter aperture is used to compute the depth.

PSF FWHM: defines the average full width at half max-
imum (FWHM), in arcsec, at each sky position for the
Euclid and EXT bands. This is stored in a DpdHealpixIn-
foMapVMPZ product of information map type PSF. For the
MerBksMosaic maps, FWHM estimates are available only
at the positions of bright stars in the tile field. A two-pass
2D interpolation (cubic spline then nearest-neighbour on the
remaining not sampled areas) is therefore performed across
the tile area, starting from a sufficiently coarse grid to avoid
artefacts in the final derived mask.

Bit mask: is an effective bit mask stored as a
DpdHealpixBitMaskVMPZ product. For each HEALPix
pixel in the final mask, it is computed by applying a bitwise
OR operation to the bit-mask values of all MerBksMosaic
pixels falling within it. The meaning of the different
bits is described in the MER data model presented in
Euclid Collaboration: Kiimmel et al. (2026).

Persistence: reflects the overall contamination of
the NIR photometric data by persistence (see
Euclid Collaboration: Kubik et al. 2026, for a detailed
description of persistence effects) at each sky position.
This is stored as a DpdHealpixInfoMapVMPZ product with
information map type Persistence. The HEALPix persis-
tence mask is derived from bit 13 of the MerBksMosaic bit
mask, which flags regions severely affected by persistence.
It ranges from O to 1 and gives the fraction of each HEALPix
pixel affected by persistence, but does not provide informa-
tion on the level of persistence.
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Fig. 1. Left: empirical radius around Gaia stars as a function of Gaia red band magnitude. Right: empirical bleeding-trail width around Gaia stars

as a function of Gaia red band magnitude.
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Fig. 2. Left: initial effective coverage binary mask at MER resolution for tile number 102015162. The circular masks around bright stars are clearly
visible, as well as the additional masks for diffraction spikes and bleeding trails. Middle: final combined HEALPix effective coverage mask for the
same tile. Because of the significantly lower resolution of the effective coverage mask, the original masking is smeared out, reducing the survey
coverage. Right: example of random catalogue derived from the effective coverage mask for a fixed mean galaxy density of 80 galaxies arcmin 2.

— NIR PRMS: represents the maximum RMS offset in mil-
liarcseconds (mas) of the NIR stack astrometric residuals.
The maximum RMS offset is computed for each stacked
catalogue generated for a specific observation ID at a
resolution of about 30", following the procedure described
in Euclid Collaboration: Radovich et al. (2026). The maps
for all observation IDs corresponding to the EWS are then
projected and averaged onto a common HEALPix grid. The
resulting mask is stored as a DpdHealpixInfoMapVMPZ
product with information map type NIR_PRMS.

— Pan-STARRS artefacts: defines regions in
the = Pan-STARRS  i-band EXT  images (see
Euclid Collaboration: Corcho-Caballero et al. 2026)

that are affected by systematic effects. This is stored
as a DpdHealpixInfoMapVMPZ product with in-
formation map type PanStarrsArtefacts. The
mask is built from the MER final catalogues (see
Euclid Collaboration: Kiimmel et al. 2026) by selecting
sources with anomalous Pan-STARRS/VIS flux ratios,
defined by default as Fps/Fyis > 3.5 or Fps/Fyis <1/3.5,
and requiring a flux-ratio signal-to-noise > 3. Their spatial
distribution is smoothed with an Epanechnikov kernel den-
sity estimator® (KDE) with a 30" bandwidth, evaluated on

8 The Epanechnikov kernel density estimator is defined as f(x) =
nl—h > K(%), where K(u) = %(1 — u?) for |u| < 1 and O otherwise, n
is the sample size, and / is the smoothing bandwidth.

a regular 10” RA—-Dec grid. An adaptive density threshold
derived from the KDE value distribution defines candidate
contaminated regions, after which connected regions smaller
than 30 grid pixels are discarded. The resulting binary mask
is then projected onto a HEALPix grid, recording whether
each HEALPix pixel is masked. This results into a binary
mask.

3.4. Sky emission masks

Following the models presented
in  Euclid Collaboration: Scaramella et al.  (2022), per-tile
masks of zodiacal light emission and Galactic extinction are
constructed for the Euclid bands.

— Galactic extinction: defines, for each sky position, the total
extinction in magnitudes for each of the Euclid bands, as de-
fined in equation 5 of Euclid Collaboration: Scaramella et al.
(2022). This is stored as a DpdHealpixInfoMapVMPZ prod-
uct with information map type GalacticExtinction.

Zodiacal light: gives, for each sky position, the zodia-
cal light flux for each Euclid band normalised by the ef-
fective wavelength of the band, F/A., as defined in ta-
ble 4 of Euclid Collaboration: Scaramella et al. (2022). This
is stored as a DpdHealpixInfoMapVMPZ product with infor-
mation map type ZodiacalLight.
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3.5. Star masks

The masks monitoring stellar density and flux across the sky are
presented here. They are built by the VMPZ_Star_Pipeline us-
ing the DpdExtGaiaCutout products, which contain a reduced
Gaia star catalogue for each tile. Only stars with a Gaia G-band
flux above zero and a valid parallax angle are considered.

— Star number density: represents the number density
of stars in each HEALPix pixel. This is stored as a
DpdHealpixInfoMapVMPZ product with information map
type StarNumberDensity.

— Mean star brightness: provides the mean flux of all stars
lying within a given HEALPix pixel. This is stored as a
DpdHealpixInfoMapVMPZ product with information map
type StarBrightnesslMean.

— Star brightness RMS: provides the RMS flux of all stars
lying within a given HEALPix pixel. This is stored as a
DpdHealpixInfoMapVMPZ product with information map
type StarBrightnessRms.

— Star brightness standard deviation: provides the standard de-
viation of the flux of all stars lying within a given HEALPix
pixel. this is stored as a DpdHealpixInfoMapVMPZ product
with information map type StarBrightnessStd.

Examples for most of the masks are given in Appendix A and
are discussed in Sect. 4.2.

4. EWS masks
4.1. Full survey masks

A subset of the DR1 EWS masks is shown in full-sky ortho-
graphic projection in Fig. 3, including the North (left hemi-
sphere) and South (right hemisphere) regions. The effective cov-
erage, presented in Fig. 3 (a), is crucial for scientific analyses
to account for variations in sky coverage. Overall, the effective
coverage is close to 1 (full coverage), except in regions around
stars and near the edges of the coverage (see Fig. 2), which ap-
pear as blue dots in the figure. This is also clearly illustrated in
Fig. 4, which displays the integrated coverage weighted area as a
function of minimum selected coverage. The expected total area
of the DR1 EWS is 2008.8 deg? (computed from the sum of the
area of the regions for which we have one VIS exposure), of
which 1642.4 deg? is preserved by the effective coverage mask.
This effective area is obtained by summing the WEIGHT val-
ues in the effective coverage mask, multiplied by the HEALPix
pixel area. Figure 3 also shows that the effective area for pixels
with effective coverage above 0.8 corresponds to about 99% of
the total effective area presented above. The orientation angles
of the Euclid satellite are shown in Fig. 3 (b), (c), and (d). As ex-
pected, they are all within survey specifications. Moreover, the
beta angle and the solar aspect angle are anti-correlated.

Figure 3 (e) shows that the VIS (/; band) integration time
is highly uniform across the survey, with only weak large-scale
variations. This uniformity is expected from the survey design,
such that most of the survey area is covered by 3- or 4-single-
dither exposure (Euclid Collaboration: Tereno et al. 2026). Ta-
ble 2 shows that the typical integration time values in the EWS
are about 2735 and 338 for the VIS and NISP instruments, re-
spectively. As a consequence, the VIS I; RMS noise and depth
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masks also show small spatial variations across the survey. Sim-
ilar conclusions can be drawn for the NISP bands. The left panel
of Fig. 5 shows that the noise decreases as expected with increas-
ing integration time. The 1D distribution of depth for the four
Euclid bands is shown in the middle panel of Fig. 5. The dis-
tributions have narrow, well-defined peaks, with median depth
values of 25.69, 24.14, 24.3, and 24.29 AB mag for the I, Y;,
Js and H; bands, respectively. The standard deviation is below
0.2 AB mag for all bands. A more detailed statistical description
of the EWS RMS noise and depth distributions is also given in
Table 2.

The EWS VIS PSF FWHM mask, which represents the VIS
PSF FWHM, is shown in Fig. 3 (h). A very uniform spatial dis-
tribution is again observed. Similar results are obtained for the
NISP bands. A statistical description of the 1D distribution of
the PSF FWHM for the VIS and NISP bands is also given in
Table 2. The median FWHM values are 072, 0”748, 0’/51, and
0756 for the I, Y, Ji, and H bands, respectively. The standard
deviation of the spatial variation is below 0701.

4.2. High-resolution view

Additional examples of the EWS masks are presented in Ap-
pendix A for observation Patch ID 4. Figure A.1 shows the
main survey masks, including the tile index, alpha angle, beta
angle, solar aspect angle, and integration time for the four Eu-
clid bands. The latter shows clear spatial patterns corresponding
mainly to longer integration time in the overlap regions between
adjacent tiles. These patterns are also reflected in the RMS noise
and depth maps, as shown in Fig. A.3. This figure also presents
the PSF FWHM, NIR PRMS, and persistence masks. The mea-
sured FWHM is larger in tile-overlap regions, where multiple
exposures are combined. The NIR PRMS mask also shows these
spatial variations with smaller NIR pointing RMS residuals in
the overlapping regions. The persistence mask additionally ex-
hibits tile-correlated structures, although they are less distinct
and more difficult to interpret.

Finally, Fig. A.4 presents the main sky emission masks, in-
cluding Galactic extinction, zodiacal light, star number density,
mean star brightness, star brightness RMS, and star brightness
standard deviation. Regions with larger stellar number density
and mean brightness correspond to regions flagged on the effec-
tive coverage mask presented in Fig. A.3. This figure also shows
the expected correlation between persistence and bright-star po-
sitions.

5. EDF masks

Figure 6 presents examples of the main VMPZ-ID photomet-
ric masks in the EDF-F (left panel), EDF-N, (middle panel),
and EDF-S (right panel). The effective coverage masks clearly
show fully masked regions (dark blue in the figure) due to star
contamination, as discussed in previous sections. The integrated
coverage weighted area is shown in the top panels of Fig. 7
for the three EDFs. Following the discussion in Sect. 4.1, the
total (effective) observed area is 13.2 (11.8), 28.5 (21.1), and
33.0 (27.9)deg? for the EDF-F, EDF-N, and EDF-S, respec-
tively. Thus, the effective coverage mask preserves 89.3, 74.0,
and 84.5% of this area. Furthermore, 75, 72, and 92% of the pre-
served regions have effective coverage greater than 0.8.

Figure 6 also shows that the [; integration time has small
spatial variations for EDF-N and EDF-S, while more significant
structure is observed for EDF-F. This can be explained by the
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Fig. 3. DR1 EWS, full-sky orthographic projections of a selection of the VMPZ-ID masks including: (a) effective coverage; (b) solar aspect angle;
(c) alpha angle; (d) beta angle; (e) VIS integration time; (f) VIS RMS noise; (g) VIS depth; and (h) VIS PSF FWHM.
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Table 2. DR1 EWS mean, median, standard deviation, and percentiles of the distributions of integration time, RMS noise, depth, and PSF FWHM

for the four Euclid bands.

Band Quantity Mean Median Std Q16 (% 075 QOga IQR“
Exposures [s] 2735 2421 922 1861 2332 3071 3632 740

Iy Noise [ADU] 0.003882 0.003716 0.001423 0.003238 0.003421 0.004085 0.004239 0.0006632
Depth [AB mag] 25.68 25.69 0.224 25.56 25.59 25.78 25.84 0.186

PSF FWHM [arcsec] 0.2029 0.2028 0.004051 0.1991 0.2004 0.2053 0.2066 0.004964
Exposures [s] 338 349 117 262 262 349 436 87

Ye Noise [ADU] 2.089 2.077 0.4039 1.794 1.867 2.253 2.333 0.3855
Depth [AB mag] 24.15 24.14 0.1699 24.01 24.05 24.25 24.3 0.2038

PSF FWHM [arcsec] 0.4879 0.4883 0.01016 0.4791 0.4825 0.4939 0.4968 0.01142
Exposures [s] 338 349 118 262 262 349 436 87

Ji Noise [ADU] 2.393 2.379 0.4584 2.057 2.139 2.574 2.67 0.4349
Depth [AB mag] 24.3 24.29 0.1717 24.16 24.2 24.41 24.45 0.2009

PSF FWHM [arcsec] 0.5138 0.5143 0.01071 0.5045 0.5081 0.5201 0.5232 0.01206
Exposures [s] 339 349 117 262 262 349 436 87

H: Noise [ADU] 2.194 2.183 0.4215 1.887 1.963 2.364 2.45 0.4013
Depth [AB mag] 24.29 24.28 0.1704 24.16 24.2 24.4 24.44 0.202

PSF FWHM [arcsec] 0.5589 0.5593 0.009184 0.5512 0.5542 0.5642 0.5666 0.009917

Notes. @ Interquartile range = Q75 — Qos.

2000 T T T T T T

1800 -

1600~

1400~

[ Effective Coverage, Ac-o=1642.4 deg2
Ie Coverage, Ar=o=1964.1 c!eg2

Preserved area, Ac=c,,, [deg?]

1200 [ Ye Coverage, Acso = 1901.3 deg? -
[ Je Coverage, Ac.o=1871.7 deg?
[ He Coverage, Ac.o=1884.4 deg2
1000 L L L .
0.0 0.2 0.4 0.6 0.8 1.0

Minimum coverage, Cmin

Fig. 4. For DR1 EWS, the integrated coverage weighted area Ac.c,, for
HEALPix pixels with coverage above a given minimum value, Cy;,. This
is shown for the effective coverage mask and the individual coverage
masks for the four Euclid bands. We recall that the effective coverage
also includes the EXT data.

significantly larger number of exposures and multiple exposure
angles in EDF-N and EDF-S compared with EDF-F. A similar
behaviour is observed for the I; and H depth masks. This is also
visible in the bottom panel of Fig. 7, where the 1D depth distri-
butions are shown for the four Euclid bands and the three EDFs.
A detailed statistical description of these distributions is given in
Tables B.1, B.2, and B.3. The median /;; depth (integration time)
values in AB mag (seconds) are 25.93 (4842), 26.91 (25 330),
and 26.85 (23 560) for EDF-F, EDF-N, and EDF-S, respectively.
These values are consistent with the corresponding numbers of
visits, namely 2, 11, and 10 (Euclid Collaboration: Tereno et al.
2026).

6. Summary and conclusions

In this paper, a series of photometric masks has been presented
in the form of HEALPix maps at a resolution of Ngg. = 16384
for each tile of the DR1 EWS and EDS. These masks were built
using the OU-LE3 VMPZ-ID PF and pipelines within the Eu-
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clid SGS. They represent spatial variations in the observational
properties across the DR1 survey (integration time and satellite
position angles), the instrumental properties for the Euclid and
EXT bands (coverage, instrumental noise and depth, PSF width,
systematic flags, NIR persistence, and astrometric uncertainties),
foreground sky emission (Galactic extinction and zodiacal light),
and the stellar distribution (star number density and star flux
properties).

A mask representing the overall effective coverage of DR1
and combining information from the Euclid and EXT bands is
also provided. This mask also accounts for bright-star contam-
ination, including diffraction spikes and bleeding effects in the
Euclid and EXT images. Overall, the effective coverage mask
reduces the available area by 18.1% in the DR1 EWS and by 11
to 26% in the EDFs. Nevertheless, the effective coverage mask
should be used to avoid spurious objects and artefacts in the data
when selecting Euclid DR1 photometric galaxy samples for sci-
entific analyses.

The instrumental performance in the VIS and NISP photo-
metric bands is very stable across the survey. Spatial variations
in instrumental RMS roise are strongly correlated with integra-
tion time, as expected. For the DR1 EWS, the standard deviation
of depth (for a 2 aperture) is below 0.2 AB mag, with median
values of 25.69, 24.14, 24.3, and 24.29 for the I, Yy, J:, and Hy
bands, respectively. Furthermore, the spatial standard deviations
of the PSF FWHM are of the order of 0”701, with median values
of 072, 0”748, 0’/51, and 0756 for the I, Yg, J:, and H; bands,
respectively. At small angular scales, however, some structured
patterns in integration time are observed.

For the DR1 EDS, multiple visits at different observation
angles tend to smooth out spatial variations in the instrumental
properties, particularly in EDF-N and EDF-S. Median depth val-
ues of 26.91, 25.30, 25.44, and 25.45 are achieved for the I, Y,
Js, and Hg bands, respectively. The standard deviation of depth
is below 0.16, 0.44, and 0.40 AB mag for EDF-F, EDF-N, and
EDF-S, respectively.

The VMPZ-ID photometric masks will be particularly rele-
vant for forthcoming Euclid photometric astrophysical and cos-
mological analyses. They will be key for monitoring and cor-
recting potential systematic spatial variations in galaxy number
density, which could otherwise bias important derived quantities,
such as cosmological parameter estimates.
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Fig. 5. For DR1 EWS, the panels show, from left to right: the VIS RMS noise as a function of integration time, fitted with o(f) = VA e/t + B,
where A is the exposure-dependent variance at the reference integration time f.; and B is the exposure-independent term, with R? denoting the
coeflicient of determination of the fit; and the 1D distributions of depth and PSF FWHM for the four Euclid bands.
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Appendix A: Zoom-in on the DR1 EWS masks
Examples of the DR1 EWS masks are presented here for observation Patch ID 4, in Figs. A.1, A.2, A.3, and A 4.
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Fig. A.3. Examples of instrumental-property masks for the DR1 EWS Patch ID 4. From top to bottom, the panels show the RMS noise, depth, and
PSF FWHM for the I, Yg, Jg, and Hg bands, followed by the NIR PRMS and persistence masks for the NIR bands.
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Fig. A.4. Examples of sky-emission and stellar-property masks for the DR1 EWS Patch ID 4. From left to right and from top to bottom, the panels
show Galactic extinction, zodiacal light, star number density, mean star brightness, star brightness RMS, and star brightness standard deviation.
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Appendix B: Photometric and instrumental properties of the Euclid Deep Fields
Tables B.1, B.2, and B.3 present statistical information for the EDFs.

Table B.1. For DR1 EDF-F, the mean, median, standard deviation (Std), percentiles (Q16, Q2s, Q75, and Qgs), and IQR of the distributions of
integration time, RMS Noise, depth, and PSF FWHM for the four Euclid bands.

Band Quantity Mean Median Std Q16 0O»s 075 Oga IQR
Exposures [s] 4642 4842 1070 4103 4192 5403 5492 1211

I Noise [ADU] 0.003197 0.003033 0.0008102 0.002836 0.002918 0.003204 0.003328 0.0002856
Depth [AB mag] 25.89 25.93 0.1783 25.83 25.87 25.97 26 0.1014

PSF FWHM [arcsec] 0.2035 0.2033 0.004154 0.1994 0.2005 0.2064 0.2077 0.005833
Exposures [s] 582.5 610.7 134.7 523.5 523.5 698 698 174.5

Y Noise [ADU] 1.74 1.675 0.3142 1.529 1.583 1.78 1.88 0.1968
Depth [AB mag] 24.34 24.37 0.159 24.25 24.31 24.43 24.47 0.1272

PSF FWHM [arcsec] 0.4896 0.4899 0.007884 0.4828 0.4853 0.4942 0.4965 0.008924
Exposures [s] 579.4 610.7 135.3 523.5 523.5 698 698 174.5

Ji Noise [ADU] 2.017 1.939 0.3633 1.768 1.835 2.072 2.178 0.2366
Depth [AB mag] 24.48 24.51 0.1596 24.39 24.44 24.57 24.61 0.1317

PSF FWHM [arcsec] 0.5155 0.5158 0.008394 0.5083 0.511 0.5205 0.5229 0.009538
Exposures [s] 570.3 610.7 144.1 436.2 523.5 698 698 174.5

Hg Noise [ADU] 1.864 1.776 0.3511 1.618 1.679 1.928 2.044 0.2489
Depth [AB mag] 24.47 24.51 0.1694 24.35 24.42 24.57 24.61 0.1501

PSF FWHM [arcsec] 0.5602 0.5606 0.00712 0.5543 0.5565 0.5644 0.5664 0.007904

Table B.2. As Table B.1 for DR1 EDF-N.

Band Quantity Mean Median Std O (% 075 Qg IQR
Exposures [s] 21373 25332 8888 8092 17687 27282 28111 9595
I Noise [ADU] 0.001635 0.001221 0.001115 0.001162 0.001176 0.001454 0.002123 0.0002775
Depth [AB mag] 26.72 2691 0.4366 26.31 26.72 26.95 26.97 0.23
PSF FWHM [arcsec] 0.2033 0.2032 0.002332 0.2016 0.2021 0.2043 0.2049 0.002179
Exposures [s] 2565 2966 1048 1047 2268 3228 3315 960
Ye Noise [ADU] 0.92 0.7123 0.8847 0.6729 0.684 0.8261 1.202 0.1421
Depth [AB mag] 25.12 253 0.402 24.73 25.14 25.34 25.36 0.205
PSF FWHM [arcsec] 0.4918 0.4924 0.005346 0.4888 0.4902 0.4944 0.4954 0.004196
Exposures [s] 2490 2966 1006 960 2181 3141 3228 960
Je Noise [ADU] 1.055 0.8213 1.07 0.7784 0.7898 0.9519 1.372 0.1621
Depth [AB mag] 25.27 25.44 0.3952 24.89 25.28 25.49 25.5 0.2026
PSF FWHM [arcsec] 0.5181 0.5186 0.005552 0.5149 0.5163 0.5207 0.5218 0.004441
Exposures [s] 2554 2966 1044 1047 2181 3228 3315 1047
H; Noise [ADU] 0.9624 0.7467 0.8437 0.705 0.7167 0.8694 1.257 0.1528
Depth [AB mag] 25.27 25.45 0.401 24.88 25.28 25.49 25.51 0.2098
PSF FWHM [arcsec] 0.5631 0.5637 0.004943 0.5605 0.5618 0.5655 0.5664 0.003773
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Table B.3. As Table B.1 for DR1 EDF-S.

Band Quantity Mean Median Std O 05 075 Qg4 IQR
Exposures [s] 20275 23561 7669 10245 18 898 25040 25714 6142

I Noise [ADU] 0.00168 0.001296 0.001154 0.001246 0.00126 0.001451 0.001962 0.0001915
Depth [AB mag] 26.68 26.85 0.4079 26.4 26.73 26.88 26.89 0.1537

PSF FWHM [arcsec] 0.2035 0.2034 0.002228 0.2019 0.2024 0.2044 0.205 0.002045
Exposures [s] 2505 2879 947 1221 2356 3141 3228 785

Ye Noise [ADU] 0.9221 0.7313 0.932 0.6972 0.7065 0.8173 1.099 0.1109
Depth [AB mag] 25.11 25.27 0.3784 24.83 25.15 25.31 25.32 0.1583

PSF FWHM [arcsec] 0.4916 0.4921 0.005175 0.4887 0.49 0.4941 0.4951 0.004157
Exposures [s] 2514 2966 953 1221 2356 3141 3228 785

Je Noise [ADU] 1.048 0.8318 0.9247 0.7931 0.8035 0.9321 1.253 0.1286
Depth [AB mag] 25.27 25.43 0.378 24.99 25.31 25.47 25.48 0.1612

PSF FWHM [arcsec] 0.5177 0.5182 0.005378 0.5146 0.5159 0.5203 0.5214 0.004376
Exposures [s] 2511 2966 952.7 1221 2268 3141 3228 872

H; Noise [ADU] 0.9673 0.7651 1.208 0.7291 0.7388 0.8596 1.155 0.1209
Depth [AB mag] 25.26 25.42 0.3795 24.97 25.3 25.46 25.47 0.1645

PSF FWHM [arcsec] 0.5629 0.5634 0.00469 0.5603 0.5615 0.5652 0.5661 0.003726
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