Astronomy & Astrophysics manuscript no. output
November 12, 2026

©ESO 2026

Euclid Data Release 1 (DR1)
The Euclid surveys at DR1

Euclid Collaboration: I. Tereno, J. Dinis, X. Dupac, R. Scaramella, B. Altieri, H. Aussel, I. Baldry, P. Battaglia, et al.

(Full author list and affiliations details can be found after the references)
November 12, 2026

ABSTRACT

Euclid is a surveying mission that is progressively imaging and spectroscopically mapping a wide area of extragalactic sky in visible and near
infrared bands. The Euclid mission is, however, not restricted to the Euclid Wide Survey, but it includes data from various other survey components.
This paper presents the Data Release 1 (DR1) status of the multiple Euclid surveys and fields, including the Euclid Deep Survey, Euclid Auxiliary
Fields, calibration fields, the Euclid Medium-Deep Survey, the Euclid Ecliptic Survey, and the Independent Legacy Scientists’ field, in addition to
the Euclid Wide Survey. Some of these fields were observed during the initial Performance-Verification phase, others during the Phase-Diversity
calibration campaign, and the majority during the subsequent science operations phase. This paper describes the different procedures of survey
implementation applied in the various phases of the mission, from the set of requirements, constraints, and limitations, to the final operational
products used to operate the spacecraft and execute the science surveys. The resulting main component of the Euclid surveys, the Euclid Wide
Survey, covers at DRI an area of 2100 deg?, in two separate regions, of which 1900 deg” corresponds to data validated in higher-level processing.
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1. Introduction

Euclid (Euclid Collaboration: Mellier et al. 2025) is a survey
mission. One of its fundamental requirements is to carry out the
Euclid Wide Survey (EWS) to conduct its two primary scien-
tific experiments, galaxy clustering and weak gravitational lens-
ing, covering at least 14 000 deg” of the extragalactic sky. EWS
observations started on 14 February 2024 and will continue un-
til the nominal end of the mission on 31 December 2029. At
the same time, Euclid also performs the Euclid Deep Survey
(EDS), consisting of repeated observations of the three Euclid
Deep Fields (EDFs), namely the North (EDF-N), South (EDF-
S) and Fornax (EDF-F) fields. The EDS will accumulate greater
depth than that of the EWS, up to a gain of about 2 magni-
tudes. It also observes six so-called auxiliary fields, supporting
instrument calibration and characterising the source population,
and acquires data on specific fields at specific cadences to per-
form calibration activities necessary to process and analyse the
EWS data. The observations of these four components of the
Euclid survey, namely the EWS, the EDS, the Euclid Auxiliary
Fields (EAFs), and calibrations, are scheduled in a time-ordered
sequence of pointings and spacecraft slews, known as a reference
survey definition (RSD).

The Euclid survey is however not restricted to the RSD com-
ponents. During the period of 7.5 months between launch on 1
July 2023 and the start of the RSD execution, other observations
were made over 3 phases, namely the spacecraft commissioning,
the performance-verification (PV) phase, and the phase-diversity
calibration (PDC) campaign. The commissioning of the Euclid
spacecraft was completed on 4 August 2023. It was followed
by the PV phase (Euclid Collaboration: Schirmer et al. 2026a)
that lasted until the beginning of December 2023, longer than
originally planned to include investigation, testing, and valida-
tion activities associated with spacecraft anomalies detected dur-

ing commissioning (Laureijs et al. 2024). The PDC campaign,
started on 3 December 2023, is a first component of the strategy
to build and calibrate a point-spread function (PSF) model (Eu-
clid Collaboration: Miller et al. in prep.), and data were required
to be taken under very stable thermal conditions. It was there-
fore necessary to allocate thermal stabilisation periods during
which the telescope kept a fixed solar attitude. Three scientific
filler programmes were executed during these periods to make
the best possible use of Euclid time. These observations resulted
in three additional Euclid surveys, namely the Euclid Medium-
Deep survey, the Independent Legacy Scientist (ILS) field, and
the Euclid ecliptic survey.

The first data release (DR1) of the Euclid mission contains
data from the following six survey components, or ‘Euclid sur-
veys’, with data acquired over three periods (PV, PDC, RSD).

Euclid Wide Survey (RSD);

Euclid Deep Survey (RSD, PV);
Euclid Auxiliary fields (RSD, PV);
Calibration fields (RSD, PV, PDC);
PV science fields (PV);

PDC surveys (PDC).

The contents of DR1 (Euclid Data Release 1 2026) are de-
fined in a memo' approved by the Euclid Science Team (EST)
and are detailed in the DR1 overview paper (Euclid Collabora-
tion: Aussel et al. 2026b). DR1 includes all complete Level 1
(LE1) data acquired since launch until 21 May 2025. Complete
LE1 data are Euclid raw data generated by ESA’s Euclid Science
Operations Centre (SOC) and ingested in the Data Processing
System. LE1 products are fully processed into Level 2 (LE2)

! https://www.cosmos.esa.int/documents/
10647/12245842/DR1-memo_260922.pdf/
3d879dc6-d5e0-9125-54a7-£68d1b4971d87t=1790090418174
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products by the various Science Ground Segment (SGS) pro-
cessing functions (PF) of the Euclid Consortium, as described in
the SGS overview paper (Euclid Collaboration: Ruffenach et al.
2026) and in the PF-specific DR1 processing papers describing
VIS (Euclid Collaboration: McCracken et al. 2026), NIR (Eu-
clid Collaboration: Polenta et al. 2026), EXT (Euclid Collabo-
ration: Corcho-Caballero et al. 2026), MER (Euclid Collabora-
tion: Kiimmel et al. 2026), SIR (Euclid Collaboration: Scodeg-
gio et al. 2026), SPE (Euclid Collaboration: Le Brun et al. 2026)
and PHZ (Euclid Collaboration: Hartley et al. 2026). We note
that not all scheduled observations were successfully executed
or correspond to complete LE1 data products, and not all LE1
data originated valid and complete LE2 products. There is thus a
reduction in coverage from scheduled observations to LE1 data,
and from LE1 to LE2 data. These differences will be mentioned
throughout the paper when appropriate.

For completeness, it is relevant to mention that there is one
additional component of the Euclid survey that is not part of DR1
or described in this paper. It is the Euclid Galactic Bulge Sur-
vey (EGBS) performed on 23 and 24 March 2025, which forms
the content of the Quick Data Release 2 (Q2) and is presented
in Beaulieu et al. (2026). On the other hand, the Quick Data Re-
lease 1 (Q1) data, consisting of one visit to each of the EDFs, are
included in DR1, as are the data from the 17 fields observed in
the PV phase for the six science programmes (Cuillandre et al.
2025) that were the subject of Euclid ’s Early Release Obser-
vations (ERO) data release. We also note that data from Com-
missioning are not part of DR1 because they lack the metadata
required to generate LE1 complete data products.

The RSD is computed with the dedicated ECTile software
by the survey operations support team (SOST), a Euclid Con-
sortium group created for the mission’s operations phase that
inherited the responsibilities of the ECSURV group that was
active during the mission’s development phase. In the develop-
ment phase, prior to launch, a large number of RSDs were pro-
duced to evaluate survey scenarios and implementation strate-
gies, against the mission requirements. During operations, the
survey is re-planned a few times per year, with the computation
of a new RSD. The RSDs follow a naming convention consist-
ing of the year its first new observations are executed and an
alphabetical sequence that runs through each calendar year. Eu-
clid’s DR1 RSD data were acquired with observations scheduled
in RSDs 2024A, 2024B, 2024C, and 2025A. Each RSD is al-
ways computed from the starting date of 14 February 2024 to
the nominal end of the mission, with each version being a copy
of the previous one up to a restart point; therefore RSD 2025A
contains the relevant information for DRI1.

The RSD is delivered to Euclid’s SOC that generates the op-
erational sky survey (OSS) and the operational products required
for the execution of the survey by Euclid’s Mission Operations
Centre (MOC). In the other phases of operations, the PV phase
and the PDC campaign, the scheduling was built by SOC us-
ing a different set of tools, and a manual assembly of calibration
blocks.

This paper proceeds in Sect. 2 with a presentation of the
process of RSD computation with the ECTile software, de-
scribing relevant inputs and constraints and addressing optimi-
sation strategies and re-planning methods. The resulting DR1
RSD 2025A scheduled survey properties of the EWS, EAFs,
EDFs, and calibration fields are presented in Sect. 3, where we
also detail deviations of the DR1 content from the scheduled one.
Section 4 describes the SOC procedures to generate an OSS from
the RSD and the production of the operational products sent to
Euclid’s MOC for the execution of the survey. The implementa-
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tion of the PV phase observations and a list of the resulting PV
fields is presented in Sect. 5. The PDC campaign is addressed
in Sect. 6, with a description of the resulting calibration fields
and of the three surveys performed during its thermal stabilisa-
tion periods. We conclude in Sect. 7 with a summary table of the
DRI1 Euclid surveys and a full-sky map showing their locations.
The appendices include exposure maps of the DR1 observations
of the EDFs, EAFs, main calibration fields, and PDC surveys. A
list of acronyms used in the paper with a glossary of terms is also
provided in the Appendix.

2. RSD computation

The RSD is built using the ECTile software. ECTile contains a
set of tools developed to design, implement and analyse Euclid
surveys. The tools relevant for the present description are three:
plan, wide, and surv. The computation of an RSD is carried out
in three stages (Euclid Collaboration: Scaramella et al. 2022). In
a preparatory Stage 0, a set of input parameters is defined. After
that, in Stage 1, a skeleton of the schedule of the observations of
the calibration fields, EDFs, and EAFs is manually set and their
exact observing dates are computed by ECTile. The locations of
the EDFs and EAFs were carefully selected before launch Eu-
clid Collaboration: Mellier et al. (2025). The number of visits,
i.e., the number of passes over the full field, needed to reach the
required depth depends on the zodiacal background at its eclip-
tic latitude (Euclid Collaboration: Scaramella et al. 2022). The
core of the procedure is Stage 2, where the EWS is computed in
a predefined tessellation.

2.1. RSD observing sequences

Each EWS, EDF, and EAF observation is made with the Eu-
clid reference observing sequence (ROS), depicted in Fig. 1, and
contains four dithered pointings (usually called ‘dithers’). Euclid
performs, in each dither, a VIS exposure (Euclid Collaboration:
Cropper et al. 2025) in parallel with Near-Infrared Spectrome-
ter and Photometer (NISP) spectroscopy (Euclid Collaboration:
Jahnke et al. 2025) and proceeds with a sequence of observa-
tions in the three NISP photometric bands. In each dither, the
spectroscopic exposure is taken with a different rotation of one
of the two red grisms (RGSs), RGS000 and RGS180. The first
and second dithers also include a Visible instrument (VIS) short
science exposure during the NISP Y;-band observation. Prior to
each NISP observation, the filter wheel (FWA) or grism wheel
(GWA) assemblies are actuated and time is allocated for stabil-
isation at the end of the movement. In the second, third, and
fourth pointings, the first activation of the wheels is done during
the dither slew, allowing for a larger stabilisation time than in the
first pointing. The last dither is longer, ending with a NISP dark
exposure taken during the slew to the next field. The third and
fourth dithers contain time allocated for VIS inline calibrations,
both during NISP observations and during the final field slew.
These calibrations are implemented as a fixed sequence over a
20-ROS block, consisting of alternating darks and biases (in the
third dither), and alternating flats, charge injection, and vertical
trap pumping (in the fourth dither). In a 20-ROS block, six are
allocated for flats, six for vertical trap pumping, and eight for
charge injection. Each of these calibration types then cycles over
different parameter settings over a longer baseline, such that a
coherent set of calibration products is generated over approxi-
mately 30 days of ROS execution. The parameter settings and
the calibration types are scheduled in a way that similar cases
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Fig. 1. ROS overview. Each of the four panels shows the timelines of the VIS and NISP activities that are carried out during one dither. VIS
exposures are shown in green and NISP ones in shades of red. The times given for filter wheel (FWA) and grism wheel (GWA) include stabilisation
times. The times given in VIS boxes include overheads such as shutter motion, flush, and surface inversion. Dashed boxes cycle through the various
VIS inline calibrations indicated. Yellow indicate that the activities are performed during slews. The final box labelled ‘Wait* has a variable time,
depending on the duration of the slew to the next field. Readout, data compression and transfer activities are not included in the figure.

are spread out over the 30 days, to be resilient against the loss of
consecutive observations.

The duration of the first three dithers is 996 s, excluding the
20 s lead time and the 70 s dither slews, while the fourth dither
is 1006 s long. The ROS thus lasts 4204 s, excluding lead time,
dither slews and the final field slew that has a minimum dura-
tion of 170s. This implies that Euclid makes roughly 19 ROS
observations per day.

Besides the ROS, there is also a ‘ROS-blue’ variant, where
the blue grism (BGS), BGS000 is used in all four dithers and
always in the nominal position. This variant is used in some of
the visits to the EDFs and EAFs.

Calibration observations are made with special non-ROS
sequences defined (see Euclid Collaboration: Schirmer et al.
2026a) in Euclid’s Calibration Framework (CalF). Those se-
quences are in general very different from the ROS, one excep-
tion being the ROS-D1 sequence that consists of the first dither
of the ROS.

2.2. Stage 0: Configuration file

A long set of input parameters describing system constraints, tar-
gets properties, and survey optimisation strategy is defined in the
configuration file ectile.cfg. The main inputs are the follow-
ing.
— RSD start date and duration.
— Orbit file: Euclid’s orbit around L2 provided by the SOC.
The orbit, i.e., the set of future positions of the Euclid
satellite, is regularly updated as the orbit drifts and station-

keeping maneuvers are performed.
— Slew thresholds and durations: there are three different types

of slews (dither, field, and large) depending on the total rota-
tion executed between two pointings. The total rotation, also

known as ‘eigen-slew’ includes the angular distance between
the pointings and the change of telescope attitude from the
initial to the final position. The threshold values from dither
to field slews and from field to large slews are 130”’0 and
3°5, respectively, with the caveat that for specific calibrations
field slews are allowed to be as small as 7370. The duration
of a dither slew is 70s, the field slews duration vary from
170s to 283 s and the duration of a large slew varies from
5.8 minutes to around 34 minutes for eigen-slews of 180°.
Dither pattern: the geometry of the ROS follows the shape of
an ‘S’, with defined angular step sizes (Euclid Collaboration:
Scaramella et al. 2022) and a 180° symmetry to ensure the
same footprint whether an observation is made looking for-
ward or backwards with respect to the direction of the orbital
movement.

Pointing constraints: spacecraft manoeuvrability is condi-
tioned by two parameters, azimuth or a angle (AA) and Solar
aspect angle (SAA). For a given time of observation, these
two angles uniquely define the spacecraft attitude. Roughly,
AA defines a rotation around the telescope boresight and
SAA defines the angle between the telescope boresight and
the Sun. Euclid is allowed to point away from the transit
meridian by tilting up to 3° towards the Sun and up to 30°
away from the Sun, maximising thermo-optical stability; that
is, the SAA range is restricted to [87°,120°]. The AA is
restricted to the asymmetric range [-2°9, —8?5], only con-
taining negative values, which is a significant reduction of
the originally intended configuration. This modification is
needed to mitigate solar stray light found during commis-
sioning; its impact on the survey is appreciable, leading to a
redesign of the survey strategy, as discussed in Euclid Col-
laboration: Mellier et al. (2025, see also the tessellation item
below).
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— Region of Interest (Rol): the EWS is implemented within
a region of interest (Rol), defined by the intersection of
threshold lines of three sky backgrounds, namely zodiacal
light, Galactic extinction, and stellar density. There are a
few custom-made carvings on the thresholds to exclude the
vicinity of the Galactic bulge, the Large Magellanic Cloud
(LMC), the Taurus/Orion clouds, and a circle of 10° radius
around the northern equatorial pole that is out of reach of
the complementary ground-based telescopes. The Rol must
ensure that the required average signal-to-noise ratios are
achieved in all Euclid bands. The current Euclid Rol, intro-
duced for RSD 2023 A, has an area of 16 200 deg2 distributed
in four quadrants (in the shape of two large regions known as
the ‘mainlands’ and two small regions dubbed the ‘islands’).

— Field of view (FoV): the geometries of the FoVs of the VIS
and NISP are off-centred and do not intersect each other
completely, leaving a NISP gap (Euclid Collaboration: Mel-
lier et al. 2025). The angular extent of both FoVs and their
corresponding physical dimensions in the focal plane, in-
cluding the total size of their sensors (i.e, the mosaic of de-
tectors), the size of the detectors (CCDs), and the size of
the inter-detector gaps, are combined to compute a spherical
rectangle observing the common FoV (rectangular area ob-
served by both instruments). The common FoV has an area
of 0.525 deg”.

— Tessellation: the tessellation covers the Rol with tiles, small
latitude-longitude rectangles, forming one compact covering
per quadrant, leaving holes only in the bright stars exclusion
regions. Each tile is sized to be fully observed by a FoV.
For this, the tile is constructed to be larger than the common
FoV, including the NISP angular gap sizes and a safety mar-
gin slightly larger than the absolute pointing error. The tile
has an area of 0.551 deg®. Due to the convergence towards
the poles, the number of tiles per row decreases with lati-
tude, and moreover they start to acquire some overlap. The
natural overlap of the tessellation is around 4 %. One ROS
observation of the EWS corresponds to placing the VIS and
NISP FoVs on one tile of the tessellated sky and moving it
along the dither S-pattern. However, the modified AA range
introduced to avoid stray light forces us to observe with the
telescope rotated from its natural position of AA = 0°, re-
sulting in a FoV on the sky with a different orientation than
the underlying tile. From a given observing position in the
orbit, there is only a very reduced area of the sky where an
AA counter-rotation can be applied within the allowed range
to align the FoV with the tessellation, making it impossible
to build a survey (Sect. 2.4). The solution found to solve this
potential show-stopper was to accept tilted observations up
to a specified threshold, as a new survey strategy. The max-
imum misalignment tolerated between tile and FoV position
angles is a compromise between visibility and field-to-field
overlap. We thus redesigned the tessellation to allow for a
maximum FoV-tile misalignment of 3°5. The main impact in
the tessellation is that the tiles need to be placed closer to-
gether to avoid gaps due to the tilt. Through an analysis of
the number of counts at pixel level, we determined the op-
timal distance between the centres of the tessellation tiles.
The resulting tessellation has a mean tile overlap of 14 %,
a significant increase from the original 4 %, which causes a
significant decrease in surveying efficiency and therefore in
the total area at the nominal end of the mission (although
it also means that the data are generally a little deeper than
planned). This tessellation was first used in RSD 2024A.
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— Polar caps: due to the tessellation convergence at the ecliptic
poles, high-latitude tiles cannot be observed in a way that is
compliant with the pointing constraints. Local tessellations
are thus introduced in the polar caps, defined by the two
thresholding ecliptic latitudes of +77°8. The two polar caps
are covered with 22 sectors, each with its own local tessella-
tion.

— Bright stars avoidance: a catalogue of stars brighter than
4 AB magnitudes in any of the Euclid photometric bands,
together with exclusion radii to be applied to avoid harming
the detectors, and information on proper motions.

— Planet avoidance: observations must avoid pointing too close
to the outer planets. Angular avoidance radii are specified in
the mission requirements.

— Observing timings: defined for all elements of each observ-
ing sequence, including the ROS and special sequences for
calibration fields.

— Targets table: including, for each field, the location, position
angle, pattern geometry, number of visits, type of pointing
smearing applied between visits, ratio of blue/red grism vis-
its and observing sequence.

— Scheduling optimisation: several parameters controlling var-
ious aspects of the scheduling, such as patch margins, Rol
clipping, quadrant corners, or patch selector, can be defined
(these parameters will be described in Sect. 2.4).

— Ground-based surveys: the footprints of the surveys provid-
ing Euclid DR1 complementary data, which are the Dark En-
ergy Survey (DES) in the southern sky (Abbott et al. 2021)
and the Ultraviolet Near-Infrared Optical Northern Survey
(UNIONS) in the north (Gwyn et al. 2025).

— Special operations (SOPS): periodic interruptions of the sur-
vey observations are scheduled to enable non-survey oper-
ational activities, such as orbit adjustment, reaction-wheel
momentum offloading, or instrument maintenance. SOPS
used to require 12 hours, but in RSD 2025A, applicable to
DR1, the duration was reduced to a 6 hour time-slot for
SOPS every 4 weeks on Mondays at 12:00 UTC (within a
margin of 2h). More recently, the cadence decreased and
RSD 2026A schedules the SOPS 6 hour interruptions only
every 8 weeks on Wednesdays at 15hUTC (with a —2h,
+11 h margin).

2.3. Stage 1: Scheduling targets

The next step in computing a reference survey is to design a
schedule for all observations that are not part of the regular EWS.
These include all the EDF and EAF observations, all of the cali-
brations with the exception of the PSF block defined below, and
all the polar cap sectors. The detailed description of the process
given in Euclid Collaboration: Scaramella et al. (2022) is still
valid, with the caveat that there have been a few modifications
in calibration specifications and the introduction of new calibra-
tions.

The complete overview of the DRI calibrations is given
in Euclid Collaboration: Schirmer et al. (2026a). It contains
13 calibration observation blocks, labelled CALBLOCK-F-001
and 007 through 018. Each calibration block fulfills various
calibration products for one or both instruments. F-001 (self-
calibration) is observed with a single-dither ROS (ROS-D1),
while the others are observed with special sequences. Observa-
tions with similar cadence requirements are scheduled together,
forming monthly blocks (F-001, F-018, F-007), biannual blocks
(F-009, F-016, F-011), and PSF blocks (F-012, F-015, F-013, F-
008). CALBLOCK-F-002 through F-006 are reserved for ROS
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Fig. 2. Schematic representation of the ECTile pipeline for comput-
ing an RSD, showing the main tools and files. The configuration file
and input data needed in Stage 1 and Stage 2 are shown in the left.
The procedure flows with the green arrows. An ECTile tool named in
green next to an arrow is applied to an input file, and uses informa-
tion from the configuration and data files connected with black lines to
produce an output. Output binary files are shown in yellow and output
plots in white. A red arrow indicates that the output is manually con-
structed using information of the previous file and not automatically
computed by an ECTile tool. Blue boxes are the five core input files
that are manually modified by the mission planner and are the stepping
stones of the RSD computation. The orange arrows indicate the optimi-
sation loop: the monitoring on-screen of the step by step computation
of the RSD guides the mission planner in the manual modification of
the files plan.d and wide-plan.d. At the end of the process, the final
RSD file is generated in Extensible Markup Language (XML) format
(brown box). See text for a description.

observations: F-002 for EDFs, F-003 for the completeness and
purity calibrations (CPCs) are made with observations in the
EDF-N and EDF-S at fixed cadences to obtain a range of ob-
serving directions for the spectroscopic data; F-004 and 005 for
observations of the EAFs used, respectively, for colour gradient
and photometric redshift calibrations; and F-006 for the EWS.

Stage 1 is a process that is mostly manual and is done in
two steps. Summarising the description of Euclid Collabora-
tion: Scaramella et al. (2022) and referring also to Fig. 2, in the
first step composite targets are assembled by combining one or
more targets. The list of composite targets is stored in the file
targets.d. The composite targets defined in this file form the
set of all possibilities that will be available for scheduling and
their definition is an optimisation choice. The ECTile tool plan
computes a visual chart (targets.eps) of the visibility win-
dow of each composite target given as an interval of the Sun’s
ecliptic longitude, showing also the duration of each observation
within the interval. From this information the mission planner
moves to the second step, manually constructing an observing
plan (plan.d), known as the calibration plan, by placing each
composite target in six ordered sequences (one per year) ac-
cording to the Sun’s longitude of their visibility windows. As
an optimisation strategy, various composite targets are grouped
together in a block to be observed back to back. In this case, one
of the targets is assigned the role of anchor and the observing
longitudes of the neighbouring targets are shifted (within their
visibility windows) to ensure no time gaps exist between the
targets of a block. The placement of the composite targets is a
core aspect of strategic planning of an RSD. It is made with two

goals in mind: (i) respecting requirements on cadences and pri-
orities; and (ii) building a plan that enables an optimal imple-
mentation of the EWS in the next stage, avoiding leaving survey
windows that are too small and ensuring that the EWS coverage
in the first year (where many calibrations need to be scheduled)
is capable of reaching the expected area for DR1. The calibra-
tion plan is best populated iteratively, adding the highest priority
first and then adding the rest in decreasing order of difficulty,
clustering them whenever possible. Here, ‘difficulty’ refers to
the width and availability of the visibility windows. The most
difficult targets have a single possible visibility window. Most
targets have two visibility windows but, in some cases, these
can be very short, hindering their clustering. The plan is then
executed by the ECTile tool plan that generates the intermedi-
ate survey file (intermediate. surv), where the longitudes are
converted to time assuming the given starting date. The result
does not follow plan.d strictly but performs optimisation steps
by automatically making small shifts in time and merging neigh-
bouring blocks of targets according to optimisation parameters
defined in ectile.cfg.

2.4. Stage 2: Computing the EWS

The survey windows available to schedule the observations of
the EWS correspond to the time intervals left unscheduled in
Stage 1 between two consecutive target observations. The pro-
cess of constructing the EWS schedule is described in detail in
Euclid Collaboration: Scaramella et al. (2022). In the following,
we provide an overview of the process, also referring to Fig. 2.

The method proceeds by gradually scheduling each survey
window in chronological order. The ECTile tool wide takes the
intermediate.surv file as input and computes the visibility
windows for all orbital positions of the spacecraft during the
dates of the first survey window. The set of visibility windows
shows the tiles that are within reach in a given survey window.
The limitations on the range of the two solar angles, SAA and
AA, together with the need to keep the fields aligned with the
tessellation (within the tilting margin, cf. Sect. 2.2) determine
the shape of the visibility window.

Figure 3 shows the visibility window, represented as the
reach in ecliptic longitude around the transit ecliptic meridian
as a function of ecliptic latitude. It is valid for any point in the
orbit, with the caveat that the transit meridians vary with orbital
movement. We note that since the AA range no longer includes
zero, the transit meridian is barely within reach and observations
with SAA = 90° are no longer the norm as they were in the
original pre-launch designed survey strategy. From any point in
the orbit, there are more precisely two visibility windows in the
sky:

— leading, when observing in the leading direction, i.e., when
looking forward in the direction of the orbital movement;

— trailing, when looking in the trailing direction, i.e., looking
back with respect to the orbital movement to the antipodal
side of the sky and with the telescope flipped around its axis.

Given the asymmetries of the SAA and AA allowed ranges, each
of the two visibility windows has two distinct sections, one in the
northern and the other in the southern hemisphere. The broader
section, indicating longer visibility, is in the north when looking
in the trailing direction and in the south if looking in the leading
direction. Given the shape of the Rol, only one of the two sec-
tions of each visibility window lies on a mainland. From these
considerations it follows that if at a period of time the broad sec-
tion of the leading window lies in a mainland, the broad section
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Fig. 3. Visibility windows for trailing (left panel)
and leading (right panel) observations from any
1 point of the orbit, computed for the SAA and AA
allowed ranges and a maximum misalignment of
325 between the observed fields and the tessella-
g tion. The leading and trailing transit meridians are
separated by 180°. The inner pink bands show the
visibility windows computed for the same SAA and
j AA ranges but with no tilt allowed, illustrating the
unfeasibility of computing a wide survey in those
conditions.
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of the trailing window necessarily lies in the other mainland.
This defines a so-called summer season where the visibility is
longer and it is easier to schedule EWS observations. In con-
trast, there is another period of the year in which the two narrow
sections of both visibility windows lie on the mainlands. This
epoch is dubbed the winter season, where visibility is simulta-
neously short on both mainlands and the progress of the EWS is
therefore difficult.

Figure 3 also shows the visibility windows in the case where
misalignemnts between FoVs and tiles are not allowed. In this
case, the only regions reachable are the ones where it is possible
to use the allowed range of AA to counter-rotate a misaligned
FoV, such as to align it with the tessellation. As shown in the
figure, those regions are extremely narrow. Conversely, allow-
ing for larger misalignements between the observed fields and
the tessellation would result in larger visibilities. In the extreme
case of having no tessellation, i.e., observing with unconstrained
position angles, as is the case of most stage 1 observations, vis-
ibility is solely determined by the SAA range, broadening to-
wards the poles where visibility is perennial. The drawback of
such approach would be to create gaps between observed fields,
which would require a procedure to be filled in, either with ad-
ditional observations or by placing the centres of the tiles closer
to each other, in any case leading to a decrease in survey effi-
ciency. The optimal value of maximum misalignment is the one
that, even though introducing a highly constrained visibility, it
still allows us to observe fields all year round and throughout the
Rol, with minimal field overlap such as to keep the survey effi-
ciency large enough to enable the EWS to reach an area close to
the requirement in the nominal mission duration.

Proceeding now with the description of the scheduling pro-
cess, for the first survey window, and as a function of its duration,
ECTile generates a set of patches that are possible to observe
within the available time, a patch being a connected set of tiles
of the tessellation. Usually, it generates at least one patch from
each mainland and sometimes also from the islands. One of the
patches is subsequently selected, and the others are discarded.
The generation and selection of patches are done automatically
according to a hard-coded heuristic.

— Priority to higher latitudes: promoting a contiguous build-up
of the EWS layer by layer from the ecliptic poles (where the
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sky quality is higher) towards the equator, trying to complete
two layers (one per hemisphere) longitudinally in roughly 1
year before moving to the next one.

Minimising solar angle variations: this conditions the height
of a patch, which depends on the speed of the orbit and du-
ration of the ROS.

Priority to the mainlands over the islands: promoting larger
contiguous coverage.

Preference for areas covered by DES and UNIONS foot-
prints: DR1 RSDs prioritise southern versus northern hemi-
sphere due to earlier availability of DES data.

Once the patches are selected for a survey window, a search
is made to find PSF calibration fields within reach from those
patches. If the search is successful, an observation of a PSF field
(plus the other calibrations associated in the PSF block) is sched-
uled within the survey window, with SAA and AA values match-
ing the ones of the contemporary EWS patch. The purpose of
scheduling the PSF fields in stage 2 and not in stage 1 together
with the other calibrations is to ensure matching solar angles,
since the PSF varies with the thermal conditions. SOPS interrup-
tions are also scheduled at this stage. These various placements
use some of the time of the survey window, hence leaving less
time for the scheduling of the patch and, thus, the patch orig-
inally selected is reduced by a few tiles. The final list of tiles
within the patch are geometrically connected by the scheduling
algorithm, known as the diffusion algorithm (Euclid Collabora-
tion: Scaramella et al. 2022), and time stamps are assigned to
each tile taking into account the starting time and the slew time.
The tiles are observed in a sequence that minimises solar an-
gle variations. The process continues to the next survey window;
a RSD contains around 100 survey windows. Given that Euclid
observes roughly 19 ROS tiles per day, a single patch in a typical
survey window of 10 days contains up to around 200 tiles.

In addition to the patch generation and selection heuris-
tics, there are other parameters, with default values set in
ectile.cfg, that control the many aspects of scheduling, with
the goal of minimising the risk of the diffusion algorithm to fail.
These parameters control the following four mechanisms.

— Rol clipping: at the start of the process some areas of the Rol
are masked with rectangles, effectively reducing its footprint,
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to help the diffusion algorithm with a smoother input geom-
etry. As the EWS builds, it is sometimes useful to mask out
additional areas to steer the patch placement towards certain
areas.

— Quadrant corners: the diffusion algorithm fails if the shapes
of the patches are not approximately rectangles. To enforce
this shape, patches near the corners of the Rol quadrants are
partitioned into segments. The coordinates of the relevant
points, both at the bottom and at the sides of the Rol quad-
rants, are stored for this purpose. As the EWS builds up and
more patches are placed, new sharp corners may appear in
the evolving top layer of the footprint. If they are found to
cause a scheduling failure, their coordinates can be added to
the list of quadrant corners to enforce patch partitioning at
the new critical points.

— Patch selection: in the first survey windows, there is no valid
reason to choose one patch over the other. However, later on,
the heuristics for choosing the best patch are not so effective,
and it is useful to have a mechanism to override the default
selection.

— Shrinking margins: to embed some scheduling margin into a
generated patch, its allocated time is decreased by some mar-
gin. Default margins are applied to the individual partitions
of a patch and also to the total time extent of the patch.

At each iteration, the evolving survey map is updated on-
screen, adding the resulting scheduled patches of the current it-
eration. Often, patches show imperfections. Common types of
failures are the generation of patches that do not use the full
time available in the survey window, creation of patches with
irregular shapes that will be difficult to fit with the geometry of
neighbouring patches, or the existence of a small set of tiles left
unscheduled between two patches. The mission planner can try
to fix the issues by changing the default values of the scheduling
parameters for the problematic iterations. The general strategy
is to make a full run of the process over the whole survey win-
dows, analyse it to identify iterations where the default choices
were not the best, and act at two levels.

— Customised patch selection. The patch selection of a given
survey window can be overridden by selecting a patch from
a different quadrant. The new selection is defined in the file
wide-plan.d.

— Customised shrinking margins. It is possible to define al-
ternate specific shrinking margins for selected iterations in
wide-plan.d. Shrinking margins are specified as a dura-
tion, later converted to units of longitude and lead to a mod-
ification in the patch width and height, or in a longitudinal
shift of its location.

Sometimes, these mechanisms are not capable of fixing the
issues. In those cases, an alternative is to change the size of a
problematic survey window. For this, the mission planner goes
back to plan.d and shifts a target, either by slightly delaying a
calibration block or by a major edit of the calibration plan. This
proves to be an effective way to avoid the presence of vertical and
narrow gaps of unobserved tiles. Another useful approach is to
use the fact that EDF-N has perennial visibility, to place its visits
in the observing plan where they conflict the least with the EWS
survey windows. This strategy was applied in the DR1 RSDs, but
it will not be available in future RSDs since the EDF-N visits are
required to be finished by DR2. We note that a modification in
plan.d implies restarting the process from scratch.

In summary, the computation of the EWS is a laborious and
time consuming procedure. A single run of the wide tool is rel-
atively fast and fully automated. However, a single run is not

enough. Most often, the result contains many shortcomings or
low performance. The survey windows can then be optimised
using the various mechanisms described above. The optimisa-
tion must be done in chronological order, since a change in one
iteration may potentially change any of the subsequent windows.
A new run must hence be made after each modification, until the
final survey window is optimised. At that point the RSD survey
is complete in the form of a binary file (survey.sur) and the
surv tool is applied to it to generate the RSD in the official for-
mat (rsd.xml).

2.5. Survey replanning

A new RSD is computed regularly. There are various reasons for
survey replanning, including:

— to reschedule skipped observations that have been dislodged
by other activities (such as ice decontamination campaigns);

— to reschedule skipped observations not executed due to in-
strument outages;

— to reschedule lost observations with low quality flags (such
as observations affected by solar activity or ice contamina-
tion);

— to implement updated calibration specifications;

— to implement updated system requirements;

— to include additional observations (such as implementation
of the Quick Data Releases programmes);

— to implement science optimisation strategies;

— to implement recommendations from mission reviews.

During the replanning cycle, SOST tracks various sources of
survey-monitoring information, including the SOC’s table of
events, and feedback from various interfaces, such as the SGS
processing, the science coordination group, the CalF, the Mis-
sion Manager, and the EST, and compiles a list of replanning
items.

Survey replanning is the process of computing a new RSD
from a previous one, by retaining all the observations up to a
restart date, also called the break point, and computing an obser-
vation schedule for the remaining nominal survey time. Given
the incremental nature of the survey computation, where a plan
is computed by iteratively appending observations, a change in
one target observation or in a survey window invalidates all the
rest of the survey, implying a computation of the full survey after
the specified breakpoint. Note also that not all aspects of a survey
can be subject to replanning. Some parameters were set when
building the first operational survey and must not be changed
throughout the mission. These are:

— the Rol, since a modification would imply a new tessellation,
invalidating the tiling associated with previous observations;

— the tessellation;

— the definition of the polar patches, since changing this would
impact the shape of all other polar patches, invalidating the
already acquired polar patches;

— the EDF-S shape.

In replanning, the restart date is specified by the index of the
first patch of the previous survey to be changed. Everything up
to that point is copied from the previous survey, while everything
from that point onwards is up for replanning. The restart patch
may be an EWS patch or any patch from the calibration plan.
The replanning process starts with the computation of a new cal-
ibration plan, editing the plan.d file after the break point to im-
plement the required changes. All the three files ectile.cfg,
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targets.d, and plan.d may be edited for the purpose of re-
planning. This means that the Stage 1 replanning may include
new targets, rescheduling of fully or partially lost targets, and
new timings and cadences in the calibration plan. Then, the plan
is converted to a schedule as usual, with the plan tool, generat-
ing the intermediate survey.

The computation of a replanned EWS requires the defini-
tion of new patches, named ‘infills’, which will cover the lost
and skipped fields of the previous survey, i.e., the gaps. An in-
fill patch is a sequence of observations (one or more consecutive
obsIDs) that has been previously scheduled. The infill patches
are treated as new targets. They are registered in a new input file,
backlog.d (cf. Fig. 2), with each infill patch being defined as
a specified sequence of obsIDs of the previous survey. An in-
fill patch will behave like any other target and its visibility can
be determined with the usual ECTile tools. In some cases, infill
patches are inserted in the calibration plan, in their correspond-
ing visibility locations. This capability is best suited for small
infills and is particularly useful in those cases where the visibil-
ity of an infill falls in the middle of a calibration block (and not
inside a survey window). However, in most cases, it is more con-
venient to insert them into a survey window during the Stage 2
procedure. For this, each infill is registered in wide-plan.d as
part of a survey window, and is declared as being large or small.
In the presence of infills, the processing of a survey window is
modified from the standard procedure described in Sect. 2.4. The
first operation is now to place the large infill as a new patch, ei-
ther at its natural placement or shifted according to the margin
parameters.

This placement splits the survey window into two sub-
windows. Only after that are the EWS patches generated and
selected in the usual way. Then, small infills, if any, are placed
by carving time in the survey window, just like the PSF and
SOPS are inserted at the end of the iteration step. Finally, we
note that gap-recovery should be handled as early as possible in
the schedule to reduce the chance of gaps piling up and to keep
the re-observation dates as close as possible to their original ob-
servations. We also stress that when computing the survey statis-
tics, the pre- and post- breakpoint RSD information is merged,
avoiding multiple counts of the corresponding observations.

Survey replanning was first used in the computation of
RSD 2024C from RSD 2024B, although no re-observation of
EWS patches was made at the time, i.e., RSD 2024C did not
schedule any infills. The re-observations were only introduced
in the calibration plan. Later on, the computation of RSD 2025A
from RSD 2024C was the first time that replanning was made
with EWS gap recovery. The first modified RSD, RSD 2024B,
was computed in a different way and is a repairing of the original
RSD 2024A rather than a fully replanned survey.

The repairing process computes a new survey from a pre-
vious one from a breakpoint onwards, by applying just a small
set of changes to calibrations. The calibrations are scheduled in
the same order as in the previous survey, but implemented with
the updated parameters. The allowed modifications are minor
changes of on-target timings, causing a calibration to last slightly
more or slightly less than previously scheduled. Other changes
are also possible, such as the number of pointings of a calibra-
tion, the pattern covering a calibration field, or the grism cycling
of certain calibrations. The EWS sequence of observations is left
intact, but each tile is observed at a slightly different time, due
to the drift in the survey window timings. The EWS patches are
regenerated with updated orientation and solar angles. Given the
very limited visibility of the EWS tiles, the repairing procedure
is successful only if the drift is kept to a minimum, with a total
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cumulated drift over the full survey of a few hours at most. PSF
calibrations and SOPS are recomputed from scratch and repair-
ing is done one iteration at a time, in chronological order.

3. RSD DR1 components
3.1. RSD DR1 definition

The first operational RSD, RSD 2024A, started to be executed
on February 14 2024. At that time, thin layers of water ice were
already forming on optical surfaces due to outgassing, causing a
reduction in transmission (Euclid Collaboration: Schirmer et al.
2023). Selective heating was applied to folding mirror FoM3 and
to mirror M3, followed by recalibration activities. This decon-
tamination campaign lasted 9 days, from 12 to 21 March 2024.
All observations previously scheduled for this period were cali-
brations and were not required to be rescheduled. In a first mo-
ment, the decontamination restored the transmission to imme-
diate post-launch levels. However, after an initial improvement,
VIS data started to quickly degrade and on 6 June 2024, a second
selective heating of folding mirror FoM3 was performed (Euclid
Collaboration: Schirmer et al. 2026b). The second decontamina-
tion campaign was carried out during 5.5 days ending on 12 June
2024, and this time the scheduled polar cap north-cap-06 and 8
EWS tiles were skipped and were rescheduled in a new RSD,
although not in time for DR1. No other decontamination cam-
paign has been required so far. VIS data observed between the
two decontamination campaigns, from 23 March to 7 June 2024
were declared invalid. This period, which became known as the
‘ice age’, was rescheduled in RSD 2025A for re-observations ex-
ecuted with the ROS, although NISP observations had not been
declared invalid. In total, the DR1 RSD revisions consist of the
following replanned RSDs:

— RSD 2024B (operating from 15 July 2024), repairing of
RSD 2024A, with no rescheduled observations;

— RSD 2024C (operating from 16 November 2024), replanning
of RSD 2024B, rescheduling EDF-N (one visit), CPC-N (one
visit), and polar-cap (one patch);

— RSD 2025A, replanning of RSD 2024C (operating from 28
February 2025), rescheduling EDF-N (three visits), CPC-
N (four visits), polar cap (three patches), EAFs (one visit
to COSMOS), and infills (12 patches, totalling 1119 tiles
mostly from the ice age).

DR1 includes the various types of observation scheduled in
RSD 2025A and executed in the 462.8 days that occurred be-
tween 14 February 2024 and 21 May 2025. Four of those days
were reserved for SOPS and 1.2 days were allocated to the
EGBS, presented in Beaulieu et al. (2026), whose data were re-
leased in Q2. In the remaining 457.6 days, the RSD scheduled
visits to EWS tiles, EDFs, EAFs, and calibration fields. The DR1
schedule is depicted in the timeline shown in Fig. 4, where each
observation type is represented by a unique colour.

Not all RSD 2025A observations executed up to 21 May
2025 are part of DR1, because some are not complete or were
declared invalid. There are five reasons why some observations
are excluded from DR1. These are the following.

— Ice age: all observations from the ice age period are declared
invalid.

— Ground-based data: EWS observations without external
ground-based data are considered incomplete, since ground-
based data are necessary to retrieve photometric redshifts
within requirements for the weak lensing probe. In the south-
ern sky, DES (Abbott et al. 2021) is currently used until



Euclid Collaboration: I. Tereno et al.: Euclid DR1: The Euclid surveys

x @ S
+ 8 13 2 8 + S% + g3 2% + 8 8:8%.5 + - 122 %
o g <8 5 2 s 3¢ a LER 3 & o % Bk EES N £y SOF Z
- o °> I 3 2 >0 s 9 £G>% N O - S Z5 O Ao S > & snef g
&% T 5 2 2 X s Iz x o 22T & = % T 22 fmr2r w o X Bogu X
w o w E womwE 2 % w cw BB w £ w ZdE E = w ow B Z.n.l—Zn.E w o w ZE w Zd w
2 2 3 2 ¢¥5 = Q a 200 2 ¢ 2 QEE2S 2 42 S RE3ZMs 2 @ 2 £5 g S W 2
= 52 o 3 3 @ O = S22z = S5 2 OG0 a2z 2 52 Z 0o an=00z = s = G= = (=
8810 8820 8830 8840 8850 8860 8870 8880 8890 8900 8910 8920 8930 8940 8950 8960 8970 8980 8990
1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
yrl CTT T, . TIE T T Th [ ] [ T [ 1L m
10.6d 4.4d 11.9d 17.8d 3.8d 5.4d
T £ T o T <L£OT ° o ° £T TT o < o TTT T T o £ T T T T T TETE ° < o °T ° LTV T T
R 8§ @ 5 e 9 o @ Bo ©® @ f S qUe 8 K BB ¢ ANOOIE S 1 © qe @ @qs 9
~ 'l"_l © © ~ s’_)-v— © o~ : v'-‘2(') - ": ‘('_) © NN~ < 8 Qv n NNNFNNNQ :: ‘('_) 2 N 2 mNN 0
x x ¥ X 8 x X x
- @ 0l ) = 08 8 = ~S s ©8 © ~ 208 ) o o 8
S 2 232 e 2 23 2 =2 o + 2 24 12 i 22 12 iy L +
£ d Tmx T = Tm @ £ et} + Q zm e G Ttm b T SEm *
ESE*5 o 5 oE o Ex 2 =& <~  SES < b= QEL 8 _ 95 _EEY _ e _E _ Q= _ 8
D> O 2> & > & 2 & 27 <« ok S Q> S 7 N 7 S 7§ 92 g &£27% ¥ T & 2 &§NOO & S
o £ 9T9 X Q9 X QO X 9o 2 =29 X Lo = % o 2T X 40 X g0 X Q0T X MO X O X 42T X Y
D E ZED w T w PE Z dZ% w zE w 2y E ZE w 8% wo? WZIPE W B w? weEiE w @
O T O0Z0 a O g © a ©Z Z uwo a 02 a ra Q OZ2 o SO o A0 g0 O0Z g 4O o © o QuwZ g g
a O ala = 6 = 4 = a0 < wa = ®a 0 = @@= I aQ = Y2 =Z 0o =z aaQ = Y =z a = Twl = &
O Z O=0 ] o 3 0 = O @ Qoo = 502 = 53 @ 0 = 50 3 00 3 OO0 = 50 2 0 = ansE = >
9000 9010 9020 9030 9040 9050 9060 9070 9080 9090 9100 9110 9120 9130 9140 9150 9160 9170
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
HENE! NN N A [ BT 17 . 100  I7 7T ]
13.6d 15.4d 4.4d 9.3d 3.2d 3.4d 6.4d 3.0d 4.6d
T T TTVT o T T T o - T ° T T ° £TT ° £ T o TT o £o T £T T T TT o £T T T T £TT o £o
5 & 88 ® 0~ ® ® K~ ©® & Aad S ] @D N @ N6 = TE K S § ARG & W¥ S ®» S KNG = on
X
X =
e 88 . g s 8 8
w8 — s 02 & a
g 8 % g t2gz ¥ 2 &
o > 5 > ) « > >
g e 2 5 § L5222 IL£ 3§ ¢ £z
= T T 2 i2 R 6 4 EE 4 & A 2 = £
w E w2 =2 438 o e 358 a3 S 4 £
2 6 2 8 = &g z @ T 0c T ¢ L & 2 O
= Z = £ @ 20w £ >S5 2 22 2 > = o Zz =
9190 9200 9210 9230 9240 9260 9270 9280 9290 9300 9310 9320 9330 9340 9350
| 1 ! L L ! ! L L

9180 9220
! !

©
]
33
S

yr2 [ [

13.2d

IS
IS
a

d

I

o
3 ~
©

7.7d 3

83
7d 3
.8d

°
Q
©

1.2d
6.1d
.8

6.
15.6h

16.5d
14.8d
15.6h
1
2
13.1d

2.2d

©
6.9d &
1.7d

Fig. 4. DR1 RSD schedule timeline, from 14 February 2024 to 21 May 2025. Each EDF, EAF, and calibration block observation is shown as a
box of a unique colour, labelled by the name and duration of the observation. Vertical black lines are the SOP time slots. The running time scale
above the boxes is the MJD2000 date. The pink boxes are the survey windows where EWS observations are scheduled, the ones in a darker shade
labelled ‘infill’ are re-observations of previous ice-age EWS observations. Colour bars under the EDF and EAF boxes indicate when red or blue
grisms are used. Orange triangles mark the starting point of a new RSD (RSD 2024A, RSD 2024B, RSD 2024C and RSD 2025A), and the blue
triangles mark the equinoxes, which is relevant information for scheduling.

deeper data from the Vera C. Rubin Observatory Legacy Sur-
vey of Space and Time (LSST; Ivezi¢ et al. 2019) become
available. In the northern sky, the coverage is provided by
UNIONS (Gwyn et al. 2025), including a UNIONS exten-
sion, except for the most southern part, which is expected
to be covered by Rubin’s LSST. These observations will be-
come complete once the ground-based observations will be
available.

Instrument outage: observations lacking data from one of the
instruments are considered incomplete. There were some in-
stances of the instruments being turned off preemptively, to
avoid any instrument damage.

Non-executed observations: there are cases of scheduled ob-
servations that were not executed, e.g., due to on-board tests
or to give room for decontamination activities.

RA =0h: observations whose pointings cover the RA=0h
line cannot yet be processed by the SGS and are temporarily
considered invalid. This issue is fixed in the DR2 pipeline.

During the observing period of 457.6 days, 46.8 days are
spent slewing either between dithers or from field to field. In
this period, the RSD contains a total of 11 697 observations. All
observations comply with the solar angle restrictions, with AA
kept in the range —8°28 to —3°06 and SAA in the range 87716 to
11320. The map of (elevation, AA) values for each RSD point-
ing is shown in Fig. 5, where elevation is defined as 90° — SAA.
Most of the EWS pointings are close to zero elevation, indicat-
ing that they are observed near transit. This is a feature of the
first year of the survey; in later years a longer reach in longi-
tude will have to be applied to cover gaps in the sky that were

left unobserved in the first orbits. The full allowed range of SAA
is only used for CPC-S observations. These are EDF-S obser-
vations made with a required cadence, and they often need to
be observed far from transit to comply with the cadence. Each
visit to the EDF/CPC field is made by keeping their tiles aligned
and applying an AA rotation to compensate for a varying SAA,
which leads to a strong correlation between the two angles.

3.2. The Euclid Wide Survey

The RSD 2025A EWS contains 5384 ROS observations, corre-
sponding to 21 536 pointings. We note that Euclid observations
are identified by a unique number: the ‘obsID’, with each ROS
observation being assigned a single obsID for the four dithers.
The area of the EWS footprint is 2639.1 deg®. This area already
excludes gaps left around bright stars that amount to 60.5 deg?. A
significant fraction of this area is not processed by the SGS and
is excluded from DRI for the reasons listed above. The break-
down of the excluded observations is as follows.

— Ice age: during the ice age, a total of 1166 EWS obsIDs were
executed on the Euclid tiles, consisting of 1092 tiles from
the tessellation and 74 from polar patches. All were declared
invalid and their observations were rescheduled. 838 of these
tiles were reobserved in RSD 2025A and their data are part of
DRI1. Therefore, only the remaining 328 obsIDs, reobserved
at a later time, contribute to a decrease in the EWS released

area of 147.4 deg?, of which 9.7 deg” is in a polar patch.
Ground-based data: in the southern hemisphere, when fol-

lowing the strategy of observing in latitude layers from the
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Fig. 5. Solar angles map of the DR1 RSD pointings. The SAA value is
represented by the Elevation, which is defined as 90-SAA. Each point
represents an observation: EWS (orange); EDS and EAF (blue); CPC
(brown); and calibrations (black).

ecliptic poles to the equator, the telescope passes areas of the
Rol that are not covered by DES. Some of these areas were
nevertheless observed to avoid creating large holes in the
contiguous coverage early in the mission. These data need to
be excluded from DR1 while waiting for LSST data. The ex-
cluded areas due to non-existing ground-based data amount
to 302.3 deg? in 633 tiles.

— Instrument outage: there were five instances of instrument
outages, leading to incomplete data. Recovery from an in-
strument outage requires manual intervention and is only
possible once every 24 hours, during the daily telecommu-
nication period. This affected 53 EWS tiles, corresponding
to 25.4 deg” of excluded area.

— Non-executed observations: during this period, a total of 124
EWS scheduled obsIDs were not executed due to various
reasons, including a delay in the start of the survey that pre-
vented the execution of obsIDs 1 to 6, on-board testing that
replaced ObsIDs 7192 and 7193, and, most importantly, the
second decontamination campaign that postponed the obser-
vation of the large polar-north-06 patch. The corresponding
excluded area is 56.5 deg?.

— RA =0h: there are 39 tiles that cross the meridian and are ex-
cluded from DRI1. 22 of them are already excluded for hav-
ing no ground-based covera%e and therefore the additional
excluded area is only 8.2 deg”.

Given these considerations, the resulting DR1 EWS area to-
tals 2099.3 deg?®, unevenly distributed in the two ecliptic hemi-
spheres:

— Northern mainland: 560.7 degz,
— Southern mainland: 1538.6 degz,

which represents a decrease of 539.8 deg” with respect to the
RSD EWS scheduled area. The EWS area validated for Level
2 data by the relevant SGS Organisation Units (OUs) is fur-
ther reduced, with Euclid Collaboration: Aussel et al. (2026b)
quoting a EWS DR1 SGS-validated area of 1900 deg”. Part of
the additional area reduction is due to radiation impact related
to solar activity. There are, in particular, 94 EWS obsIDs with
the four dithered frames impacted that are already scheduled for
re-observation at a later time. The set of identified obsIDs is
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8-14, 2757-2774, 3802-3812, 48614875, 5644-5660, 6580—
6586, 7040-7052, and 7074-7079. They contribute to a decrease
in the effective useful EWS area of 44.5 deg?.

Figure 6 shows the EWS DRI footprint, including the DR1
valid and complete area, and also shows the various types of
excluded regions. The non-EWS components of the DR1 RSD,
i.e., the EDF, EAF and calibration fields observed in DR1 (see
Sect. 3.3), are also shown. We note that the remaining fields ob-
served in DR1 corresponding to the non-RSD components of the
Euclid surveys described in Sects. 5 and 6 are included in the
full DR1 Euclid surveys map shown in Sect. 7.

3.3. The Euclid RSD targets

The remaining 6313 observations correspond to the EDFs,
EAFs, and calibration fields mentioned in Sect. 2.3, here grouped
under the title ‘RSD targets’. EDF and EAF observations are
made with the ROS, with one observation (with 4 dithers) corre-
sponding to one obsID. Calibration fields are observed with non-
ROS special observing sequences consisting on many pointings
(typically much more than 4), but that are assigned a single ob-
sID for the full sequence (with a few exceptions). For calibration
observations, the quoted number of observations corresponds to
individual pointings, therefore, unlike for the ROS observations
reported in Sect. 3.2, the number of corresponding obsIDs is
much lower than the quoted 6313 observations.

Table 1 summarises the EDFs and EAFs observed for DR1,
showing the coordinates of their centres, areas, and number of
visits. Since each visit is made from a different position in the
orbit, each visit has a different position angle on the sky. This
implies that the overlap is maximum at the centre of the field,
decreasing towards the edge, and thus the area with at least one
visit is much larger than the central ‘design’ area, which is the
one that will reach the full depth at the end of the mission. The
difference between the 1-pass and the full-depth areas is smaller
in the case of EDF-F, due to its lower ecliptic latitude, and there-
fore shorter visibility, which strongly constrains the range of al-
lowed observation positions in the orbit. We note that one visit
represents one pass over the full field, thus containing a large
number of obsIDs, depending on the size of the field. The to-
tal number of planned visits is also given, providing an indica-
tion of the current progress towards full depth. The total number
of visits to reach full depth is a function of ecliptic latitude, to
compensate for the higher sky background at lower latitudes. We
also note that during one of the EDF-N visits included in DR1
(patchlD 44), there was a VIS instrument outage and half of the
VIS data from that visit was lost. There were a few other visits
lost (incidentally always in EDF-N), but those were fully dis-
carded.

The EDS is executed on the three EDFs, and corresponds
to 1271 obsIDs. The EDFs are observed either with the stan-
dard ROS that uses the RGS grisms or with the ROS-Blue vari-
ant, where all the four dithered frames acquire the spectroscopic
data in the same direction using the BGS grism. The number of
visits in Table 1 discriminates between ‘red’ (denoted R) and
‘blue’ (denoted B) visits. The goal at the end of the mission is
to achieve a 5:3 blue-to-red ratio. The ratio at DR1 is very far
from the goal, with a significantly large number of red visits.
This is due to the need of performing the first ten EDF-N visits,
as well as the first ten EDF-S visits, with the RGS in order to ob-
tain as soon as possible a CPC sample compatible with the EWS
observing mode.

Additional data on the EDF-N and EDF-S fields were taken
in the PV phase and are also included in DR1 (see Sect. 5.2). We
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Fig. 6. The Euclid RSD Surveys at DR1, in the equatorial frame rotated around the central point (RA = 120°,Dec = 0°) to improve visibility
of the polar regions. The EWS footprint (see Sect. 3.2) is shown in blue. The other colours show the EWS observations that were excluded from
DRI1: the red stripe of tiles in the south is the RA =0h region, pink patches show invalid ice-age observations not yet re-observed, orange tiles
correspond to instrument outages and lack VIS data, yellow regions were scheduled and not executed, and green areas have no ground-based data
(see text for details). Brown areas scattered on the map are the bright star exclusion regions. The RSD targets (see Sect. 3.3) included in DRI,
i.e., the observed EDFs, EAFs, and all calibration fields (Self-calibration, planetary nebula and PSF fields) are also shown in the map. Dashed
red countours mark the UNIONS (in the North) and DES (in the South) footprints where ground-based data are available. The orange line shows
the ecliptic and the blue line the Galactic plane. The light green background shows the Euclid Rol, consisting of two mainlands and two islands,
where the spacecraft continues its surveying mission.

Table 1. Summary properties of the DR1 Euclid Deep and Auxiliary Fields.

Type Field RA Dec Area No. Visits Area

design 1 pass

[deg’] [deg’]

EDF-N 2692733 66202  20.0 11/40 (8R,3B) 30.6

EDS EDF-S 612241 48242 227  10/45(10R,0B) 33.0
EDF-F 522932 28209 10.0 2/52 (1R,1B) 13.2
COSMOS 1502120 2221 2.0 27775 2.6
EAF CDFS 53?118 27281 0.5 34/34 0.8
AEGIS 2142827 52282 1.0 18/18 1.4

Notes. Columns give the coordinates of the centres, the designed areas where the full depth will eventually be reached, the number of visits in DR1
as a fraction of the final number of visits planned (also showing the breakdown in ROS and ROS-Blue visits for the EDFs), and the area covered
by at least one dither in DR1.

also note that a fraction of the EDF data was already released in
Q1 (Euclid Collaboration: Aussel et al. 2026a). Indeed, Q1 con-
sisted of one visit to each of the three EDFs, totalling 63.1 degz,
plus data from the LDN 1641 field (see Sect. 5.2), with dozens
of papers already published using that data set. The location and
shape of the three EDFs are included in the all-sky map of Fig. 6.

Euclid makes repeated observations of six EAFs throughout
the mission (Euclid Collaboration: Mellier et al. 2025), eventu-
ally reaching a depth of 5 times that of the EWS average. The
data are used to calibrate photometric redshifts and to quantify

the impact of colour gradients on shape measurement in the pres-
ence of a chromatic PSF. The observing strategy is to make re-
peated passes to the full area of these fields, increasing depth
(each pass applies small shifts in the pointings). The passes alter-
nate between the ROS and ROS-Blue sequences. DR1 includes
data from three of these fields, as shown in Table 1. Again, the
number of visits reported is the number of passes over the full
fields, each corresponding to multiple obsIDs.

Only three of the EAFs are included in DR1, as shown in
the all-sky map of Fig. 6. The visits to CDFS and AEGIS are al-
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Table 2. Summary properties of the DR1 RSD calibration fields, grouped in three types.

Type Field RA Dec Area CALBLOCK No.ObsIDs Area Sequence
design 1 pass
[deg’] [deg’]
SelfCal-centre  268°813 65°29 2.0 F-001 11 2.3 ROS-D1
F-009 2 NISP (special)
F-010 5 NISP (special)
EUDF F-011 1 NISP (special)
F-016 2 VIS (special)
F-018 1 NISP (special)
SelfCal-faint 2682000 65°00 F-007 10 VIS (special)
PN SMC-SMP-20 142035 -70°30 0.5 F-010 5 2.2 NISP (special)
F-010 1 ROS
PSF-01 292°48 53953 0.5 F-008 1 0.7 VIS (special)
F-013 1 ROS
F-015 1 VIS (special)
PSF-02 285°03 49°83 0.5 F-008 2 VIS (special)
PSF-04 265°72 48209 0.5 F-008 1 VIS (special)
PSF PSF-05 254220 49237 0.5 F-008 1 VIS (special)
PSF-06 247°27 52°69 0.5 F-008 1 VIS (special)
PSF-07 239280 56289 0.5 F-008 1 VIS (special)
PSF-09 225235 61°91 0.5 F-008 1 VIS (special)
PSF-012 218°16 82°06 0.5 F-008 1 VIS (special)
PSF-016 59°25 -55°16 0.5 F-008 1 VIS (special)
PSF-018 73°52 —49°10 0.5 F-008 1 VIS (special)

Notes. Columns give the coordinates of the centres, the designed areas, the larger area covered by at least one dither in DR1, the CALBLOCKS
that contribute to each field, and the number of obsIDs and sequences executed. The Self-calibration field (in its two offset centres) gets most of
the visits. The PSF fields are observed in three CALBLOCKS, as indicated for PSF-01.

ready completed in DR1. Each of these two fields was observed
in two periods, separated by 6 months, implying that half of the
passes share a common direction that is 180°0-rotated with re-
spect to the position angle of the second half of the visits. The
third field, COSMOS, is the largest one and is 36 % complete
in depth. Additional data on COSMOS and CDFS were taken in
the PV phase and are also included in DR1 (see Sect. 5.2).

Observations to acquire data for calibrations define another
set of fields in DR1, observed with a variety of observing se-
quences, as shown in Table 2. We point out that the various spe-
cial sequences listed are different from each other, with a broad
range of exposure times, and some including off-sky observa-
tions.

Several CALBLOCKS are executed in the Self-calibration
field, with a diversity of observing sequences, most notably the
11 ROS-D1 observations made as part of the monthly F-001 self-
calibration. The monthly F-007 VIS nonlinearity calibration is
also executed in the same field, slightly offset to a region with
a lower density of stars. Moreover, the Self-calibration field is
contained in EDF-N and it was also a frequent target used in the
PV phase (see Sect. 5.2). All these observations will contribute
to form the deepest Euclid field, named the Euclid Ultra-Deep
Field (EUDF), as mentioned in Euclid Collaboration: Mellier
et al. (2025).

The single visit to the planetary nebula (PN) in the Small
Magellanic Cloud (SMC) has a complex sequence, with a total
of 456 pointings, most only in NISP, also including four ROS ob-
servations with the PN placed near the four corners of the FoV,
which is responsible for the larger one-pass area reported in Ta-
ble 2. The RSD visit is its second one, having also been observed
during the PV phase (see Sect. 5.2).
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The remaining calibration fields included in DR1 are 10 of
the set of 24 fields defined for PSF calibration observations, with
one of the fields, PSF-02, being used twice. Visits to PSF fields
include the main CALBLOCK-F-008 VIS sequence, with 100
pointings, and also the CALBLOCK-F-013 single ROS observa-
tion as well as a short CALBLOCK-F-015 sequence. The obser-
vations are preceded by the CALBLOCK-F-012 closed shutter
sequence. The sequence of three CALBLOCKS is executed for
all these fields, although Table 2 only shows it for one field for
the sake of brevity. We note that PSF-16 also contains data from
the PDC campaign (see Sect. 6.1.1).

The DR1 RSD calibration fields, i.e., Self-calibration, SMC-
SMP-20 (PN), and the 10 PSF fields, are included in the all-sky
map of Fig. 6. PSF-01 and PSF-02 are outside the Rol, and hence
are not covered by a ROS EWS tile. A dedicated ROS observa-
tion was scheduled on those fields, but not on time for DR1. PSF-
12, at a high declination, is outside the reach of ground-based
telescopes and was later removed from the set of PSF fields. All
the DR1 RSD target fields are also represented in the full DR1
Euclid surveys map shown in Sect. 7.

Figure 7 shows three exposure maps containing the num-
ber of single-exposures at pixel level, resulting from the DR1
RSD observations. The figures highlight features of the EDFs,
EAFs, and Self-calibration field, and provide a comparison be-
tween VIS and NISP exposures. The maps shown are the VIS
EDF-S, the NISP COSMOS, and the VIS Self-calibration field.

The exposure map of EDF-S contains 10 ROS visits (see Ta-
ble 1), hence each pointing is covered by 40 dithers. The number
of exposures goes up to 48 in some pixels due to tile overlap,
with a median of 33. The coverage is very homogeneous, with
half of the pixels having between 31.5 and 34.5 exposures, and
none with less than 20 exposures. Due to the execution of ob-
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Fig. 7. Exposure maps showing the pixel coverage of EDF-S (in VIS; left panel), COSMOS (in NISP; central panel), and the Self-calibration field
(in VIS; right panel). The scale includes a quartile bar, with the lower tick showing the first quartile (the median of the lower half of the exposure
values), the middle tick showing the second quartile (the median of the full set of values), and the upper tick showing the third quartile (the median
of the upper half of the exposure values). The box within the bar shows the inter-quartile range, i.e., the spread of the middle half of the points.

servations from various directions, circular patterns form in the
map.

The exposure map of COSMOS corresponds to 27 ROS vis-
its (see Table 1), hence to 108 exposures. The number of expo-
sures goes up to 122, with a median of 85. The coverage is less
homogeneous than in the EDF-S case, with a much larger spread
in values. This happens because all visits are made in a single
direction (and in the opposite 180° rotated direction), with small
offsets applied to the pointings. The distribution of counts is not
symmetric around the peak, with an excess of pixels on the lower
side. The pattern formed by the contrast between high and low
counts has an orthogonal shape, following the layout of the de-
tector gaps, and is not circularised by multiple directions as in
the EDF-S case. In general, the patterns are more noticeable in
NISP than in VIS maps due to their different layout of gaps.

The exposure map of the Self-Calibration field corresponds
to the 11 F-001 visits (see Table 2), with each visit containing
76 ROS-D1 pointings, there is a total of 836 exposures. The vis-
its are made at a roughly monthly cadence, thus with different
directions resulting in a roughly circular footprint of 2.0 deg?,
deeper in the centre. The applied offsets ensure a more homoge-
neous coverage of the central region without reaching the maxi-
mum possible number of exposures at the central point. We note
that the Self-calibration field does not include the other calibra-
tion observations made in the same field with special observing
sequences, nor the ones centred in SelfCal-faint nor the overlap-
ping EDF-N visits.

Appendix A provides the complete set of VIS and NISP
exposure maps for all EDFs, EAFs, and Self-calibration (only
CALBLOCK-F-001) DR1 observations. It also contains the ex-
posure maps of the PN field observations, and the VIS exposure
map of the PSF-18 observations, which is representative of all
other PSF fields.

4. Operational survey

The production of the Euclid survey does not end with the com-
putation of the RSD and related files and documentation. Upon
receiving an RSD, the Euclid SOC verifies its scientific valida-
tion and reports its conclusions in the RSD ingestion and anal-
ysis report (RIAR), proceeding then with its operational vali-
dation using Euclid survey system (ESS) tools. Afterwards, the
SOC processes the RSD for operational use generating the OSS.
This procedure involves a second input besides the RSD, namely
the Instrument Commanding Requests (ICRs) provided by the

Instrument Operation Team (IOT). Finally, the SOC generates
the operational products to be transmitted to the MOC that oper-
ates the spacecraft.

A brief mention of the two ESS tools is appropriate. The Eu-
clid Survey System Planning Tool (ESSPT; Gémez-Alvarez et al.
2018), based on the Herschel mission planning infrastructure,
significantly extended and adapted for the Euclid mission, is a
standalone Java tool. It loads an RSD and populates tables listing
all patches (ID, observing dates, coordinates, and solar angles),
and pointings. It contains a sky panel, showing the time-indexed
survey patches in various coordinate frames and sky projections,
with the possibility of drawing contours and overlaying maps
and catalogues. It also produces survey statistics and verifies the
survey compliance with the system requirements.

ESSPT could also be used to generate the full EWS, as an
alternative to ECTile. For this, the user manually draws a patch
on the sky panel, and the tool automatically schedules the patch
with ROS pointings. The patch is then filled by tiles, starting
from the bottom-right corner and progressing up and down in
a zigzag way, with user inserting the time of the first pointing
or, alternatively, its SAA. However, the manual patch placement
procedure and the lack of integration with the other aspects of
the complex scheduling (such as the implementation of the cal-
ibration plan), makes it unpractical to use ESSPT to produce the
RSD, and the tool is mainly used for survey visualisation and
characterisation.

The second ESS tool, the Euclid Survey System Operational
Tool (ESSOT), is the one used by the SOC to process the RSD. It
comprises all the functionalities of ESSPT plus the functionali-
ties needed to generate the OSS, and the functionalities required
to maintain the survey implementation throughout the mission.
These include the following.

— OSS generation (Sect. 4.1).

— Operational products generation (Sect. 4.2).

— Operational reporting: automated report generation of the
status of the survey; quick look analysis (QLA) ingestion to
visualise the temporal and spatial evolution of selected val-
ues; and data volume and consumables estimation.

— Mission replanning (Sect. 4.3): the planning can be modified
by removing current observations or importing new ones.

4.1. OSS generation

While the RSD provides a high-level description of the observa-
tions to be performed, the OSS contains the detailed implemen-
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tation required for their execution. The OSS therefore represents
the operational implementation of the survey.

The OSS is generated by the SOC using the ESSOT. Follow-
ing validation of the RSD, the tool processes the RSD sched-
ule and generates the corresponding OSS. This is done with two
mechanisms applicable according to the type of observation se-
quence. In the case of ROS observations scheduled in the RSD,
the detailed implementation is derived through the ROS process-
ing performed by ESSOT, which populates the OSS XML file
with the relevant ROS information, such as the grism and filter
to be actuated in each frame.

In the case of calibration activities, the detailed implemen-
tation is made by inserting the references of the corresponding
ICRs in the OSS. An ICR is the mechanism by which the VIS
and NISP 10Ts specify sequences of instrument commands not
covered by the RSD. This mechanism is mainly used to spec-
ify the detailed calibration activities and consists of an XML file
generated from two inputs produced by the IOT. The first input
is an instruction file containing lists of target and dithering in-
structions; incidentally this information can be automatically re-
trieved from the CalF. The second input are CSV configuration
files containing instrument operations instructions, structured as
a script with the possibility to loop over blocks of instructions.
There is one configuration file per CALBLOCK, containing the
telecommand (as defined by MOC, based on the true instrument
commands), the parameters defining the details of the telecom-
mand, and the execution timing of the telecommand per point-
ing. Each pointing has a maximum window of 3000 s, which is
the maximum duration the spacecraft can hold telecommunica-
tion contact with the ground station while holding a fixed point-
ing.
The OSS file incorporates the activities generated by the
ESSOT for ROS observations, together with the applicable ICRs.
Each new release of an OSS includes all the activities already
executed and the future planned ones up to the nominal end of
the mission.

4.2. Operational products generation

The SOC produces two operational products that are delivered
to MOC at each planning cycle (PC). The operational planning
products are generated for a specific PC. Each PC corresponds to
the interval between two consecutive SOPS windows. The cor-
responding planning products are delivered by the SOC to the
MOC at least 2 weeks before their on-board execution period.

The first operational product is the set of Survey Schedule
Requests (SSRs) to be delivered to MOC flight dynamics (in the
form of the SSR_FD file). The SSR_FD file is generated by the
ESSOT, derived from the OSS, and contains the slew timeline to-
gether with the pointing information defining the spacecraft atti-
tude for a given PC. An SSR_DEBUG file containing additional
diagnostic information is also generated for internal SOC use to
support validation of the SSR_FD generation process.

ESSOT also generates the ESS_EVENT file, which is in-
tended for internal use within the SOC. This file contains the de-
tailed implementation of ROS observations translated into SOC
events, and also includes the implementation of calibration ac-
tivities defined through ICRs. We note that, depending on the
complexity of the activity, the calibrations may be represented
either as SOC events or directly as telecommand sequences.

The ESS_EVENT file, together with the ICRs and the Mis-
sion Information Base is used as input to another set of tools, the
SOC Commanding System (SCS) which is the system in charge
of centralising and generating the commanding requests from
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the SOC, merging ESS and IOT requests. The SCS interprets the
events and converts them into telecommand sequences according
to a set of SOC-defined rules based on the Mission Information
Base definitions, incorporating ICR-specific information when
required. The SCS also assigns the corresponding parameter val-
ues to the generated telecommand sequences. The resulting out-
put is encoded in the Payload Operation Request (POR) XML
format, a file used to schedule and automate telecommands. This
output file is packaged together with the PC delivery manifest,
forming the so-called Command Request File Group (CRFG)
product, which is the second operational product delivered to the
MOC at each PC.

4.3. SOC survey replanning

Section 2.5 described strategic survey replanning implemented
at the SOST level. However, sometimes there is the need for
a quick localised modification of the survey plan while in op-
erations, such as a one-off change that needs to be performed
quickly, sacrificing temporarily a small part of the scheduled
survey. These requests are studied and approved by the configu-
ration control board (CCB) and a corresponding ICR is issued.
Such modifications do not require a full-scale strategic replan-
ning and are implemented by the SOC with one of two proce-
dures:

— fast replanning, known as the palaeolithic approach;
— local optimised replanning, known as the neolithic approach.

In the palaeolithic approach, the change request is directly
implemented. For example a new list of calibration pointings is
requested to be observed at a given point in time, replacing the
scheduled observations. This results in spatial and time gaps in
the survey and no attempt is made to fill them. In cases where the
ICR specifies earliest and latest start times (i.e., it includes a tem-
poral margin), some level of performance optimisation is applied
by introducing the modification in a least-damaging period. For
this purpose, the ESSOT provides tools to find the worst figure
of merit (FoM) within the ICR time window to guide the user
selection. The spatial gaps introduced in this approach should be
recovered at a later time, through a strategic replanning of the
survey. This was the procedure followed to schedule the two de-
contamination campaigns. In the first campaign, the ICRs had
a time margin that allowed us to implement the decontamina-
tion activities in replacement of calibrations that did not need to
be rescheduled. In the second decontamination the ICR timings
were stricter and the removed observations were later scheduled
in a new RSD.

In contrast, the neolithic approach performs a local optimised
replanning of the replaced observations. It applies only to fixed-
time ICRs. The FoM of the replaced observations is compared
to their neighbours and worse-quality neighbours are replaced
by the removed observations that are thus reinserted with shifted
starting times.

5. PV phase

We turn now to the observations performed in the epoch before
the start of the RSD execution, which were implemented by the
SOC. A large part of these observations contribute to the DR1
data set, thus also being part of the Euclid surveys. The first pe-
riod after launch was the spacecraft commissioning. Most com-
missioning activities were not scheduled through standard SOC
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tools and lack metadata. They are therefore considered incom-
plete and are not included in DR1. Following spacecraft com-
missioning, in early August 2023, the PV activities of techni-
cal characterisation and calibrations started, with a two-month
plan of observations. Due to issues with the fine-guidance sen-
sor (FGS; Laureijs et al. 2024), the PV phase was paused at the
end of August 2023. It resumed a few days later, with tasks that
did not require high pointing stability. At the end of September
2023, the FGS was recommissioned and PV activities restarted
for an additional 2-month period until early December 2023.
The full PV schedule is given in Euclid Collaboration: Schirmer
et al. (2026a). It consists of 31 blocks of activities referenced as
CALBLOCK-PV-XXX, and one labelled CALBLOCK-F-014,
of which 11 fulfil VIS and NISP calibration products (PV-001
through PV-009, PV-035 and F-014), eight are tuned for NISP
calibration products (PV-010 through PV-019), and 12 for VIS
(PV-021 through PV-034). Three of the blocks are observed with
ROS (PV-005, PV-007, F-014), six with ROS-D1 (PV-001, 003,
004, 006, 023, and 035), and the remaining implement special
observing sequences using only one or both instruments.

5.1. PV phase implementation

Long before launch, a PV plan started to be prepared in the
form of a document associated with a timeline built using the
Excel software. This plan was used in feasibility studies con-
cerned with the total PV duration and the daily downlink volume,
among other parameters. Already before launch, the procedure
was changed to a fully electronic system that used the actual
SOC planning products in a feedback loop to the PV planning
process.

The mechanism to construct the PV phase timeline is based
on ICRs. Each calibration block is defined by the on-sky point-
ings and instrument commands, which constitute the required
inputs to the SOC planning tools. The pointings are generated
at the SOC, while the instrument commands are provided by
the two instrument teams through a dedicated interface based
on CSV files. For simplicity, most calibration blocks are devoted
to a single instrument, with a few exceptions that observe with
the ROS. From these inputs, the SOC generates the ICRs with a
tool written using the LabVIEW programming environment. One
ICR, or group of ICRs, is generated for each of the PV execution
blocks.

The next step is to build the PV plan, i.e., to order the cal-
ibration blocks on a common timeline. This is done by the PV
scheduler, a tool also written using the LabVIEW environ-
ment that in addition also permits the exchange of observational
conditions and targets. Building the PV plan is a highly con-
strained problem. The most stringent constraint is target visi-
bility in cases where specific targets are required and limited
visibility windows exist. We also needed to place fundamental
calibrations early in the schedule, since their calibration prod-
ucts were required for the data processing of higher-level ob-
servations (wavelength calibrations are a notable example). An
additional constraint comes from the interruptions every 28 days
through the SOPS windows that were also needed during PV. Not
only do they prevent the placement of long calibration blocks
that should not be interrupted, but they create a thermal impact.
In addition, there was the need for rescheduling either because of
failed observations, missed targets, deficient data quality, or ad-
ditional engineering observations. To ease their sequencing, cal-
ibration blocks were broken up into smaller functional and self-
consistent subsets called ‘variants’. 114 variants were created out
of the 31 executed PV CALBLOCKS. These helped in dealing

with rescheduling, multiple executions, interruptions by SOPS
windows or by other calibration blocks. The PV scheduler
could then combine variants to again form higher-level indivisi-
ble execution blocks. The final PV timeline contains 132 execu-
tion blocks.

The PV schedule is then fed into ESSOT that performs a time
consistency and constraints check. After removal of inconsisten-
cies and fine-tuning, the plan is fed into a LabVIEW visualisation
tool. The complex procedure of PV scheduling requires a very
flexible and accurate PV scheduler, and the recurrent prepara-
tion of a visual plan that allows communication of the updated
PV scheduling status to all stakeholders. During the four months
of PV, a total of ten sets of SOC planning products were pro-
duced in the form of SSR_FD files, operational products deliv-
ered to MOC flight dynamics for execution. In the end, the PV
schedule as executed made the most efficient use of Euclid ’s
in-orbit time, with almost no unused time gaps.

5.2. PVfields

The PV phase includes a very diverse set of observations. Ta-
ble 3 provides the list of fields that resulted from the valid ex-
ecutions of on-sky PV CALBLOCKS. In the table, the fields
are grouped by types. The first type consists of the ERO. ERO,
or CALBLOCK-PV-007, contains six science programmes, exe-
cuted in 17 fields, prepared to demonstrate Euclid ’s capabilities
in advance of the main mission, and constitute a first set of PV
science fields. These data, acquired in 24 hours using the ROS,
led to the public release of the first Euclid images in November
2023, and to a series of papers. The details of the six programmes
and their 17 fields can be found in Cuillandre et al. (2025) and
references therein.

The second type includes the ECSURV-defined observations
for survey validation (CALBLOCK-PV-005) and background
model characterisation (CALBLOCK-PV-006). The goal of the
former is to ensure early on that Euclid performs as expected,
that the deep field locations are without problems, and that
survey-like data volume can be processed on the ground. They
consist of one visit, executed with the ROS, to some of the EAFs
and EDFs prior to their visits scheduled in the RSD. The fields
selected for this programme were CDFS, COSMOS, EDF-S, and
two observations of EDF-N (one pass to the full field and one
pass to the central 3x3 tiles). The observations for characteri-
sation of the zodiacal background models provide data used to
validate the zodiacal model that guided the original choice of
the Euclid Rol (Maris et al. 2019, see also Euclid Collabora-
tion: Trombetti et al in prep.). The observations consist of three
sets of pointings scanning the ecliptic latitude at fixed values of
SAA, executed with ROS-D1. We note that each scan, consist-
ing of several pointings, has a single observation ID. In partic-
ular, there is a set of 22 pointings made with SAA = 9020, 13
pointings made with SAA = 95°0, and 13 pointings made with
SAA = 100?0. An additional set of 6 pointings, across the Galac-
tic plane at constant ecliptic latitude, was performed to estimate
diffuse star light contribution. The location of the 54 pointings
of the five sequences is shown in Fig. 8, and each one constitutes
a Euclid PV field.

The third type of observations consists of four calibrator
fields observations that contain the VIS/NISP-P (CALBLOCK-
PV-002) and NISP-S (CALBLOCK-PV-003) absolute photo-
metric standards, a LMC high-density stellar field for the VIS
astrometric solution (CALBLOCK-PV-023) and a compact PN
with strong emission lines for the NISP wavelength dispersion
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Table 3. Summary properties of the PV fields, grouped by type.

Type Field RA Dec CALBLOCKS No. ObsIDs
ERO 17 fields PV-007 25
CDFS 532118 -27281 PV-005 1
COSMOS 1502120 2?21  PV-005 1
EDF-S 612241 —48242  PV-005 1
Characterisation EDF-N 2692733 66202 PV-005 2
Scan-90 (z1-z22) 2702000 to 3102159 66256 to —23°51  PV-006 1
Scan-95 (z23-z35) 244°546 to0 3172293 80°00 to —26285  PV-006 1
Scan-100 (z35-z48) 2792438 to 3222841 81238 to —25°22  PV-006 1
Scan-Gal (s1-s6) 2579104 to 989221 75271 to =57232  PV-006 1
WDJ175318+644502 2682345 64276  PV-002 3
Calibrator GRW+70 2042650 70228 PV-003 5
VIS-AST-1 902000 -66°50 PV-023 2
SMC-SMP-20 142035 -70230 PV-009 5
aLyr 2792858 39250 PV-004 1
HD 165906 2712109 64283 PV-004 1
Stray light SL1 2792390 64282 PV-035 1
SL2 2682810 to 3142540 65929 to 48223  PV-035 7
SL3 2679977 t0 92276 66°61 to —78°25 PV-035 7
SL4 (2682445) (66°10) PV-035 1
SL5 (3142539) (73°42) PV-035 1
Selfcal-centre 2682813 65229 PV-001, 009, 016, 017,
019, 027, 028, 034, F-014 26
EUDF Selfcal-faint 2682000 65200 PV-011,012,014, 018,
021, 022, 024, 026, 027,
028, 029, 030, 031, 034 60
NEP 2702000 66256 PV-008, 018, F-014 22
EBF-06 2572790 19247 PV-028, 034 7
EBF EBF-08 432945 -17263  PV-022, 027, 028, 029, 034 10
EBF-10 3502268 1232 PV-022 1
EBF-12 02251 =75°21 PV-022, 029, 030, 031, 033 12
FGS LDN 1641 852754 —-8?39 OTHER 4

Notes. Each field may be observed for multiple purposes in different CALBLOCKS. The number of obsIDs is also given. One obsID may consist
of observations of one field or a sequence of fields, in which case the coordinate range of the sequence is given, or in some cases the median
point is given (in parenthesis). Most of the observations are done with special observing sequences, while some use the ROS, or the single-dither

ROS-D1. See text for details.

(CALBLOCK-PV-009) that will be re-observed in the RSD.
Most of these observations are ROS-like.

The fourth type contains the fields defined to defined to char-
acterize the various stray light (expected and parasitic). The in-
ternal stray light check observes bright stars with an ROS-D1
sequence (CALBLOCK-PV-004). The external stray light check
(CALBLOCK-PV-035) was a later addition to the PV plan, fol-
lowing the discovery of strong stray light from the Sun when
observing at the pre-originally planned solar attitude (Euclid
Collaboration: Mellier et al. 2025). this was aimed at sampling
the AA/SAA parameter space to identify a survey operational
range where the stray light is suppressed to a minimum. Five se-
quences of pointings were executed: SL1, with 13 observations
in the same position with different AA values; SL2 and SL3,
each consisting of a sequence of seven pointings with different
SAAs each executed with seven AA values; SL4, a sequence of
17 pointings each executed with two AA values; and SL5, a se-
quence of 88 single pointings. PV-035 defined 120 fields in total,
which are shown in the full sky map of Fig. 8.

The fifth type are observations made close to the North eclip-
tic pole (NEP) in the Self-calibration field, and in some cases
pointing off-centre to an area within the field with lower density
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of bright stars (SelfCal-faint). Some of the observations are done
off-sky, some on-sky and some have a sequence of both. These
repeated visits to the NEP area, together with the recurrent visits
to the Self-calibration field in the RSD, will result in the EUDF.
The EUDF is currently being built with a dedicated data process-
ing pipeline with data from PV-001 and F-014 PV observations,
and from F-001 RSD observations (McCracken et al in prep.).

From Euclid’s orbit, the NEP region can only be observed
with SAA close to 90°. The set of Euclid Blank Fields (EBFs)
was defined by looking for alternative regions with low density
of bright stars. They were selected to have a minimal density of
stars brighter than 12 mag, and located at lower ecliptic latitudes,
hence observable with different values of SAA. Some instrument
calibrations, including additional observations of CALBLOCKS
also executed in Selfcal-faint, were performed in four of these
fields. This set of fields, defining the sixth type of PV fields, was
no longer used in the RSD due to FGS guiding problems in the
sparse fields and was replaced by Selfcal-faint.

Finally, there are the observations introduced for specific
purposes outside the PV scope. In order to distinguish these from
the regular PV observations they were given a dedicated ID, la-
belled ‘OTHER’, already at the moment of scheduling. Most of
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Fig. 8. The 174 fields observed in the ten PV-006 and PV-035 sequences, in a full-sky map in the equatorial frame rotated around the central point
(RA = 120°, Dec = 0°) to improve the visibility of the polar regions. The orange line shows the ecliptic and the blue line the Galactic plane. The
pink background shows the Euclid Rol. The 48 ‘z’ pointings from PV-006 scan the ecliptic latitude in three sequences each with a constant SAA,
while the six ‘s’ pointings, also from PV-006, scan the Galactic latitude. The fields from the five PV-035 sequences are labelled SL1 through SL5.
Most of them lie on the blue strip on the north, and are too crowded to label individually.

these special engineering observations are not included in DR1,
with the exception of the dark cloud LDN1641, an extended
dust-obscured part of the Orion A Cloud. This observation was
made as part of the recommissioning of the FGS and ended up
forming another PV science field. This field was already released
as part of Q1 (Euclid Collaboration: Aussel et al. 2026a).

All these fields are part of DR1 as LE1 data. However, PV
LE2 data cannot be obtained with the standard SGS processing.
For this reason, the only PV fields present in LE2 data are the
Self-calibration (PV-001 and F-014 observations only) and COS-
MOS (PV-005).

6. PDC campaign

The PV phase was followed by the PDC campaign. The ratio-
nale for this specialised calibration campaign is that the VIS PSF
depends on the telescope optical path errors that vary with the
thermo-elastic state of the spacecraft. In each pointing of the sur-
vey, the Sun illuminates the sunshield from a slightly different di-
rection, primarily associated with variations in SAA and AA so-
lar angles, producing a thermo-elastic variation of the spacecraft
elements, including the position and shape of the telescope opti-
cal surfaces. In addition to the attitude of the spacecraft, the in-
ternal dissipation caused by the instrument cadence also greatly
affects the thermo-elastic status of the telescope (Euclid Collab-
oration: Anselmi et al. 2026). These time-varying modulations
result in a slightly different set of telescopes, where deviations
from the reference fiducial telescope model translate into PSF
variations. There is thus the need to perform observations with
the aim of obtaining an accurate model of the in-orbit optical
wavefront model of the telescope and its variation with the ther-
mal state of the payload module. The procedure is performed

by applying the so-called phase diversity technique, described
in Euclid Collaboration: Schirmer et al. (2026a). The resulting
wavefront error (Neumann et al. 2026) can be used to construct
a basis set of models that may then be fitted to other data (Euclid
Collaboration: Miller et al. in prep.).

6.1. PDC campaign implementation

The PDC campaign observation programme requires sampling
of the space of spacecraft attitudes, and needs much more ob-
servations than those possible in the time allocated for the PV
phase (where a first CALBLOCK-PV-008 phase-diversity test
was performed). Indeed, the observing campaign lasted for about
70 days, until the start of the RSD execution on 14 February
2024.

6.1.1. PDC calibration fields

The observation plan of the PDC campaign consists of seven
runs of observations, labelled PDC-2 through PDC-8, with a
first run, PDC-1, previously executed during the PV phase on
the NEP. Each run is performed in a different and fixed thermal
state and focus conditions and with the instruments operated at a
constant cadence. The requirement on thermal stability was de-
fined as a less than 10-mK variation during out-of-focus observ-
ing sequences, and less than 60-mK variation for in-focus obser-
vations. In terms of solar attitude it was also verified that SAA
variations have a greater thermal impact than AA variations, in
agreement with Euclid Collaboration: Anselmi et al. (2026).
Within the stringent requirements of maximum SAA drift,
four runs were implemented with sequences of out-of-focus VIS
observations taking 3.2 days each, with the exception of PDC-5
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Table 4. Summary properties of the PDC calibration fields.

Field RA Dec Run Duration Focus
[days]
NEP 270°00 66°56 PDC-2 3.2 out
PDC-3 3.2 out
PSF-24 265°07 71°35 PDC-4 1.25 in
PDC-5 3.2 out
Polarised  328°00 70°76 PDC-5 3.2 out
PSF-16 59225 -55°16 PDC-6 3.2 out
PSF-10 221247 67°43 PDC-7 1.25 in
PSF-23 87°60 -47°50 PDC-8 1.25 in

Notes. Run PDC-5 was the longest one, since it included observations
of two low- and high-polarisation fields. The last column indicated if
the observations were taken in-focus or out-of-focus.

o
PDC run

Fig. 9. Visibility windows for the seven runs of PDC-2 through PDC-8,
on a full-sky map in the ecliptic frame. Each visibility window is shaped
as a blue-shaded stripe 7° wide at the ecliptic and is computed for a spe-
cific value of the relevant input parameters (SAA, duration, and starting
date). The set of PSF fields, potential targets for the calibration part
of the run, are shown as red dots. Orange dots, which are distinctively
denser in the Galactic plane, represent stars. The runs are designed to
avoid pointing to bright stars in the stripes.

that contained two sets of observations, one in a low-polarisation
and the other in a high-polarisation field. The remaining three
runs implemented sequences of in-focus VIS observations of
1.25 days duration. The implementation was made by the SOC
through the ICR mechanism. Whenever possible, the observa-
tions were made in the set of predefined PSF VIS fields used in
the regular VIS PSF calibration observations during the EWS.
An additional ‘polarised’ was defined, as well as a new PSF
field at high ecliptic latitude (PSF-24) to ensure visibility to per-
form the tandem-sequences of PDC-5. NEP was used in PDC-2
and PDC-3 when no PSF field was visible. The PDC calibration
fields used in this campaign are listed in Table 4.

6.1.2. PDC science fields

The stability in the thermal conditions required in the PDC cam-
paign is much stricter than that used in standard EWS observa-
tions. It is thus necessary to allocate thermal stabilisation periods
before each calibration run, where the spacecraft keeps its solar
attitude fixed at the target SAA/AA value used in the subsequent
calibration sequence. The first runs empirically confirmed the
optimal duration of the thermal stabilisation period to be 7 days.
The total thermalisation period is thus 50 days, accounting for
70 % of the duration of the PDC campaign.

The requirement of observing with a fixed attitude during 7
days with an imposed starting date, translates into the visibility
windows shown in Fig. 9, one for each run. Those windows in-
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dicate that viable observing strategies must point along circles
at a constant angle to the Sun. With the sky drifting roughly 1°
per day, an ROS taking 1/20th of a day, and Euclid’s FoV being
0 degrees wide depending on its orientation (with 6 between 027
and 1°0), a contiguous survey can be obtained by returning to the
same ecliptic latitude b after 200/ cos b ROSs (with each new
ROS stepping a full field along the meridian, to arrive at nom-
inal EWS depth), or after 20 /(N cos b) ROSs for N times the
depth (by stepping 1/Nth of a field). In other words, the shorter
the height of a patch of FoVs the larger the overlaps.

These constraints make it impractical to use the thermal sta-
bilisation periods to start building the EWS, since the observa-
tions would be made in isolated patches difficult to connect later
on with the EWS RSD progression. Moreover, the observations
would be less efficient, with larger overlaps and heterogeneous
depth. Alternative proposals that would benefit from the oppor-
tunity of taking multiple exposures in a confined region, adjusted
to the natural drifting of the sky in the telescope frame, had to be
considered.

The observations of the PDC science programmes were im-
plemented by the SOC using a purpose-modified version of the
ESSOT scheduling tool. In particular, a new patch-scheduling
strategy was developed to automatically generate sequences of
FoVs with large overlaps in user-defined patches. The FoVs are
observed with the ROS and follow a time sequence that keeps
SAA and AA constant during the 7-day run, defining a patch
with height strongly correlated with its width and depth. More-
over, for the same height, patches at higher ecliptic latitudes have
larger FoV overlaps. As mentioned before, shorter patches have
larger FoV overlap, but this results in a heterogeneous depth
across the patch, with varying coverage from the borders to the
inner regions. This led to the introduction of a further constraint
when defining the survey strategy, namely ensuring the coverage
variation across a patch to remain below approximately 30In ad-
dition to developing this new patch-scheduling strategy, ESSOT
also implemented a mechanism to avoid bright stars, and created
a new feature of tilted patch geometry.

When executing the first run, PDC-2, a sudden drop of
around 60 mK occurred in the base-plate temperature when start-
ing the VIS calibration sequence. This was found to be caused by
turning off NISP, that had been active in the thermalisation pe-
riod for ROS observations of the first PDC science field. In the
second run, PDC-3, ROS was again used in the first pointings of
the thermalisation period, but was soon turned off in advance of
the next calibration sequence. NISP was kept off during the ther-
malisation periods of all the subsequent runs that included out-
of-focus observations. In result of this, the ROS was only used
during the thermalisation periods that preceded the in-focus-only
sequences, where the thermal constraints are weaker (runs PDC-
4, 7, and 8). This measure had a significant impact on Euclid
Medium-Deep Survey (EMDS) where only two of the five fields
have NISP data.

The selection process of the PDC science fields is described
in Sects. 6.2 to 6.4. Three scientific programmes were defined
and executed: the EMDS; the ILS field; and the Euclid Eclip-
tic Survey (EES). The three programmes provided seven Euclid
PDC science fields, with the EMDS comprising five of the fields.
Table 5 summarizes the seven PDC science fields and their prop-
erties computed from the DR1 LE2 data. One pass is defined as
one 4-dithered sequence, either ROS or VIS depending on the
field, 1 ObsID corresponds to a 4-dithered sequence, and the
depth is given in number of passes. The total area covered by
at least 1 pass in VIS is 119 deg?, while the total area covered by
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Table 5. Summary properties of the seven PDC science fields.

Survey Field RA Dec Run SAA AA No. ObsIDs Depth  Area Area  Seq.
median 1 pass 4 passes
[deg’]  [deg’]

ILS ILS-WAVES-S 355¢7 -31°2 PDC-2 89?7 -425 135 1.5 26.5 0.0 ROS
EMDS-WAVES-S 822 -30°7 PDC-3 902 -6°0 132 4.3 14.0 9.8 VIS
EMDS-HSC-HL-1 20829 43?5 PDC-5 9723 =325 134 43 14.1 10.0 VIS

EMDS EMDS-HSC-HL-2 2372 4422 PDC-6 8723 -325 143 4.7 12.3 9.2 VIS
EMDS-HSC-HL-3 214°7 4423  PDC-7 10709 -4%5 140 2.8 13.4 3.6 ROS
EMDS-HSC-HL-4 23022 4326 PDC-8 10122 —4°5 137 3.0 10.9 3.8 ROS

EES SSO-ECLIPTIC 9?8 4?2 PDC-4 959 -820 149 35 16.8 4.5 ROS

Notes. Columns include the coordinates of the centres of the fields and the values of the solar angles fixed in the run. One pass is a 4-dithered
sequence (either ROS or VIS-only, depending on the field), and corresponds to 1 obsID. The median number of passes across the field in the field’s
observing sequence, the area covered by 1 pass and the area covered by at least 4 passes, in the field’s observing sequence, is also given, as well

as the observing sequence.

at least 1 pass in NISP is a significantly lower 71 deg®, leading
to a total area of 68 deg? covered by at least 1 pass in ROS.

6.2. The Euclid Medium-Deep Survey

The Euclid Consortium’s survey scientist at the time had since
long advocated the usefulness of Euclid having an intermediate
survey, 1 magnitude deeper and 1 order of magnitude smaller
than the EWS. This idea from the start dubbed a ‘medium deep
survey’ would fill the gap between the EDS and the EWS, since
the former is 2 magnitudes deeper and over two orders of mag-
nitude smaller than the latter. Such a survey would be achieved
with six ROS visits (five additional visits to the one executed by
the EWS) over an area of at least 500 deg?.

The PDC thermalisation periods offered a unique opportu-
nity to make repeated visits of the same area, and implement this
long-standing proposal, in spite of not being sufficiently long to
enable the coverage of the large area originally intended. It was
thus a question of finding the right latitude and patch height to
achieve the desired depth. On the other hand, the possible lon-
gitudes are constrained by the time of the observing runs, i.e.,
by the visibility windows of Fig. 9, which also implies that the
survey cannot be contiguous but will need to be spread over sep-
arate fields.

An additional input to the problem of finding the optimal lo-
cation for the EMDS fields is the fact that, as in the EWS, Euclid
data need to be complemented with ground-based photometric
data to be maximally useful. An extra requirement on the EMDS
is therefore the presence of suitably deep multi-band surveys.
This was largely achieved by leveraging the Hyper Supreme-
Cam Subaru Strategic Programme (HSC-SSP) in the North (Ai-
hara et al. 2018), and the Kilo-Degree Survey (KiDS-VIKING)
in the South (de Jong et al. 2013). Both surveys add depth to
the ground-based external data gathered for the EWS, and also
form the basis for major spectroscopic surveys, with the Sub-
aru Prime Focus Spectrograph (PFS) in the north (Takada et al.
2014) and the Wide Area VISTA Extragalactic Survey (WAVES)
on the 4MOST spectroscopic facility in the south (Driver et al.
2019). Fortunately, these two surveys consist of long constant-
declination strips on the sky, providing available fields at a wide
range of ecliptic longitudes.

The EMDS programme was allocated in five of the
runs, defining the five separate fields listed in Table 5,
four overlapping the HSC-SSP high latitude area and one

in the KiDS-VIKING region. Observations started in the
south during the PDC-3 run, from 2023-12-13T10:19:22
to 2023-12-20T06:31:46, and then moved to the north-
ern strip during runs PDC-5 to PCD-8, in the follow-
ing observing epochs: 2024-01-02T00:18:02 to 2024-01-
08T22:57:48; 2024-01-15T13:31:43 to 2024-01-22T06:02:13;
2024-01-26T00:45:01 to 2024-02-02T00:34:55; and 2024-02-
03T11:52:19 to 2024-02-10T11:34:15.

The five EMDS fields are shown in Figs. 10 and 11, over-
laid on the ground-based target areas. Their footprints show
the individual VIS and NISP pointings computed with DR LE1
data. This choice highlights the difference between the LE1 and
LE2 contents. For instance, EMDS-WAVES-S, the left field in
Fig. 11, shows a number of NISP-only exposures on the edge of
the field, that are not present in LE2 that only contains the ROS
pointings for this field. These correspond to the first 13 pointings
of the PDC-3 run that were still executed with NISP before being
turned off.

The four EMDS-HSC fields, shown in Fig. 10 were named
following the observing order, which does not follow an ordered
sequence of longitudes due to the non-monotonic sequence of
SAA values used in the runs. The fields observed in the two final
runs, EMDS-HSC-HIGHLAT-3 and 4, are the only ones where
NISP was turned on. Unfortunately, their 4-pass areas are signif-
icantly smaller than the 4-pass areas of the other EMDS fields.
This happens for three reasons. On the one hand, the total over-
lap in exposures of two instruments is naturally smaller than the
overlap of exposures of a single instrument. On the other hand,
both runs experienced instrument outages that led to the loss of
VIS data in around 25 obsIDs and NISP data in around 28 ob-
sIDs in each run. In addition, these two fields are also the tallest
ones, i.e, the most extended ones in ecliptic latitude. This im-
plies that the resulting overlap between FoVs is smaller than in
the shorter fields. This effect is striking in Fig. 11, which shows
the two Euclid PDC WAVES-S fields, the EMDS and the ILS
(see Sect. 6.3). The ILS field is a much taller patch, resulting in
larger offsets and in a much smaller multiple exposed area.

In summary, the area with at least 4 times the depth of the
EWS observed in both VIS and NISP in the EMDS only amounts
to 7.3 deg2 (see Table 5). In contrast, the total area of the EMDS
covered with at least 4 passes in VIS is 43 deg?, while the total
area of the EMDS covered with at least 1 pass in VIS is 67 deg?.
Both depth and area are far from those originally proposed for an
EMDS. At the moment, there are no defined plans for the con-
tinuation of this survey, except the fact that all five fields will be
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Fig. 10. Layout of the four EMDS fields in the northern sky. From left to right: EMDS-HSC-HIGHLAT-2; EMDS-HSC-HIGHLAT-4; EMDS-
HSC-HIGHLAT-3; and EMDS-HSC-HIGHLAT-1. VIS exposures are plotted in blue and NIR exposures in red, with a small offset for clarity. The
area with available HSC-SSP data is indicated in orange. Note that unlike for the EWS, there is considerable overlap between exposures, resulting

in the over 4 times deeper exposure time in VIS.
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Fig. 11. Layout of EMDS-WAVES-S (left) and ILS-WAVES-S (right)
in the southern sky at similar ecliptic latitude. The area with KiDS-
VIKING data is indicated in orange. Note that the ILS field is a taller
patch with larger offsets (50 % overlaps between tiles), resulting in an
exposure time that is roughly double than that of the EWS, while the
larger overlaps of the EMDS field result in a larger exposure time that
is over 4 times that of the EWS.

observed one more time as part of the EWS, some for DR2 and
others for DR3, depending on future RSD replanning. Exposure
maps of the seven PDC science fields, produced with DR1 LE2
data, are shown in Appendix A.

6.3. The ILS field

The two ILS scientists were granted a slot in thermalisation
blocks 2 or 3 to propose a joint science programme. The field
selection was made by consensus between the ILS scientists.
Its properties were defined so that the field is part of the
4MOST/WAVES Wide South spectroscopic survey (Driver et al.
2019), which has previous u-, g-, r-, i-, Z-, Y-, J-, H-, and K;-
band imaging coverage by the VIKING (Edge et al. 2013) and
KiDS surveys (de Jong et al. 2013; Wright et al. 2024) on VISTA
and VST respectively, and that it should include members of a
nearby young open cluster. The pre-existing, moderate-depth Y,
J, and H imaging can be used for proper motions and a high
density of redshifts will be obtained by the WAVES survey. The
ILS programme aligned with the WAVES survey is primarily to
study dwarf galaxies in the local cosmological volume using Eu-
clid’s imaging for detection and characterization of low-surface
brightness galaxies. This is complemented by the WAVES Wide
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Fig. 12. ILS field covered in all Euclid bands except in the labelled
areas. The field intersects the Blanco 1 open cluster tidal radius.

survey prioritization for obtaining spectra of galaxies at redshifts
< 0.2. A second Euclid epoch is scheduled for DR3, when the
field will be observed as part of the EWS.

The observations were performed from 2023-12-
03T02:04:48 to 2023-12-10T02:22:58 in the PDC-2 run.
The area covered by any number of exposures is 35.6 deg?, the
area covered by at least 1 ROS is 26.5 deg” (see Table 5), and the
depth is 1-2 x ROS depth (1.5 for ROS and 1.75 for VIS-only
exposures). The sequence of observations included 135 obsIDs,
with two pointings missing in VIS, 16 in Y%, 16 in J;;, and 15 in
H;, as shown in Fig. 12.

This programme managed to cover part of the nearby (dis-
tance 234 pc) Blanco 1 open cluster’s corona and tidal tails and
nothing of its core. Ten new comoving substellar-mass ultracool
cluster member candidates have been identified using the Euclid
photometry and spectra, and proper motions determined by com-
parison with ground-based imaging. These results extend the
cluster sequence to cooler temperatures and fainter luminosities,
build up on previous identifications of ultracool dwarfs based
on ERO (Martin et al. 2025) and Q1 (Zerjal et al. 2026) data,
and demonstrate the potential of Euclid to cover large area with
deep observations that are crucial to reveal the very low mass
population of nearby open clusters, particularly in the tidal tails.
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2.4 deg

8.6 deg

Fig. 13. Observing strategy of the EES, which starts on the rightmost
squares on 23 December 2023 (black) and ends on the leftmost squares
on 31 December 2023 (pink). The approximate centre point is on the
ecliptic (horizontal line) at the ecliptic longitude of 1027. Each square
corresponds to a single VIS exposure. Ecliptic longitude increases from
right to left, and the ecliptic latitude increases from bottom to top (eclip-
tic north is up). The Moon is displayed for scale.

More observations of this cluster are needed for full coverage
and proper motion studies of substellar candidate members.

6.4. The Euclid Ecliptic Survey

The remaining thermal stabilisation period was allocated to per-
form a survey on the ecliptic plane. The on-sky distribution
of Solar System objects (SSOs) is heavily skewed towards the
ecliptic plane. Based on the expected Euclid footprint, it has
been estimated that about 150 000 SSOs would be observed dur-
ing the EWS (Carry 2018). The estimate is, however, dependent
on the actual size-frequency distributions of SSO populations
and ecliptic latitude excursion of the survey. It was nevertheless
clear that observing closer to the ecliptic plane would signifi-
cantly increase the number of SSOs detected in each field. The
Euclid Science Working Group SSOs therefore proposed a PDC
survey focusing on the ecliptic plane.

The Euclid Ecliptic Survey, the PDC survey for SSOs, was
designed to maximise the number of observations of SSOs, both
in number of objects and in number of detections per object.
During the campaign, from 2023-12-23T20:36:57 to 2023-12-
31T14:18:20 in run PDC-4, the telescope was pointed at, or very
close to, the ecliptic plane and approximately followed the aver-
age motion of objects in the main asteroid belt, thanks to the high
overlap observing strategy implemented, which ensures that the
asteroids are seen in as many exposures as possible (Fig. 13).
This strategy allowed us to detect more SSOs and extract more
astrometry over a longer timespan, as well as denser, longer ro-
tational lightcurves, than would be possible in the EWS, which
avoids the ecliptic plane and typically produces four detections
of each moving target in its ROS observations. The total area
covered by any exposure is about 19 deg?, while roughly 17 deg?
are covered by at least 1 ROS (see Table 5).

The outcome of the EES is presented in two papers. Pontinen
et al. (in prep.) presents the survey and the extraction of astrom-
etry and photometry of about 4000 trailed moving objects (virtu-
ally all interior to Jupiter’s orbit) from VIS exposures with tools
developed for that particular task (Pontinen et al. 2020) as well as
NISP photometry for the same objects. The data allow us to test
current knowledge on the orbit, size, and VIS/NISP taxonomic
distributions beyond the completeness level reached by the other
contemporary surveys. The other paper (Irureta-Goyena et al.
2026) describes extracted lightcurves from the streaks of 2321
known asteroids detected by Pontinen et al. (in prep.), 93 % of

which lack information about their rotation periods. Comparing
to asteroids with rotation periods reported in the literature, they
found that 98 % of the rotation periods extracted from EES agree
to within 15 % of the rotation periods found in the literature.
While the large majority of the asteroids analysed have rotation
rates in agreement with the typical ranges for their physical size,
there are also 16 superfast rotators with orbital periods shorter
than the canonical 2.2 hour spin barrier.

7. Conclusions

We have presented the status of the Euclid surveys in the DR1
data release of 12 November 2026 (Euclid Collaboration: Aus-
sel et al. 2026b). DR1 is the first major Euclid data release, fol-
lowing the Early Release Observation of 23 May 2024 (Cuillan-
dre et al. 2025), consisting of PV-007 data, the Quick Data Re-
lease Q1 of 19 March 2025 (Euclid Collaboration: Aussel et al.
2026a), consisting of data from one visit to each of the EDFs
and the LDN 1641 dark cloud, and the Quick Data Release Q2
of 24 June 2026 (Beaulieu et al. 2026), consisting of the Euclid
Galactic Bulge Survey.

Euclid surveys refer to the various components of the overall
programme that are executed during the three main phases of the
mission, namely, the PV phase, the PDC campaign performed in
the early science operations phase, and the much longer science
operations phase, dubbed in this paper the RSD phase. The fo-
cus of this paper is on the survey implementation procedures ap-
plied in the three phases by both the Euclid Consortium and the
SOC, as well as on the scheduling properties of the Euclid fields
defined by the various survey components. The Euclid surveys
are summarised in Fig. 14 and in Table 6. Figure 14 shows the
location and extent of all Euclid fields included in the DR1 data
release, while Table 6 provides a summary of the contents, epoch
of observation, and scheduling procedure, of the Euclid surveys,
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Table 6. The Euclid Surveys at DR1.

Survey component Epoch  Contents Procedure  Scheduled Release
notes notes
Wide survey RSD  EWS tiles ECTile  2639deg® 2099 deg’ (LE1), 1900 deg® (LE2)
Deep survey RSD  EDF-N, EDF-S, EDF-F ECTile 7EDF-N  28%, 22%, 4% of final depth
visits lost
PV EDEF-N, EDF-S ICR not included in LE2
Auxiliary fields RSD  COSMOS, CDFS, AEGIS ECTile 36%, 100%, 100% of final depth
PV COSMOS, CDFS ICR only COSMOS in LE2
Calibration fields RSD Self-calibration, PN, PSFs ECTile
PV Self-calibration, EBFs, ICR only PV-001 and F-014 in LE2
calibrators, LDN1641 LDN also in Q1
PDC PSFs ICR defocus
PV science fields PV PV-006, PV-007, SLs ICR not in LE2, PV-007 also in ERO
PDC surveys PDC  EMDS ESSOT 64.7 deg?®, of which 36.4 deg® with 4 passes
ILS field, EES ESSOT 26.5 deg?, 16.8 deg”

Notes. For each survey component, the table indicates the observation epochs, its fields, and the scheduling procedure applied. Information is
given on the EWS area variation between RSD-scheduled, LE1, and LE2, as well as on the DR1 depths of the EDFs and EAFs. The ROS-observed

areas of the PDC surveys are given and some release notes on the PV fields are included.
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Appendix A: Exposure maps
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Fig. A.1. DRI exposure maps of the Euclid Deep Fields per instrument. The depth is given by the number of single dither exposures per pixel.
The scale includes a quartile bar, with the lower tick showing the first quartile (the median of the lower half of the exposure values), the middle
tick showing the second quartile (the median of the full set of values), and the upper tick showing the third quartile (the median of the upper half
of the exposure values). The box within the bar shows the inter-quartile range, i.e., the spread of the middle half of the points.
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Fig. A.2. Same as Fig. A.1 but for the Euclid Auxiliary Fields.
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Fig. A.4. DRI exposure maps of the PDC science fields. The depth in each pixel is given by the minimum number of 4-dither exposures between
the VIS and NISP counts (for fields observed with ROS), or by the number of 4-dither VIS exposures (for fields only observed with VIS).
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Appendix B: Acronyms and Glossary

Table B.1. List of acronyms used in this paper with a glossary of terms.

Acronym Definition Glossary

AA a angle Euclid’s roll angle

AEGIS AEGIS strip EAF for colour gradient calibration

BGS Blue grism The shortest wavelength grism in NISP

CalF Calibration Framework The repository of calibration specifications

CCB Configuration Control Board A group that approves changes to a system

CDFS Chandra Deep Field South EAF for photometric redshift calibration, within EDF-F

COSMOS  Cosmos Evolution Survey EAF for photo-z and colour gradient calibrations, at the edge of the Rol
CPC Completeness and Purity calibration  Visits to EDFs with different orientations to decontaminate the spectra
DES Dark Energy Survey Provides ground-based data in the southern sky

DR1 Data Release 1 The first large Euclid DR, including roughly 2000 deg® of EWS

EAF Euclid Auxiliary Field Well-known fields that Euclid visits multiple times

EC Euclid Consortium Instruments building, scientific data processing, and exploitation
EDF-F Euclid Deep Field Fornax The smallest field of the EDS

EDF-N Euclid Deep Field North The most accessible field of the EDS, in the NEP

EDEF-S Euclid Deep Field South The largest field of the EDS

EDS Euclid Deep Survey The deep tier of the Euclid surveys

EES Euclid Ecliptic Survey Survey of Solar System objects made in PDC thermalisation time
EGBS Euclid Galactic Bulge Survey A survey made expressly for Q2

EMDS Euclid Medium-Deep Survey Tentative intermediate depth tier made in PDC thermalisation time
ERO Early Release Observations The very first Euclid data release

ESS Euclid Survey System SOC mission planning subsystem

ESSOT ESS operational tool ESS tool that generates an OSS from an RSD and also generates SSRs
EST Euclid Science Team Team supporting the project scientist in maximising the scientific return
EUDF Euclid Ultra-Deep Field The deepest Euclid field in preparation

EWS Euclid Wide Survey The main component of the Euclid survey

FGS Fine-Guidance Sensor A dedicated instrument to find guide stars

FWA Filter-wheel assembly Rotating device that holds multiple filters

GWA Grism-wheel assembly Rotating device that holds multiple grisms

ICR Instrument Commanding Request IOT input to specify low-level instrument commands on the OSS

ILS Independent Legacy Scientist Two scientists external to the EC with selected rights to Euclid data
10T Instrument Operation Team Two EC teams for operational support and monitoring of the instruments
LE1 Level 1 Raw uncalibrated data, processed by SOC from raw spacecraft telemetry
LE2 Level 2 Calibrated and co-added images and spectra, processed by EC SGS PFs
MOC Mission Operations Centre ESA, executes the operations and controls the spacecraft

NEP North ecliptic pole Always visible to Euclid, location of the EUDF

NISP NIR Spectrometer and Photometer Instrument, near-infrared wide-field imager and spectrometer

0SS Operational Sky Survey Operational survey generated with ESSOT from an RSD and ICRs

PC Planning cycle The interval between two SOPS windows, duration of an SSR

PDC Phase-diversity calibration In-flight calibration campaign for the wavefront model of the telescope
PF Processing Function Specialized EC SGS data processing pipelines

POR Payload Operations Request Low-level operational product generated with SCS from OSS for MOC
PV Performance-Verification Early operations phase for in-flight characterisation of the instruments
Ql Quick Data Release 1 DR not suited for cosmology with data from 1 pass on each EDF

Q2 Quick Data Release 2 DR not suited for cosmology with data from the EGBS

RGS Red grism The two longest wavelength grisms operating in NISP

Rol Region of Interest The extragalactic sky where the EWS is built

ROS Reference Observing Sequence Observing sequence used in EWS, EDS, and EAFs observations

RSD Reference Survey Definition Schedule of pointings and slews for science operations made by SOST
SAA Solar aspect angle Euclid’s pitch angle

SCS SOC Commanding System SOC subsystem that generates telecommands for a planning cycle

SGS Science Ground Segment (EC) Produces the science-ready calibrated images and source catalogues
SOC Science Operations Centre ESA, mission planning, monitoring, LE1 processing, and archive

SOPS Special Operations Periodic time window allocated spacecraft and orbit mainenance

SOST Survey Operations Support Team The survey scientist’s EC team that produces the RSDs for SOC

SSR Survey Schedule Request High-level product generated from an OSS with ESSOT for MOC
UNIONS UV NIR Optical Northern Survey Provides ground-based data in the northern sky, from three observatories
VIS Visible instrument Instrument, wide-field optical imager
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