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ABSTRACT

Euclid is a mission of the European Space Agency, designed to constrain the properties of dark energy and gravity via weak gravitational lensing
and galaxy clustering. It will carry out a wide area imaging and spectroscopy survey (the Euclid Wide Survey: EWS) in visible and near infrared
bands, covering approximately 15 000 deg2 of extragalactic sky on six years. The wide-field telescope and instruments are optimized for pristine
PSF and reduced straylight, producing very crisp images.
This paper presents the building of the Euclid reference survey: the sequence of pointings of EWS, Deep fields and Auxiliary fields for calibrations,
and spacecraft movements followed by Euclid as it operates in a step-and-stare mode from its orbit around the Lagrange point L2.
Each EWS pointing has four dithered frames; we simulate the dither pattern at pixel level to analyse the e↵ective coverage. We use up-to-date
models for the sky background to define the Euclid region-of-interest (RoI). The building of the reference survey is highly constrained from
calibration cadences, spacecraft constraints, and background levels; synergies with ground-based coverage are also considered. Via purposely-
built software, we first generate a schedule for the Auxiliary and Deep fields observations. On a second stage, the RoI is tiled and scheduled with
EWS transit observations, with an algorithm optimized to prioritize best sky areas, produce a compact coverage, and ensure thermal stability.
The reference survey RSD_2021A is the optimized result of a modern survey design. It fulfills all constraints and is a good proxy for the final
solution. The current wide survey covers ⇡ 14 500 deg2. The limiting AB magnitudes (5� point-like source) achieved in its footprint are estimated
to be 26.2 (visible) and 24.5 (near infrared); for spectroscopy, the H↵ line flux limit is 2⇥10�16 erg�1 cm�2 s�1 at 1600 nm; and for di↵use emission
the surface brightness limits are 29.8 (visible) and 28.4 (near infrared) mag arcsec�2.

Key words. cosmology – space vehicles – dark matter – dark energy – survey – all sky
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2 CALIBRATION REQUIREMENTS

CALBLOCK-F-001 Observe the Self Cal pattern of points regularly, at a give cadence. The Self Cal pattern
is made of 60 pointings (listed in appendix A). A single pass of observation of a pattern
is made by centering the FoV with each pointing.

Pointings of a single pass must be all observed with the same, arbitrary, orientation.
Different passes may be observed at different orientations.

Pointings of a pass may be observed in any order.

The pattern must be observed at a cadence of 25 to 40 days.

Schedule time allocation is [1012] seconds, per pointing.

Note 1: Orientation of a pass may be chosen to suite the pass average timestamp.

Note 2: The 60 pointings of the pattern are clustered in groups of 4, around the Self

Cal centre (R.A./DEC of 268.625, +65.600).

CALBLOCK-F-002 Observe the three deep fields repeatedly, up to 6 times the S/N of the average wide
survey. The deeps fields are: deep-field north (EDFN), deep-field south (EDFS), and
deep-field Fornax (EDFN). Each pass must observe a deep field completely, covering the
fields shape with a tessellated pattern (with no inner holes). Fields in the tessellated
pattern must overlap the same amount as in the wide survey (see MOCD-A).

The shape, centre, and number of passes required for each deep-field are given by:

Field shape R.A Dec passes

EDFN 10 deg2 circle 269.7372 66.025 30

EDFS 23 deg2 stadium 66.7876 �49.582 35

EDFF 10 deg2 circle 52.9386 28.104 52

(see appendix B for description of stadium shape)

The total observed area of the deep-fields must grow at the same (approximate) pace
as the total area of the wide survey.

Schedule time allocation is [{22}996�996�996�1006] seconds, (ROS), per pointing.

CALBLOCK-F-003 Observe two CPC fields 10 times each, at constrained orientations. The CPC fields are
the CPC-north (CPC-N) and the CPC-south (CPC-S). Each pass must observe the CPC
completely, covering the fields shape with a tessellated pattern (with no inner holes).
Fields in the tessellated pattern must overlap the same amount as in the wide survey
(see MOCD-A).

The shape, centre, and number of passes required for each CPC field are given by:

Field shape R.A Dec passes

CPC-N 20 deg2 circle 269.7372 66.025 10

CPC-S 23 deg2 stadium 66.7876 �49.582 10

(see appendix B for description of stadium shape)
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Survey status at MKP 
We have a complex machine with solutions 
which are able to meet all constraints on:
• SNR (use models for backgrounds)
• S/C angles
• dithers
• SOP time
• smooth changes of S/C attitude
• calibrations
• deep fields
• auxiliary fields
• 96% of the wide (~14350 sq deg)

Inputs: MOCD-A, CalF
Verify in PV: SNR, number counts etc 

COSMOS2020

Over the years a large decrease 
in the time available for the wide:
∆t = -9 mo ⇒ -2700η sq deg, η<1

RoI -  

calibrations ++ 

RoI + 
new algorithm  
(eigenslew) 

RoI - (new shape) 

calibrations + 
      new algorithm (thermal stability) 

      ROS + 
 new feature 
(star avoidance) 

FoV - 
new algorithm  
(efficient star 
avoidance) 

COSMOS2020
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5.2.2. SNR and survey depth in the RoI

Figure 17 highlights the best parts of the Euclid sky. In the fol-
lowing, we compute the corresponding SNR maps, which pro-
vide the quantitative context.

For our SNR computations we take into account the follow-
ing aspects at the hardware level: telescope and instruments’ in-
ternal backgrounds, photometric zero points (encoding the total
throughput), read noise and dark current. These are independent
of sky position and were taken from the latest available ground
characterisation measurements. At the environmental level, we
include all-sky maps for the zodiacal background, extinction,
and stray light from the Galaxy as detailed in Sect. 5.1.

At the operational level, we allow for three exposures (VIS
and NISP imaging) and four exposures for NISP spectroscopy,
the FPA geometries, integration times, and the size of the mea-
surement apertures. This is motivated by the fact that 90% (50%)
of the survey area is covered with at least three (four) imaging
exposures (see Table 1).. The SNR measurement metrics are
evaluated as follows: for VIS, we consider an extended source
with a total magnitude of mAB = 24.5 mag in a 100.3 diam-
eter aperture, capturing 94% of the flux. For NISP photome-
try, we consider a point-like source with a total magnitude of
mAB = 24.0 mag in the Y , J, H bands in a 000.9 ⇥ 000.9 (3 ⇥ 3 pixel)
aperture, capturing ⇠ 80% of the flux for Y and J, 70% for H.
For NISP spectroscopy, we consider an emission line with a flux
of 2⇥10�16 erg s�1 cm�2 at an observed wavelength of 1600 nm,
measured in a 4⇥4 pixel wide aperture in the dispersed images.

In this way we verify that the scientific requirements of the
Euclid project are met. Global statistics of the SNR are sum-
marised in Table 7. The median survey depths converted and
scaled to a 5� point like source (5� point-like source) perfor-
mance metric for imaging are listed.

Table 7: SNR statistics for the RoI, for each channel: VIS band
(boldface values refers to extended objects), NIR bands (Y , J, H,
values refer to point like objects) and red grism band, S (italic
values in the last column refer to 0 .005 diameter sources). The
median depth here is evaluated for 5� point-like source.

VIS Y J H S

Minimum SNR 10.0 5.0 5.7 5.7 3.2
Median SNR 15.9 6.5 7.8 7.2 4.5
Maximum SNR 19.8 7.8 9.0 8.5 6.6

Median depth [AB mag] 26.2 24.3 24.5 24.4 �

The resulting SNR maps for VIS and NISP are shown on
Fig. 19. All four quadrants are fully green, within specifications,
for all channels for their respective depth metrics (VIS, NISP-P,
and NISP-S).

We note that the SNR computations do not consider the con-
tamination of galaxy samples by stars; to this end we have in-
troduced the thresholds to Galactic latitude. The greyed areas in
Fig. 19 illustrate where a certain component (such as extinction)
is out of range. These may appear inside the RoI (e.g. at the lo-
cation of the SMC). Non greyed areas outside the RoI reflect an
evolution of the criteria that led to the RoI definition, for exam-
ple by tightening the Galactic latitude threshold from |b| � 23°
to |b| � 25° after the northern ground-based surveys had been
defined for |b| � 25°.

Our more complex zodiacal model (Section 5.1.1) predicts
a lower background that varies with time and position along the

Fig. 19: Top: VIS band SNR in an equirectangular celestial pro-
jection (same referential as Fig. 17); the entire RoI is within
specifications (SNR � 10, the first level of light green). Mid-
dle: NISP SNR for the J-band (Y- and H-bands are similar, see
Table 7 for overall statistics). Bottom: the NISP red grism band
SNR. The more convoluted isocontours of the VIS band SNR are
caused by the stronger dust extinction versus the NISP. Greyed
regions outside the RoI are excluded due to extreme reddening
and/or high stellar density and/or high zodiacal background (c.f.
RoI definition and Fig. 17.)

orbit. This modulation happens at a level far below the typical
range of zodiacal background within the RoI (Fig. 12), and hence
we do not expect the median performance to change with this
model.

In summary, Fig. 19 shows that the SNR in the VIS band
exceeds the requirement of SNR � 10 over the whole RoI,
with a median value of nearly 16. This gain is mostly related
to longer than required integration times, driven by the needs

Article number, page 16 of 43
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covering the designed RoI. In parallel, survey-windows are com-
puted from the stage-1 schedule, defining the intervals of time
left to EWS observations. These two elements are then combined
into patch-sources, compact sub-sets of each quadrant of the tes-
sellated RoI within reach of a given survey-window. A patch-
source is, in general, further divided into one or more patch-
segments, which are sets of tiles guaranteed to be not only com-
pact but also having their contour shaped like a lat-long rectangle
(an essential property for the computation that follows it). Patch-
segments from the same patch-source are then transformed into
a patch by establishing upon them an ordered sequence of obser-
vations.

RoI

tessellated RoI

stage-1 schedule

survey-window

patch-source

patch-segment

patch

covering the RoI

with tiles produces

a tessellated RoI

the un-allocated time

of stage-1 schedule

defines many

survey-windows

the intersecton of each

survey-window with each

quadrant defines patch-sources

each patch-source is further

divided into patch-segments,

the smallest unit of scheduling

finally, sibling patch-segments

are combined into a single

patch by assigning timestamps

Fig. 33: Steps and concepts required for the computation of the
EWS, linking the RoI and stage-1 schedule to patches (defined
later).

7.3. Major constraints for the EWS

In this Section we present the main inputs and associated con-
straints for the EWS optimisation algorithm, and briefly review
their impact on the current solution.

7.3.1. Constraints due to overlap

We define a tile as the largest rectangle in latitude–longitude that
is completely contained in a single FoV (see Fig. 34). The sur-
vey area must then be observed through geometrically contigu-
ous tiles, with an overlap of boundaries between adjacent tiles of
a 0.5% wide strip (1% overlap, overall), to cope with the non-
null pointing error. The goal of this requirement is to enable ef-
ficient coverage of the sky, whilst ensuring a minimum overlap
between adjacent fields. This can be achieved with a tessellation
of tiles laid out along parallels of latitude, with adjacent tiles on

Fig. 34: Example of a few rows of a tile driven tessellation drawn
in a cylindrical projection. Individual tiles are indicated by the
red rectangles, whereas the (distorted) footprints of the FoV for
non-zero latitudes are shown in blue (sizes are exaggerated for
clarity). The number of tiles per row varies with latitude.
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Fig. 35: The subset of the tessellation observable at given epoch,
with the Sun pointing at 0 deg and the transit meridians at 90 deg
(trailing-side) and 270 deg (leading-side). This shows that the
need to observe fields aligned with meridians strongly restricts
visibility (see Fig. 5)

the same row and tiles between adjacent rows overlapping by
1%. Due to the convergence towards the poles, the number of
tiles per row decreases with latitude, as shown in Fig. 34. Given
the geometric shape of the FoV, a rectangle on a sphere, the over-
lap between FoVs also increases with latitude.

7.3.2. Constraints due to SAA and AA

As described in Sect. 2.5, the limited range of the pointing angles
implies that most of the sky must be observed at, or at least close
to transit. As we motivate later, most of the EWS is observed
with fields aligned with the ecliptic meridians. In general, these
fields are almost never observed at transit, thus requiring a ro-
tation around ZSC to realign the FoV with the local meridian.
However, the constraints on AA and SAA severely limit the ex-
tent to which a field may be observed away from transit. This is
highlighted in Fig. 35 which shows the region of the sky that is
observable at a given transit. It is mostly constrained by the AA
range, except at lower latitudes, where the constraint on SAA
dominates.

7.3.3. Constraints due to slews

The limitations associated with the cost of a slew (see Sect. 2.4),
imply that EWS fields observed consecutively in time must also
be, as much as possible, spatially adjacent to each other. In this
way, large slews are mostly reserved for moving between EWS
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INTERMEDIATE SCHEDULE: starting at 8487.5  /  2023-03-28T11:59:23Z Calibrations & Deep & Auxiliary fields & wide
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EDFs status
(square deg x visits; number of latters 
will be increased to compensate for 
larger zodiacal background)

• EDFN (20 x 10 + inner 10 x 30) =  (1/2) 
CPC + (1/4) DEEP; offset 1 deg from 
NEP; observed by Spitzer

• EDFF (10 x 40) = (1/4) DEEP; Fornax 
region; observed by Spitzer; Rubin 
drill field

• EDFS (23 x 40) = (1/2) CPC + (1/2) 
DEEP; observations done for Spitzer; 
Rubin optical coverage requested

75% synergy between CPCs and EDFs

IF blue grism also needed for CPC (likely) then increase EDF-N 
to 20 sq deg  [what if scenario #1: no harm to final wide area!!]

CPC visits are counted also as EDF visits

After one year can have 1 visit (all red spectra) on 
both CPC + EDF-F = 50 sq degs for  Q1 release

wanted depth: 2 mags deeper than average
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Lack of available wide areas
~9.5 months to be allocated

RSD 2022A

now cover 96% 
of target wide 
area; OK if for 
15,000 sq deg 
the expected 
FoM > 418

yearly quality of fields: on average best areas first

-25%
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Figure of Merit ∝ wide Area 
More than 10  years ago:
Figure of Merit ~ 400 ⇨ wide Area 15,000 sq deg 

➾ wait for SPV3 !! 

Since: 
• better theory and Xcorrs increase the FoM 
• to consider systematic effects (very difficult) decreases the FoM

NOT official

To cover 96% of that area is a 
problem? Maybe…

Carbone, Cardone, Sapone
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RSD_2022A, several changes in inputs implemented
best areas covered timely for the two data releases
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Idea synchronise ad hee

non recurrent long calibrations
decontaminations t if PDC

in those days I Al which will

give rise to unallocated periods

In practice delay completion of

ROI l but keep total
area

the same

This will leave less free time

for community non core proposals

but core mission has priority
so it's ok

What if scenarios: perturb 2022A
WIF #1:  extend EDF-N to 20sq deg

WIF #1 excellent result: same wide 
area, use of unallocated time only 
(1 mo); likely the new reference

WIF #2:  add 3 decontamination periods 
of 25 days (year 1, 3, 5) during 
inefficient longitudes (=in unallocated  
time)
WIF #3:  add 3 decontamination periods 
of 25 days (year 1, 3, 5) during efficient 
longitudes (=max damage)
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RSD2022A: 10 sq deg EDF-N

The needed ∆T is 
completely filled by 
otherwise 
unallocated time

What IF#1 = 20sq deg EDF-N

Extension of EDF-N v1.3 4/11/2021 

12 

Proposal to the EST to extend the EDF-N area to cover 
the CPC-N using unallocated periods 

 

R. Scaramella — EST Survey Scientist 

 

 (with contributions from ECSURV, CALWG, SWGs ubercoords, ILS, blue grism group) 

 

Summary 

The present baseline for the Euclid core mission foresees to cover a wide survey (greater than 15,000 
square degrees extra-galactic sky) observed at least once, plus a minimum of 40 square degrees of deep 
survey subdivided in two or more fields in separated hemispheres (currently 3 fields), visited several 
times. Because of the many severe pointing constraints, during the core mission there are several periods 
(currently for a total of ~10 months) in which one cannot observe areas which are good enough for the 
wide survey, corresponding to what is called “unallocated” (yet) time.   
 An excellent use of 1 month of that time, a mere 10%, would be to observe the always visible 
NEP region, extending the EDF-N (actually planned to be 10 square degree) to the same area of the co-
centered CPC-N (20 square degrees). This increase in size for the EDF-N is fully within the scope and 
mandate of the main mission and is highly beneficial for both the core and the legacy science. Especially, 
it doubles the area covered by the blue grism in the NEP region, allowing full rather than partial coverage 
of the CPC with the blue grism. Moreover, because this proposed enlargement would use exactly the 
same standard modes of operations, pointing etc as in the core mission, there is no negative impact on 
the satellite, nor on operations, nor on the total wide area that can be observed. 

 

 

  

Likely the new reference 

EDF-N —> 20 sqdeg allows the 
whole CPC to have blue grism 

observations 

ON HOLD
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The actual survey (wide & deep & auxiliary fields) might need to start later 
than the end of PV phase so to complete the first Phase Diversity 
Calibration [needed ∆t still TBC]. 
This is mandatory for the full PSF characterisation needed by the WL.
This late start for std operations would negatively impact the final area.

An additional complication A&A proofs: manuscript no. output
Euclid Mission and Data Releases

0 2 6 years after launch 8

End of Nominal
MissionLaunch

DR1
T1+1 yr

Nominal Survey Operations
6 years

Mission Extension
(optional)

4

T0
Start
Nominal
survey

DR2
T1+3 yrs

DR3
T1+6 yrs

Q1
T1=T0+14
months

Q2
T1+2 yrs
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T1+4 yrs
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T1+5 yrs

Early Survey
Operations
6 months

Commissioning &
Performance
Verification
3 months

Fig. 1: The Euclid timeline. The EWS has to be carried out
within the six year mission baseline and will start 3 months af-
ter the launch, following a commissioning (1 month) and a Per-
formance Verification period (2 months). A faster replanning is
allowed during the Early Operation Phase of six months. The
three main Data Releases (DR#) are shown. The plan is to have
2500 deg2 made public in DR1, to grow to 5000 in DR2 and be
complete at DR3 for 15 000 deg2. In addition, four Quick Data
Releases (Q#) are foreseen, each of ⇠ 50 deg2.

of 50 deg2 is planned at T1, and Q2, Q3 and Q4, will take place
two, four, and five years after Q1, respectively.

In addition to the main survey, a significant fraction of time
will be spent to calibrate the instruments and to characterise
the target galaxies. This results in some fields to be observed
to greater depth than the wide survey (typically 2 magnitudes
deeper). These deep fields have great legacy value beyond the
cosmological core science. While aspects of non-core science
did not influence the design of the spacecraft and instruments,
they are taken into account in the design of the EWS to max-
imise Euclid scientific return. In fact, it must be noticed that
the large decrease in the background with the wavelength dra-
matically increases the SNR in the NIR bands when compared
to Earth-based observations a↵ected by airglow, which instead
increases with wavelength. This makes even a small space tele-
scope competitive with a large ground telescope which su↵ers
from a background dominated by atmospheric emission in the
NIR bands. The relative gain is such that, in order to cover the
same areas planned for Euclid and at the same depths, a ground-
based NIR survey on existing facilities would need to observe
for several centuries. Regarding other space-based facilities, we
notice that the James Webb Space Telescope (JWST) will be in
orbit as well and with its diameter of 6.5 m will go much deeper
and faster than Euclid although only on very small areas (JWST
field of view is 75 time smaller than the Euclid one). Hence
the two facilities are complementary and, moreover, JWST will
likely benefit from targets selected from the Euclid Surveys.

The challenge is to fit all these observations into a finite time
allocation set by the limitation of the mission, which is six years,
whilst fulfilling a wide range of constraints, which are reviewed
in detail in this paper. Part of the survey optimisation involves
selecting the best areas of sky to use, which in turn relies on
a good model of the properties of the observable sky, such as
Galactic extinction and the zodiacal background. We also need to
model the distribution of (bright) stars, as their stray light lowers
the observed galaxy number density.

This paper focuses on the design of the EWS, while the deep
fields are described in a companion paper (Scaramella et al., in
prep., hereafter [Sc21]). The EWS design takes into account the
main backgrounds which impact any large area survey, the se-

quence of operations, the many limitations to the pointing of the
telescope. The EWS is at an advanced stage, fulfilling the key
survey requirements over the full mission. Survey scenarios at
this stage therefore show the detailed feasibility of the mission
and are subject to further optimisation. Results we present and
their discussion, however, are instructive and useful for any fu-
ture large area survey from space or ground which aims to com-
bines both imaging and spectroscopy.

The paper is organised as follows. The spacecraft is de-
scribed in Sect. 2, followed by a summary of Euclid’s instru-
ments in Sect. 3. In Sect. 4 the reference observation sequence
(ROS) is introduced, including a study of dithering scenarios.
Models of zodiacal light, stray-light e↵ects, and other environ-
mental properties, define the ‘region of interest’ (RoI) used as
input for the implementation of the Euclid Reference Survey
Definition (RSD). These e↵ects and the properties of the result-
ing RoI are presented in Sect. 5, where we also discuss com-
plementary ground-based observations. Sect. 6 describes the im-
plementation of the calibration program. Observations of sample
characterisation fields and the EDS are briefly mentioned in this
context. The construction of the EWS is presented in Sect. 7. We
present the most recent outcome of the survey optimisation (end
of 2020) in Sect. 8. This solution is a good proxy for the actual
survey. We conclude in Sect. 9.

2. The spacecraft and telescope

2.1. The spacecraft

The spacecraft comprises a service module (SVM) and a payload
module (PLM), connected by an interface structure designed to
maximise thermal decoupling. The PLM includes the main in-
struments, the folded beam optical components of the telescope,
the radiators, and the fine guidance system (FGS). The SVM
provides the main Spacecraft services: Power Generation, con-
ditioning and distribution, Sun shield and Solar Array, telecom-
munication with ground (Low and High Gain antenna), Attitude
and Orbit Control System (including FGS) and support the In-
struments Warm Electronics. Details are given in Laureijs et al.
(2011) and Racca et al. (2016).

Euclid has severe constrains in pointing to ensure maximal
thermal stability, which are described in this paper and limit the
standard operations. Therefore it is important to describe in de-
tail the attitude of the spacecraft. The Euclid Spacecraft Refer-
ence Frame (OSC, XSC,YSC,ZSC) is defined as follows (see Fig. 2
for a graphical representation):

• OSC: origin is at the point of intersection of the longitudinal
launcher axis with the launcher adapter interface plane (the
plane of separation of the spacecraft from the launcher);
• +ZSC is in the direction perpendicular to the launcher inter-

face plane, positive in the direction of the launch;
• +XSC is in the launcher interface plane, directed to a physical

mark on the interface ring nominally aligned with the solar
array such that the +Xsc vector is perpendicular to the solar
array and pointing towards the sun.
• +YSC is in the remaining direction of the right-handed or-

thogonal triad.

The orientation of the telescope optical reference frame, pro-
jected onto the sky, is also specified in Fig. 2. The FoV Reference
Frame is centred on the centre of the FoV itself and is such that
XFoV = �XOPT and YFoV = YOPT � 0�.82, taking into account the
shift of the edge of the FoV of 0�.47, and its half size of of 0�.35
(see Fig. 2 and Table 1).
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