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ABSTRACT

This paper describes the characteristics of the Euclid visible imager (VIS) data delivered as part of the Euclid Data Release 1 (DR1). This data
set contains 42 092 calibrated frames. Validated nominal exposures cover 2092 deg2 of sky. We outline the minor changes made to the VIS
processing function (PF) since previous releases. For the wide survey, the photometric and astrometric accuracy of the reference stellar sample
(18.5 < IE < 19.8) is excellent. The internal and external astrometric dispersions are 0.08 and 0.18 mas, respectively, at the quadrant level, and 3.4
and 5.6 mas at the source level. The corresponding internal and external photometric dispersions are 0.76 and 1.4 mmag at the quadrant level, and
11 and 25 mmag at the source level. We characterise remaining astrometric and photometric systematic effects: focal-plane-dependent variations;
time-dependent photometric offsets; and colour-dependent centroid shifts. The noise floor in the deepest VIS images appears to be set by the
extended diffuse light of faint galaxies. Globally, the DR1 VIS data meet pre-launch mission requirements and the 42 092 images it contains
provide our first substantial look at the sky as seen by VIS.

Key words. cosmology: observations – space vehicles: instruments – instrumentation: detectors – surveys – Techniques: image processing –
techniques: photometric

1. Introduction

The ESA Euclid mission aims to improve our understanding of
dark energy by precisely measuring the shapes and positions of
an unprecedentedly large sample of galaxies (Euclid Collabora-
tion: Mellier et al. 2025). A key element of Euclid is the visi-
ble imager (VIS) camera (Euclid Collaboration: Cropper et al.
2025). This paper describes the processing and characteristics
of the VIS images delivered as part of the Euclid Data Release
1 (DR1; Euclid Data Release 1 2026; Euclid Collaboration: Aus-
sel et al. 2026), which were processed by the Euclid Science
Ground Segment (SGS; Euclid Collaboration: Ruffenach et al.
2026). Previously, Quick Release 1 (Q1; Euclid Collaboration:
McCracken et al. 2026, hereafter Q1VIS) and Quick Release
2 (Q2; Beaulieu et al. 2026) provided 61.3 and 4.8 deg2 of VIS
data, respectively. DR1 data contain nominal VIS exposures over
2092.2 deg2 spanning the Euclid Wide Survey (EWS) and Euclid
Deep Survey (EDS) areas, and also include the data in the COS-
MOS area and other calibration fields. DR1 comprises princi-
pally survey data taken from 14 February 2024 to 21 May 2025.
It also includes calibration fields and observations taken be-
fore the survey started during the performance verification (PV)
phase. This paper presents a description of the characteristics of
the VIS DR1 data set, an assessment of the performance of the
VIS processing function (PF) pipeline, and a detailed discussion
of the global properties of the processed VIS DR1 data.

The plan of this paper is as follows: Sect. 2 summarises the
VIS PF and outlines the differences compared to Q1 process-
ing; Sect. 3 explains how DR1 input data were validated; Sect. 4
presents an investigation of the global performance of all the VIS
images in DR1 and Sect. 5 outlines some remaining problems.
Conclusions are presented in Sect. 6.

2. Processing VIS DR1 data

2.1. A brief summary of the DR1 VIS processing function

VIS is an array of 36 back-illuminated 40 µm-thick charge-
coupled devices (CCDs), each 4132 × 4096 pixels in size. Each
square pixel is 12 µm on a side. At the centre of the focal-plane
array (FPA) the pixel scale is 0 .′′100 and it varies by 1.5% across
it, well within the required 0 .′′10± 0 .′′01 (MRD-WL-003 in Eu-
clid Collaboration: Schirmer et al. 2026a). Each CCD has four
quadrants, each of which has an independent set of readout elec-
tronics. The basic unit of Euclid observations is the reference
observing sequence (ROS; Euclid Collaboration: Tereno et al.
2026). Each ROS consists of a nominal 566 s exposure at each
of four dithers in an ‘S’-pattern, with an additional two short sci-
ence 95 s exposures at the first two positions of the sequence.
Observations are grouped together in ‘patches’ or ‘skypatches’
defined in Euclid Collaboration: Scaramella et al. (2022) as ‘a
compact set of fields with a valid observation sequence’.

After transmission from the satellite, ‘Level 1’ software run-
ning at the science operations centre (SOC) assembles these
compressed raw data into 144-extension Flexible Image Trans-
port System (FITS) files with a basic set of header keywords. In
the next step, data are processed by the VIS PF, grouped by ‘ob-
servation id’ or obs_id. An obs_id may contain more than one
ROS.

A complete description of each VIS PF processing step is
provided in Q1VIS. In DR1, there are no major algorithmic
changes compared to Q1 or Q2 processing. A brief description
of the small changes can be found in Sect. 2.3. Version 18.0.4 of
VIS PF was used to process DR1, and its source code is made
available as part of this release.
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The two main functional units of the VIS PF are a set of
16 ‘calibration pipelines’ that compute master calibration prod-
ucts for each instrumental effect, and a ‘science pipeline’ that
uses these calibration products to correct and process the raw
data. Many of the calibrations described below are derived from
monthly visits of the Euclid self-calibration field, described in
section 4.2.3 of Euclid Collaboration: Mellier et al. (2025) and
section 5 in Euclid Collaboration: Schirmer et al. (2026a). Each
self-calibration visit is made at a different instrument position
angle, which is useful for determining whether residual system-
atic effects are present at the sky-frame level or instrument-frame
level (Sect. 4.4).

The science pipeline also performs quality assessment,
which enables the grading of the output products, an essen-
tial step to ensure the scientific quality of the final products. In
Q1VIS we divided the science pipeline into three main blocks,
which are summarised below. Each block comprises several pro-
cessing elements (PEs). The functionality of each PE is limited
to one or two functions.

The first set of PEs reads raw VIS exposures, flags satu-
rated pixels, applies a crosstalk correction, bias correction, and
non-linearity correction. This is followed by cosmic-ray flag-
ging using LACosmic (van Dokkum 2001), brighter-fatter ef-
fect (BFE) correction, pixel-response non-uniformity (PRNU)
correction, and gain equalisation. The input calibration products
in this step are the cosmetic maps, crosstalk model, master bias,
non-linearity model, BFE model, master PRNU, and the gain
model. This block outputs flag maps indicating the location of
bad pixels together with corrected images. Charge-transfer inef-
ficiency (CTI), the smearing of charge during readout caused by
defects in the detector silicon lattice (‘traps’), is not corrected in
DR1. However, we are monitoring the trap density in VIS and
may activate this correction in future releases.

The second set of PEs takes these corrected images, applies
an illumination correction, estimates the background (which is
supplied as a data product but not subtracted from the images),
extracts an intermediate source catalogue using SExtractor
(Bertin & Arnouts 1996), computes an astrometric solution, flags
ghosts, computes a second intermediate photometric catalogue,
and uses this photometric catalogue to perform a photometric
calibration. The input products to this block comprise the illu-
mination model, the Gaia catalogue, an astrometric distortion
model, the ghost model, the point-spread function (PSF) model
computed using PSFex (Bertin 2011), and the zero-point refer-
ence photometry. The output products include a background map
computed using NoiseChisel (Akhlaghi & Ichikawa 2015), the
pointing reconstruction, an updated flag map, and astrometri-
cally and photometrically calibrated single-exposure images to-
gether with a calibrated source catalogue. Individual exposures
are not background subtracted.

In the last step, the processing block takes these calibrated
images and, for each ROS, stacks them together using SWarp
(Bertin et al. 2002) after subtracting the supplied NoiseChisel
background from each exposure. Catalogues are extracted from
these stacked images using SExtractor, which are then used to
compute a PSF model and an associated catalogue.

In the Euclid Science Archive,1 VIS products are
delivered as DpdVisCalibratedQuadFrame (cali-
brated frame, background map, weight map and PSF
model), DpdVisCalibratedFrameCatalog (single-
exposure catalogues), and DpdVisStackedFrame, and
DpdVisStackedFrameCatalog (the stacks and their as-

1 https://eas.esac.esa.int/sas/

sociated catalogues). The unprocessed input to VIS PF,
DpdVisRawFrame, is also distributed.

The format and content of these products are described in
the DR1 Data Product Definition Document (DPDD).2 The DR1
Explanatory Supplement3 provides a complete list of known pro-
cessing issues with VIS DR1 data. Because DATE-OBS does not
mark the start of the integration, a recipe for computing the exact
time of the shutter opening is given in Appendix C.

2.2. A brief description of DR1 VIS calibration

Euclid Collaboration: Schirmer et al. (2026a) provides a com-
plete account of the Euclid calibration strategy. Since DR1 con-
tains data taken over 15.2 months, a careful accounting of the va-
lidity of each calibration product is required. In the EWS, there
are 50 skypatches (although only 49 are used for the astrometric
measurements).

We note that DR1 is a reprocessing of data already reduced
by the SGS in the on-the-fly (OTF) campaigns. The OTF pipeline
is executed on all VIS science data a few days after acquisition
using a set of standard calibration products. Analysing these data
allows an assessment of the validity of the raw data and corre-
sponding calibration products for the release reprocessing. OTF
reprocessing also enables the validation of VIS PF algorithms
with a wide variety of observations taken under different observ-
ing conditions.

For DR1, a single calibration product for the entire period
was used for gain, PSF model, readout noise, saturation, BFE,
ghost masking, crosstalk, and stellar mask corrections. For the
flag maps, master biases, PRNU, astrometric distortion, and
zero-point model, a series of products were computed with dif-
ferent validity periods, as explained below.

Analysing OTF data processed with the same astrometric
distortion model showed steadily increasing astrometric residu-
als compared to the Gaia reference catalogues. Therefore, for
DR1, seven different distortion models were computed from
seven separate self-calibration visits.

Initially, the VIS photometric zero point was determined at
each self-calibration visit from observations of Gaia stars in
the self-calibration field. However, until March 2024, these zero
points lost their validity after approximately one week primar-
ily because of ice contamination on a folding mirror and the re-
sulting scatter loss (sections 5 and 6 in Euclid Collaboration:
Schirmer et al. 2026b). Therefore, using all the self-calibrations
in DR1, we derived a zero point for each self-calibration obser-
vation and fitted all these observations with a two-segment lin-
ear model, with a constant after the decontamination event. This
model was then used to compute an individual zero point for
each image. Figure 1 shows the evolution of this zero point over
the period covered by DR1 observations. The small zero-point
differences between nominal and short exposures are a conse-
quence of an error in how aperture corrections were computed
for both types of exposures which has since been corrected.

2.3. Changes compared to Q1

The main changes between the Q1 and DR1 versions of VIS
PF are minor. They concern cosmic-ray rejection, photomet-
ric calibration, background estimation, stack production, and
the content of the delivered data products. In DR1, cosmic-
ray identification includes a second detection pass that uses the

2 https://euclid.esac.esa.int/dr/dr1/dpdd/
3 https://euclid.esac.esa.int/dr/dr1/expsup/
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Fig. 1. Evolution of the VIS DR1 photometric zero point. Symbols show
per-visit Gaia-derived zero points from the self-calibration field. The
lines show the two-segment linear model used to compute a zero point
for each DR1 exposure. The gradual decline is mainly driven by ice-
induced throughput loss, with a step at a decontamination event. The
difference between the nominal and short exposures is due to an error
in aperture corrections, fixed in later versions of the pipeline. In the
shaded region, the VIS instrument throughput was heavily degraded by
ice contamination, and these data are not part of DR1.

stacked image to identify cosmic rays. The photometric calibra-
tion has been updated through a revised filtering of Gaia refer-
ence sources and by adopting the Gaia-to-IE transformation from
the mission database (Appendix A).

Several changes were made in the image combination stage.
The background is now subtracted from the individual exposures
before combination. In addition, the stacked-frame data prod-
uct has been simplified: the background FITS file is no longer
included in DpdVisStackedFrame, and the RMS and FLG ex-
tensions have been removed from the stack FITS file. The VIS
flag definition has also been updated by removing the flag name
GOOD; the corresponding numerical flag values are unchanged.

The content of the calibrated frame products has been
extended. New columns were added to the calibrated frame
catalogues, and the VIS PSF model is now included in
DpdVisCalibratedQuadFrame. Finally, FITS headers of
the extensions now contain the keywords MJD-OBS and
TIMESYS=‘UTC’.

3. DR1 input data validation

After the VIS PF is executed, reports with Data quality control
(DQC) statistics are generated for each image in each skypatch
as described in section 7 of Q1VIS. These parameters include
the combined image ‘score’ together with statistics indicating
the number of cosmic-ray hits, the astrometric residuals, and the
image pointing stability measured from the spread_model pa-
rameter. These image quality statistics, derived from the OTF
processing, are used to identify which images should be rejected
from the DR1 reprocessing. The most common reason for image
rejection is excessive cosmic-ray hits due to solar activity. Fur-
thermore, the VIS data products in skypatches 39 and 40 should
be used with caution because their astrometric solutions were
processed with an inappropriate distortion model (see Sect. 5.3
for more details). Quality control statistics are supplied as json

and xml files with the release. They are plotted for every ex-
posure in the Explanatory Supplement, which also provides a
complete list of rejected frames.

Figure 2 shows the distribution of image quality control
statistics for all VIS images in DR1. If any of these quality con-
trol thresholds is exceeded, a warning is raised and the image
should be used with caution (for example, one quadrant has a
higher-than-normal amount of cosmic rays).
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Fig. 2. Distributions of the six image-level DQC statistics for the 42 092
VIS images in DR1. Top row: the spread_peak image-quality parame-
ter and the mean astrometric residual mean_residual. Middle row: the
image score and the peak cosmic-ray statistic max_cr. Bottom row:
the normalised cosmic-ray statistics max_cr_norm and fpa_cr_norm.
Red dashed lines indicate thresholds. A warning is raised if any statis-
tic exceeds its threshold; after applying these quality-control thresholds
37 875 images remain and 4217 were flagged. Nevertheless, all 42 092
images were delivered as part of DR1. The hatched overflow bars indi-
cate the total number of observations beyond the axis range.

4. Global performance analysis of VIS DR1 data

In Euclid, for the cosmological tracer population, tiny systematic
errors are the dominant source of uncertainty. Given that VIS PF
is one of the first PFs in the processing chain, it is important to
assess the performance of the entire VIS DR1 data set to ensure
that any systematic effects are properly quantified.

4.1. Creation of the DR1 merged catalogues and reference
sample

We create matched catalogues for all observations in DR1 from
the single-exposure (and stacked) catalogues produced by VIS
PF. Because the DR1 data volume is large, creation of a sin-
gle monolithic catalogue is impractical. Therefore, matched cat-
alogues are created for each skypatch following a similar pro-
cedure to the one outlined in Q1VIS. From the individual VIS
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calibrated frame catalogues, two catalogues are produced: one
matched with Gaia DR3 (Gaia Collaboration: Vallenari et al.
2023) and containing only point-like sources, and one containing
both point-like and extended sources.

For the point-source catalogue, unresolved sources are se-
lected using two criteria. Firstly, a cut on the radius enclos-
ing 50% of the flux, 1.0 < FLUX_RADIUS < 1.3, is designed
to select star-like sources. Secondly, we apply an exposure-
time-dependent criterion based on the 50-pixel diameter aper-
ture magnitude MAG_APER: for nominal exposures (texp > 500 s),
sources are selected with 18.5 < MAG_APER < 22.0, while for
short exposures (texp < 100 s), the range is 16.5 < MAG_APER <
21.0. The bright limits are chosen to minimise the number of
saturated pixels in each source.

These VIS detections are cross-matched with Gaia DR3
sources within 0 .′′5. The positions of the matched Gaia sources
are then propagated to the VIS observation epoch using proper
motions, corrected for parallax as described below, and astro-
metric residuals are computed for each source.

The VIS PF computes the world coordinate system (WCS)
of each exposure using Gaia DR3 positions transformed to the
apparent directions seen from Euclid at the time of observation,
including parallax. The fitted WCS is then converted back to the
International Celestial Reference System (ICRS). WCS transfor-
mations map pixel coordinates to sky directions without requir-
ing source distances, so this conversion removes the distance-
independent effects of aberration and light deflection but retains
parallax, which depends on source distance. VIS catalogue posi-
tions therefore still contain the parallactic displacement of each
source as seen from Euclid. To compare with Gaia, we add to
each Gaia position the parallactic displacement for an observer
at Euclid,

∆αϖ cos δ = ϖ (bx sinα − by cosα) ,
∆δϖ = ϖ (bx cosα sin δ + by sinα sin δ − bz cos δ) ,

(1)

where (∆αϖ cos δ,∆δϖ) is the displacement of a source at right
ascension α and declination δ from its barycentric to its appar-
ent position, ϖ is its measured Gaia parallax (negative values
included), and (bx, by, bz) is the barycentric position of Euclid in
au, in equatorial coordinates with x towards (α, δ) = (0, 0) and
z towards the north celestial pole; the displacement then has the
units of ϖ. We approximate the position of Euclid as that of the
Earth displaced 0.01 au further away from the Sun. Because Eu-
clid observes at a solar aspect angle close to 90◦ (median 91◦),
with its roll angle fixed relative to the direction of the Sun, this
displacement lies almost along +XFPA in every exposure, with an
amplitude close to ϖ. For our reference sample the mean dis-
placement is 0.73 mas; without this correction, it would appear
as a coherent offset in XFPA across the focal plane.

As a validation of our cross-match method, we considered a
representative subset of 98 nominal exposures (two per skypatch,
over 49 skypatches). Here, 84.0% of selected point sources with
18.5 < IE < 19.8 are matched with Gaia; the unmatched sources
are mostly cosmic-ray hits, flagged in the VIS flag map, that
pass our simple selection criteria. To test the proper-motion
propagation, we also matched 65 848 isolated Gaia stars with
18.5 < G < 20 lying at least 20 pixels inside a quadrant: 1.5%
have no VIS counterpart. Half of these (0.75% of the stars, me-
dian proper motion 72 mas yr−1) are missed because the match
is made at the Gaia epoch 2016.0, before the proper motions are
applied, and they therefore lie outside the 0 .′′5 match radius; the
remaining 0.77% are preferentially found near bright stars. In-
cluding these sources changes the mean residual by 0.018 mas

and any quadrant mean by at most 0.12 mas. For DR2, residuals
will be computed in the VIS PF pipeline by propagating Gaia
sources to the observation epoch before matching.

Source positions in the physical (XFPA, YFPA) focal-plane co-
ordinate system are given in millimetres, together with the quad-
rant ID for each source, and observation metadata such as posi-
tion angle, skypatch identification, and exposure time. Physical
coordinates are derived from the windowed pixel centroids of
each source using a per-quadrant linear transformation derived
from pre-launch metrology.

Focal-plane-level statistics are also computed. For each ex-
posure, a single catalogue is produced, combining the 144
quadrant extensions. These exposure-level catalogues are then
grouped by skypatch and all repeated observations of the same
source are given a unique identifier, group_id.

Predicted IE magnitudes are computed for Gaia sources us-
ing the transformation described in Appendix A. In the last
step, a reference sample for the nominal exposures is created
by applying a further 18.5 < IE < 19.8 cut on the measured
aperture-corrected VIS magnitudes and a Gaia astrometric qual-
ity cut selecting only sources with RUWE < 1.2 (RUWE, the
renormalised unit weight error, is an astrometric goodness-of-fit
statistic) and requiring the proper-motion errors σµα∗ and σµδ to
both be less than 0.5 mas yr−1.

4.2. Astrometric accuracy of the merged DR1 catalogues

4.2.1. Average focal-plane residual map

For weak lensing, the geometric distortion on arcminute scales
must be accurately known. The Euclid requirements (MRD-WL-
009 and R-CAL-A-VS-3000, Tables A.1 and A.2 in Euclid Col-
laboration: Schirmer et al. 2026a) state that the root mean square
(RMS) post-calibration geometric distortion averaged within a
circular aperture of radius 4′ should be smaller than 0.003%,
which corresponds to 3 × 10−5. Flowed down to the VIS PF,
this requirement implies that the mean RMS astrometric resid-
ual over all Gaia reference stars in each exposure should be less
than 3 mas.

We also test the parent requirement directly. For each of the
16 702 nominal exposures in 49 skypatches (skypatch 40 is ex-
cluded; Sect. 5.3), we average the signed VIS−Gaia residuals
within 4′-radius apertures and difference these averages over 4′
to obtain the displacement gradient. After subtracting the mea-
surement noise, estimated by splitting the stars in each exposure
into two independent halves, the RMS gradient over all expo-
sures is (7.0 ± 0.3) × 10−7, and the largest value in any exposure
is (2.04 ± 0.08) × 10−5, below the 3 × 10−5 requirement.

For point-like sources with 18.5 < IE < 19.8 (chosen to
match the object selection for photometric calibration) in EWS
nominal exposures, we computed the difference between VIS
source positions and the corresponding Gaia DR3 positions
(propagated to the VIS observation epoch, as above),

∆α = (αVIS − αGaia) cos δ, ∆δ = δVIS − δGaia, (2)

where cos δ converts the difference in right ascension into an an-
gle on the sky. We then rotate these sky-frame residuals into de-
tector coordinates using the position angle (PA) of each observa-
tion,(
∆X
∆Y

)
=

(
cos θ sin θ
− sin θ cos θ

) (
−∆α
∆δ

)
, (3)

where θ = PA + 90◦ accounts for the VIS coordinate system
convention, and the minus sign accounts for the opposite hand-

Article number, page 4



Euclid Collaboration: H. J. McCracken et al.: DR1: VIS processing and data products

Table 1. Internal and external astrometric and photometric accuracy of the VIS Euclid DR1 EWS calibrated-frame catalogues in the 18.5 < IE <
19.8 reference sample after Gaia astrometric quality cuts (RUWE < 1.2, σµα∗ , σµδ < 0.5 mas yr−1); 6 845 677 astrometric measurements over 49
skypatches and 6 477 228 photometric measurements over 50 skypatches (skypatch 40 is excluded from the astrometric analysis). The photometric
sample excludes clipped measurements as described in Sect. 4.3. For the internal columns, the source-level σs is the single-measurement repeata-
bility, corrected for the contribution of each measurement to the mean of its source. The source-level rows combine all measurements via the law
of total variance, so σs captures the full source-level dispersion (shot noise, Gaia proper-motion residuals, CCD-scale scatter). The quadrant-level
rows give the mean and dispersion of the 144 per-quadrant cell values (Eq. (5) for astrometry) shown in Figs. 5 and 8, so σq reflects mainly
FPA-level systematics. The patch-level rows give the mean and dispersion of the 49 (astrometry) or 50 (photometry) per-skypatch values, so σp
captures patch-to-patch systematics (for example, zero-point drift between observation epochs or stellar-population differences).

Quantity Aggregation Internal External
µ σ µ σ

Astrometry [mas]
source-level (σs) 0.0007 3.4 0.31 5.6
quadrant-level (σq) 0.14 0.08 0.37 0.18
patch-level (σp) 0.005 0.004 0.31 0.06

Photometry [mmag]
source-level (σs) −0.5 11 3.8 25
quadrant-level (σq) −0.5 0.76 3.8 1.4
patch-level (σp) −0.5 0.07 3.8 2.3

Notes. External photometric residuals are IE −G′ (Sect. 4.3) magnitudes, and internal ones are differences from the mean VIS magnitude of each
source in mmag. Source-level dispersion combines the within-quadrant scatter with the variation of the quadrant means (from the law of total
variance). Quadrant-level aggregation is the weighted standard deviation of the 144 per-quadrant cell means displayed in Figs. 5 and 8. Patch-level
aggregation is the weighted standard deviation of the per-skypatch means in the reference bin.

edness of the focal-plane frame with respect to the (east, north)
sky frame. The final (∆X,∆Y) represent residuals in the focal
plane frame, measured in mas. The source positions are mapped
to millimetres using the per-quadrant pixel-to-millimetre WCS
defined at the detector merging step.

To compute the inter-field averaged focal plane residual map,
we first binned residuals by quadrant. Within each skypatch p
and quadrant q, we computed the mean residuals (µx,pq, µy,pq)
and their standard errors. To combine measurements across the
49 DR1 skypatches, we applied inverse-variance weighting for
each quadrant.

These results are summarised in Fig. 3. The arrows repre-
sent these inverse-variance weighted means (⟨µx⟩q, ⟨µy⟩q) at each
quadrant, with arrow colours indicating the residual magnitude√
⟨µx⟩

2
q + ⟨µy⟩

2
q. The left panel shows the average residual per

quadrant computed on the DR1 EWS area, with an RMS of
0.41 mas and a maximum of 0.88 mas, well below the require-
ment of 3 mas. The remaining systematic offset, (∆X,∆Y) =
(0.30,−0.04) mas, is partially caused by the chromatic shift ef-
fect discussed in Sect. 4.2.3. The right panel shows the residuals
after subtracting this offset, averaged over all quadrants, which
have an RMS of 0.28 mas. This map averages over all exposures.
For individual exposures, the mean astrometric residual com-
puted by the quality control (Fig. 2) is below 3 mas for 99.8%
of DR1 images.

Examining the right panel in Fig. 3, we see that the residuals
differ between adjacent quadrants. To investigate this, we select
all point-like sources in the EWS and EDS within ±11 mm of
the boundaries between the four quadrants of each CCD, and
compute their mean ∆X and ∆Y in bins of signed distance to the
nearest boundary, combining all boundaries of the same orienta-
tion. There is a coherent variation in the mean residual profile,
with a peak-to-peak amplitude of around 0.2 mas.

Weak lensing shear measurements are sensitive to the differ-
ential distortion, which induces a spurious shear γ that can bias
the measured galaxy ellipticities. Moreover, the WCS solutions
are fitted independently for each VIS quadrant, and this may lead
to larger residuals at the quadrant boundaries and thereby con-
tribute to additional spurious ellipticity. To quantify this, we ex-

amine how this residual depends on scale and connect it to the
3 × 10−5 requirement.

We consider VIS−Gaia residuals (∆X,∆Y) for all point-like
sources with 18.5 ≤ IE < 19.8 in the EWS and EDS nominal
exposures, without the Gaia quality cuts (9 587 166 measure-
ments). We define strips of width L on either side of the ver-
tical and horizontal quadrant boundaries inside each CCD and
compute the differences between the mean astrometric residu-
als of all sources on either side, using ∆Y across vertical and
∆X across horizontal boundaries. Dividing by the separation b
of the mean source positions in the two strips (which accounts
for the narrow gap empty of sources at the boundary) provides
a finite-difference estimate of the displacement gradient across
the quadrant edges. For each orientation, we take the RMS of
the steps sq over the 72 quadrant pairs q (the internal boundary
of each CCD is crossed by two independently fitted pairs), and
obtain the edge shear

γV,H(L) =
1

2 b

√
⟨s2

q⟩q − ⟨s2
q⟩q,noise , (4)

where the residuals and b are expressed in the same units and the
second term is the noise floor.4 These are combined in quadrature

to obtain the total spurious edge ellipticity, |e| = 2
√
γ2

V + γ
2
H,

where e = 2γ.
The total spurious edge ellipticity is shown as the solid line

in Fig. 4. The dashed line shows the combination of the largest
vertical and horizontal values found for any quadrant pair, and
the dotted line the 3 × 10−5 requirement level. At scales smaller
than 22′′, we exceed this requirement. However, we note that the
requirement is defined after averaging within 4′, so this compari-
son at smaller scales is more stringent than the requirement itself.
The source of this systematic error will need to be addressed for
DR2.
4 The noise floor is computed by repeating the measurement with the
same stars with randomly rotated residual vectors. This removes any
spatially coherent distortion while keeping the same length for the resid-
ual vector of each star and therefore the measurement noise. The median
of 60 of these realisations is subtracted in quadrature at each angular
scale.
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Fig. 3. Left panel: Average residuals per quadrant over 49 VIS DR1 EWS skypatches for sources with 18.5 < IE < 19.8, computed as VIS − Gaia
for each pair rotated into the VIS focal plane frame using the position angle of each observation and averaged over all observations. Right panel:
residuals after subtracting the weighted mean offset ∆XFPA = 0.30, ∆YFPA = −0.04 mas from each quadrant.

4.2.2. Internal and external astrometric residuals

We now examine the internal and external astrometric perfor-
mance of VIS PF computed by quadrant over the focal plane
for the same 18.5 < IE < 19.8 reference bin as before. As de-
scribed in Sect. 4.1, the grouped catalogue contains all observa-
tions of each source, identified by a unique group_id, together
with their cross-matches to the Gaia reference catalogue. Both
measurements are shown in Fig. 5. In the left panel, for sources
with multiple observations, we compute the difference between
each individual VIS-measured position and the mean group posi-
tion, rotate it into the focal-plane frame with Eq. (3), and subtract
the median difference of each observing sequence (usually four
dithered nominal exposures). In the right panel, grouped sources
are compared with their matched Gaia DR3 reference source,
propagated to the VIS observation epoch and corrected for par-
allax. In both panels, we report the norm of the mean signed
residual vector in a cell c,

|⟨r⟩c| =
√
⟨∆X⟩2c + ⟨∆Y⟩2c , (5)

where ⟨·⟩c is the mean over all measurements in the cell. In
Fig. 5 the cells are the 144 quadrants, pooled over the 49 sky-
patches. Table 1 summarises these measurements and also gives
the source-level and patch-level statistics. We find a source-
level (quadrant-level) internal single-measurement repeatabil-
ity (corrected for the contribution of each measurement to its

group mean) of σs = 3.4 mas (σq = 0.08 mas) and an ex-
ternal source-level (quadrant-level) dispersion of σs = 5.6 mas
(σq = 0.18 mas).

In both cases, we measure a small residual mean norm
(Eq. (5)) of 0.14 mas (internal) and 0.37 mas (external) on the
quadrant level. For weak lensing, there is no formal requirement
on astrometric repeatability and accuracy.

4.2.3. The chromatic shift effect

The ‘chromatic shift’ is a colour-dependent displacement of ob-
ject centroids in VIS images. It arises from a combination of
chromatic tip-tilt wavefront error (WFE) from the dichroic mir-
ror and a wavelength-dependent lateral shift of absorbed photons
within the CCDs because the beam falls on the detectors at a
non-normal angle of incidence that varies across the focal plane
(Miller et al., in prep.). Using the VIS−Gaia residuals computed
in Eq. (3) we can characterise this displacement in two ways.
First, we bin sources by Gaia GBP − GRP colour and compute
the mean per-source ∆X and ∆Y residuals in detector coordi-
nates, averaged over all DR1 EWS observations. This is plotted
in Fig. 6, which shows that redder sources are shifted primarily
in XFPA.

Next, we investigate the dependence of chromatic shift on
position in the FPA by dividing our 18.5 < IE < 19.8 refer-
ence sample into two arbitrary colour bins: a red bin with 2.4 <
GBP−GRP < 2.6 and a blue bin with 0.65 < GBP−GRP < 0.85. In
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Fig. 4. Spurious edge ellipticity as a function of scale L as measured
from the astrometric residuals of Gaia stars in the DR1 EWS and EDS.
The solid line shows the total spurious ellipticity obtained by combining
the vertical and horizontal edge components, while the dashed line with
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values measured for any quadrant pair. The horizontal dotted line indi-
cates the requirement value of 3 × 10−5 (see text), and the grey dashed
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Fig. 5. Internal and external astrometric residuals across the VIS focal
plane for the DR1 EWS. Each of the 144 quadrants is colour-coded by
the norm of the mean signed residual vector in the focal-plane frame
|⟨r⟩q| (Eq. (5)), computed between VIS positions and Gaia DR3 coordi-
nates (right), and between VIS positions and the mean position of each
source over its repeated observations, after subtracting the median off-
set of each observing sequence (left).

each bin, the mean VIS−Gaia position residual is averaged first
per observation and per quadrant, then averaged across observa-
tions. The chromatic shift of each quadrant is the red-minus-blue
difference of these quadrant-averaged means, measured sepa-
rately for the ∆X and ∆Y components. The resulting map is
shown in Fig. 7.

One important consequence of this effect is that, as it is focal-
plane-position dependent, observations of the same object at dif-
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Fig. 6. Mean per-source residual in ∆X (left) and ∆Y (right) as a func-
tion of GBP−GRP averaged over all DR1 EWS observations. The shaded
region shows the 16th–84th percentile region of the per-skypatch means
in each colour bin.
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Fig. 7. Per-quadrant chromatic shift (red minus blue) across the VIS
FPA for the DR1 EWS, shown separately for the ∆X (left) and ∆Y
(right) components. The diverging colour scale is centred on zero and
shared between panels.

ferent PAs will be shifted slightly. This can be seen clearly when
(for example) comparing the dependence of astrometric residu-
als as a function of PA for objects in the self-calibration field,
where there are observations at many PAs. Consequently, ap-
plications in DR1 requiring sub-mas precision at the calibrated
frame level will require a correction for the chromatic shift effect
(Appendix B).

4.3. Photometric accuracy of the merged DR1 catalogues

We compared the photometry of the 18.5 < IE < 19.8 EWS
reference sample with matched Gaia sources as well as repeat
observations of the same source, considering a hierarchy of in-
creasing spatial scales: individual sources; quadrants; CCDs; the
FPA; skypatches; and the full DR1 set of EWS skypatches. We
used the 13-pixel-diameter fixed-aperture photometry in the VIS
catalogues, from which we subtracted the supplied aperture cor-
rection, APERCORR = 0.0655, derived from the mean difference
between stellar fluxes measured in 13- and 50-pixel diameter
apertures.
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Fig. 8. Internal and external photometric residuals across the VIS fo-
cal plane for the DR1 EWS. Each of the 144 quadrants is colour-coded
by its mean photometric residual on a diverging colour scale centred on
zero. Left: internal residuals, the difference between each observation of
a source and its mean magnitude (Sect. 4.3); the quadrant means range
from −2.7 to +1.5 mmag and the per-quadrant single-measurement scat-
ter from 10.5 to 12.5 mmag. Right: external residuals, VIS−Gaia DR3;
the quadrant means range from −0.3 to +7.6 mmag and the per-quadrant
scatter from 24 to 26 mmag.

Each matched source has Gaia G, GBP and GRP magnitudes.
These magnitudes are transformed to IE as described in Ap-
pendix A.

Internal photometric residuals are given by the magnitude
difference between each source observation and the mean mag-
nitude of all its observations, IE − ⟨IE⟩, after subtracting the me-
dian residual of each observing sequence (usually four dithered
nominal exposures). For external residuals we compute IE −G′,
where G′ is the Gaia magnitude transformed to the IE band. Be-
fore computing these statistics, we reject measurements in each
skypatch whose external residual deviates from the patch me-
dian by more than three times the normalised median absolute
deviation; this removes 4.5% of the measurements, which are
excluded from both the internal and external statistics. Around
half of the rejected measurements belong to sources that are re-
jected in every exposure, more than half of which are classified
by Gaia as quasars or variables, for which the stellar Gaia-to-IE

transformation is not valid; the remainder are isolated discrepant
measurements of otherwise well-behaved stars. As for the as-
trometry, each cell is characterised by the mean residual over all
measurements in the cell, in this case the signed mean ⟨∆m⟩c.
The quantity σs is the repeatability of a single measurement,
computed with n − 1 degrees of freedom for a source observed
n times. The small remaining internal mean of −0.5 mmag is a
consequence of subtracting the sequence medians from residuals
with a tail at brighter values. After applying a 5σ clip to internal
residuals it becomes +0.09 mmag.

Figure 8 shows these quantities averaged at quadrant level.
Internally, we find σs = 11 mmag and σq = 0.76 mmag at the
source and quadrant level, respectively, where the latter aver-
ages out the shot noise. Externally, we find σs = 25 mmag and
σq = 1.4 mmag and a mean offset of 3.8 mmag with respect to
Gaia, well below the 5% requirement on the absolute photomet-
ric error (R-CAL-A-VS-5000 in Euclid Collaboration: Schirmer
et al. 2026a).

Because each source is observed at several dither patterns,
the internal quadrant means provide an excellent test of the ac-
curacy of our illumination correction at quadrant scales. The

statistical uncertainty in the means at each quadrant is small
(0.05 mmag) and the internal and external maps are strongly cor-
related, so the same outlier quadrants are visible in both. The
largest internal offsets, up to about 2 mmag from the mean, are
in the outermost CCD rows along YFPA, which are offset by −0.7
and +0.9 mmag relative to the inner rows. Even these offsets are
well below the requirement that the post-calibration relative pho-
tometric error should be less than 1% (around 11 mmag; MRD-
WL-020 in Euclid Collaboration: Schirmer et al. 2026a).

4.4. Self-calibration field observations

The self-calibration field is observed each month as part of reg-
ular operations. Each set of observations is known as a ‘visit’
and comprises 60 dithers with nominal and short exposures; 16
additional dithers are repeated to accommodate the blue-grism
calibration (Euclid Collaboration: Schirmer et al. 2026a), giv-
ing a total of 76 nominal and 72 short exposures per visit. We
now analyse calibrated frame catalogues from these exposures
using the same procedure as previously. We construct a merged
catalogue of Gaia-matched VIS measurements from the 16 self-
calibration visits obtained between October 2023 and May 2025
(including four visits from before the start of the survey to extend
the time range), containing 4 167 347 measurements grouped
into 11 245 matched sources. Restricting to nominal exposures
and selecting sources with SNR ≥ 10, 18.5 < IE < 19.8, and
detections in at least two visits yields a photometric reference
sample of 4352 stars.

The first two rows of Table 2 report the RMS visit-to-
visit scatter of the reference-ensemble median offsets (1.5 mmag
over all visits, 0.55 mmag post-decontamination) and the scat-
ter of the per-visit median VIS−Gaia residuals (1.6 mmag /
0.90 mmag). The factor of three reduction after decontamination
indicates that the applied photometric corrections track the as-
sociated throughput variations to about 1 mmag; the same refer-
ence sample records a throughput change of 4–5 mmag across
the decontamination interval. Because the same self-calibration
visits are used to derive the zero-point model, this is not a fully
independent test; a more robust test would exclude each visit
from the calibration in turn. The wide-survey photometric data
in Sect. 4.3, which does not enter the calibration, provides such
an independent check, with quadrant-level internal and external
dispersions of 0.76 and 1.4 mmag.

As an independent cross-check, we compute residuals be-
tween the white-dwarf reference standard J175318+644502, an
HST secondary flux standard in the self-calibration field (sec-
tion 7.2 in Euclid Collaboration: Schirmer et al. 2026a), and
the nominal-exposure reference sample, finding a scatter of
9.6 mmag over all visits and 6.6 mmag post-decontamination
(last row of Table 2). Given this substantially larger scatter, we
prefer photometric zero-point determinations based on Gaia-
matched stars. These self-calibration uncertainties are consistent
with the quadrant-level σq values of 0.76 mmag (internal) and
1.4 mmag (external) derived over the entire EWS (Sect. 4.3, Ta-
ble 1).

4.5. Deep field observations

The EDS (Euclid Collaboration: Mellier et al. 2025) contains
three deep fields (Euclid Deep Field North, South, and For-
nax) comprising 23 skypatches in DR1 which are repeatedly
observed throughout the survey. In DR1, some deep skypatches
contain up to 52 separate visits. We analysed the calibrated frame
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Table 2. Self-calibration photometric scatter for the 4352-star nominal-
exposure reference sample, for all visits and for the visits after the de-
contamination event.

Quantity All Post-dec.
[mmag] [mmag]

Reference-ensemble visit scatter 1.5 0.55
Per-visit VIS−Gaia residual 1.6 0.90
White-dwarf vs. reference sample 9.6 6.6

catalogues from all DR1 deep fields. We find that photomet-
ric and astrometric accuracy is very similar to the figures re-
ported here for the wide survey. Over the deep skypatches, the
quadrant-level internal and external astrometric dispersions are
σq = 0.07 and 0.18 mas, and the photometric dispersions are
0.50 and 1.2 mmag (with 0.08, 0.18 mas and 0.76, 1.4 mmag for
the wide survey; Table 1). The external source-level dispersions,
5.7 mas and 24 mmag, are also almost the same.

4.6. Image quality

Figure 9 shows the median full width at half maximum (FWHM)
of sources in our EWS stellar reference catalogue in each quad-
rant over the focal plane. The FWHM measurement is SExtrac-
tor’s FWHM_IMAGE which assumes a Gaussian profile. Even the
extreme quadrant values are below the requirement that the PSF
FWHM should be smaller than 0 .′′18 (MRD-WL-002 in Euclid
Collaboration: Schirmer et al. 2026a).
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Fig. 9. Median PSF FWHM_IMAGE across the VIS focal plane for Gaia-
matched sources in the DR1 EWS reference sample. The colour bar
limits cover 2nd–98th percentiles of the distribution. The focal plane
median FWHM is 0′′.140, with a 16–84 percentile range across quad-
rants of 0′′.135–0′′.150; edge quadrants reach ∼ 0′′.176.

The broad bandpass of VIS (see appendix E in Q1VIS)
means that for a given source, the measured FWHM in VIS de-
pends on intrinsic colour. Figure 10 shows the clear dependence
of FWHM as a function of GBP −GRP. For a sample of stars split
at GBP −GRP = 1.5, red stars have a median FWHM 3.3% larger
than the blue stars in the same quadrant (mean over all quad-
rants). We also found that this colour-dependent effect varies by
0.5% (RMS) over all quadrants in the focal plane.

Interestingly, the bump visible at 0.30 < GBP − GRP < 0.45
(and which is even clearer in FLUX_RADIUS) is a consequence of
quasi-stellar object (QSO) contamination. In this colour range,
56% of the sources have proper motions consistent with zero,
compared with 3–5% for those with GBP −GRP > 0.75.
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Fig. 10. Median stellar FWHM as a function of Gaia GBP −GRP colour
for the same sample, averaged over all DR1 EWS exposures. The
shaded band shows the 16–84 percentile patch-to-patch range and the
dotted horizontal line marks the survey median. The label gives the ra-
tio of the median FWHM of stars with GBP − GRP > 2 to that of stars
with GBP −GRP < 1, minus one.

4.7. Testing for residual brighter-fatter or non-linearity effects

Non-linearity (NL) means that for brighter sources, the number
of analogue-to-digital units (ADUs) read out from the detec-
tor is a non-linear function of the number of incident photons.
The BFE is a consequence of the differing charge distributions
between brighter and fainter sources. It leads to a PSF which
is more extended for brighter sources and narrower for fainter
sources.

In DR1, both BFE and NL are corrected using techniques
outlined in sections 3.9 and 3.6, respectively, of Q1VIS. In gen-
eral, these effects are interrelated and it can be difficult to sepa-
rate them. However, we attempted to see if residual uncorrected
BFE or NL could be detected in our reference star catalogue by
comparing observations of the same source in short and nominal
exposures.

This is illustrated in Fig. 11. For each unique source, we con-
sider the difference of the following quantities between nomi-
nal and short exposures as a function of aperture magnitude: the
peak surface brightness; the difference between the first and sec-
ond aperture magnitudes; and lastly, the FWHM. When there
are multiple observations of the same object, per-exposure-type
medians were computed. Within our measurement uncertainties,
we detect no dependence of these quantities on magnitude, and
therefore no evidence of any residual BFE or NL in our data.
However, small constant offsets are visible in each panel. In the
top panel, we interpret a slightly negative nominal-minus-short
peak surface brightness as consistent with a slight overcorrection
of the BFE. The second panel shows a constant magnitude offset
with aperture magnitude. This was already noticed in Q1VIS;
it is consistent with the uncorrected shutter effect. Finally, the
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slightly positive FWHM difference we report also depends on
XFPA in an equivalent manner to the shutter correction.
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Fig. 11. Nominal-minus-short differences for Gaia-matched stars in
nominal and short exposures, for 1′′.3-diameter aperture magnitudes
in the overlap interval [18.5, 21.0]. For each source and quantity P,
∆P = ⟨P⟩nominal − ⟨P⟩short, where ⟨P⟩ denotes the median of all observa-
tions of the source in nominal and short exposures, respectively. Panels
show, from top to bottom: peak surface brightness ∆µmax; the curve-of-
growth metric ∆(m1 − m2), where m1 and m2 are the MAG_APER_1 and
MAG_APER_2 magnitudes in apertures of 0′′.7 and 1′′.3 diameter, respec-
tively; and image FWHM. Solid lines are the median across all 50 EWS
skypatches (2 036 826 matched stars), while the shaded bands show the
16–84 percentile range of per-patch medians in each magnitude bin.

4.8. Testing the depth-scaling relationship in the Euclid
Ultra-Deep Field

All tests presented until now have been based on statistics of
bright, unsaturated stars in single VIS exposures. As an addi-
tional quality control check, we investigate the properties of
stacked VIS data. The Euclid ultra-deep field (EUDF) will be
one of the deepest optical images ever made, and comprises
coadded VIS and Near-Infrared Spectrometer and Photometer
(NISP) exposures taken in the self-calibration field. In DR1,
there are more than 3000 VIS exposures in this region. We can
use the VIS DR1 EUDF data to investigate the scaling relation-
ship between exposure time and depth and to investigate if there
are any residual sources of systematic error or noise.

A complete description of the EUDF processing is given
in a forthcoming paper (McCracken et al., in prep.). The self-
calibration dither pattern (figure 3 in Euclid Collaboration:

Schirmer et al. 2026a) means that after coaddition each region
of the field has a different effective exposure time and as a con-
sequence differing depths. In the EUDF, all VIS exposures have
been coadded to a pixel scale of 50 mas in a series of tiles us-
ing a custom pipeline based on the Drizzle (Fruchter & Hook
2002) algorithm. Over a grid in each tile, we compute the depth
by measuring the variance of the sky background in empty 0′′.5
apertures on 100 mas block-summed mosaics after masking ob-
ject pixels. By comparing the depth at each location with the total
exposure time that contributed to that measurement, we can de-
rive the exposure time–depth relationship. We also exclude any
aperture that falls on the extended wings or artefacts of a bright
star not captured by our object mask, built using Gaia DR3 stars.
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Fig. 12. 5σ IE limiting magnitude as a function of exposure time in
the EUDF. The two-dimensional histogram shows the individual depth
measurements, made in empty 0′′.5 apertures after masking bright stars
and artefacts, and is shaded by the number of apertures in each bin.
The solid red line is the median depth in bins of exposure time, and the
dotted red lines the 16th and 84th percentiles. The dashed black line
is the extrapolation of a fit made at shorter exposure times (solid line).
We attribute the 0.2 mag deviation of the red line from the extrapolated
relation to the presence of residual large-scale object flux.

This is shown in Fig. 12, where the red line shows the me-
dian 5σ depth as a function of exposure time and the solid black
line a straight-line fit over 1.5×104 < t < 8×104 s. The extrapo-
lation of this fit to longer exposures is shown as the dashed line.
The slope gradually flattens, falling 0.2 mag below the extrapo-
lated relation in the deepest regions. To investigate the source of
this noise floor, we experimented with changing the object mask-
ing threshold. If there was an unaccounted systematic linked to
residual flat-field errors, or a detector residual, it should not de-
pend on masking threshold.

The top panel of Fig. 13 shows the median of the source-
masked sky in the deepest EUDF tile together with the distri-
bution of smoothed sky pixels (bottom panel). Nominal mask-
ing results in pixels clearly polluted by object flux. A correla-
tion analysis shows that this extra light is present at all scales.
Lowering the masking threshold removes it, but leaves almost
no sky to measure. The excess is therefore attached to the de-
tected sources, and is consistent with the change in slope in the
exposure time–depth relation arising from the diffuse light of
faint galaxies. We cannot, however, exclude a contribution from
unmasked ghosts or residuals in the background subtraction.
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Fig. 13. Top panel: Median of the source-masked sky in 1′′.6 cells
in the deepest EUDF tile in per-pixel noise units. The red haloes
around the grey-masked sources are unmasked low-surface-brightness
wings of galaxies. We note that there are many unmasked sources.
The background level is slightly negative due to oversubtraction by
NoiseChisel. Bottom panel: distribution of sky pixels smoothed at
1′′scales with two different masks. The nominal masking curve (pur-
ple) shows clearly the presence of objects in the extended tail, whereas
the aggressive masking curve (green) removes them.

5. Known caveats

5.1. PSF estimation

During DR1 validation, we found that photometric quantities es-
timated from PSF fitting (e.g., MAG_MODEL) using the VIS DR1
PSFs had a larger-than-expected scatter. The origin of this scatter
is an inconsistent PSF normalisation between quadrants, which
is caused by over-fitting of each quadrant’s PSF by using a
second-order polynomial to model the variation of the PSF with
position on the detector. In some quadrants, there are not enough
stars to determine the PSF accurately. Therefore, the MAG_MODEL
quantities provided in the calibrated frame catalogues should be
treated with caution. We note that PSF-fitted photometry is not
used inside VIS PF and so this PSF inaccuracy does not affect
any VIS data products beyond the calibrated frame catalogues.
In preparation for DR2, we have generated a new PSF fitted
with a first-order polynomial, greatly reducing the quadrant-to-
quadrant normalisation scatter.

5.2. Uncorrected image artefacts

Several minor artefacts are still present in VIS images. Very
bright (IE ∼ 10) stars can produce bleeding along the serial
register. This creates bands in the calibrated exposures and in
MER processing function (MER PF) mosaics. This effect will
be corrected in Data Release 2 (DR2). A related effect, readout
node persistence, can smear bright pixels along the serial read-
out direction. Candidate algorithms are being investigated to cor-
rect this effect in DR2. In deep images, some unmasked ghosts
are still present (visible sometimes as a small diffuse object in
the images), and one potential solution involves changing the
mask threshold for the parent ghost star. These unmasked ghosts
can produce spurious detections in the MER PF catalogues; im-
proved masking will be delivered as part of DR2.

5.3. Anomalously high astrometric distortions in skypatch 40

While validating the DR1 production, it was found that the fo-
cal plane residual distortion increased sharply between 15 and
18 June 2024, during observations of skypatch 40 (EWS) and
skypatch 39 (EDS). When considering the difference between
the two successive distortion models used around this period, it
appeared that the VIS focal plane underwent a significant defor-
mation or warping along its top-right to lower-left diagonal. The
origin of this deformation is unclear, but it occurred shortly after
the second ice decontamination (on 8 June 2024) and may have
been caused by temperature variations induced by the decontam-
ination. Both skypatches were processed with the same distor-
tion model, but only skypatch 40 shows a measurable anomaly:
in these exposures the largest per-quadrant mean residual has a
median of 23 mas, compared with 9 mas (and at most 17 mas) in
the other skypatches; skypatch 39 is within the nominal range.
The mean residual over the focal plane remains below the re-
quirement. We therefore exclude skypatch 40 from the astromet-
ric analysis in Sect. 4.2. Fortunately, skypatch 40 was immedi-
ately followed by a self-calibration visit (on 19 June 2024), from
which an updated distortion model was derived and used. No
other significant focal plane deformation was detected in DR1.

6. Conclusions

We have presented the data products and processing algorithms
used to produce VIS DR1 data products. These data products
meet the stated requirements, with astrometric and photomet-
ric precision quantified at the source, patch, and quadrant level.
We characterised the chromatic shift, which may need to be cor-
rected in future data releases.

Although the RMS of the quadrant-averaged astrometric
residuals is 0.41 mas, and the mean residual per exposure is be-
low the 3 mas requirement for 99.8% of DR1 images, a more
detailed investigation shows that on scales below 22′′ the spuri-
ous edge ellipticity exceeds the 3 × 10−5 level, although the re-
quirement itself is defined after averaging within 4′. These dis-
tortion residuals are sufficient for DR1 but will need to be im-
proved for DR2. No evidence of residual brighter-fatter-effect or
non-linearity is seen in our data products. The noise floor in the
deepest VIS images appears to be set by the extended diffuse
light of faint galaxies.

At the time of writing (November 2026) preparations for
DR2 are well underway. The next data release will provide VIS
data over more than three years of observations, and is expected
to cover approximately 5800 deg2 and contain more than 120 000
VIS calibrated frames. The uncompressed data volume including
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associated products is expected to be more than 1.5 PB. Such a
large data volume will require a rigorous approach to validation
and quality control, but we are confident in the foundations we
have laid down here in DR1.
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Appendix A: Transformation from Gaia to IE

magnitudes

Throughout this paper, predicted IE magnitudes of Gaia stars are
computed from the Gaia G, GBP, and GRP magnitudes using a
transformation stored in the Euclid mission database. For com-
pleteness, we reproduce this transformation here.

The Gaia magnitudes are first converted from the Vega to
the AB system by adding 0.1136, 0.0155, and 0.3561 mag to G,
GBP, and GRP, respectively. With the AB colour

C = GBP −GRP − 0.3406 , (A.1)

the predicted magnitude is

IE = G + 0.1136 − f (C) , (A.2)

where f (C) is the tabulated relation given in Table A.1, valid
for 0.079 < C < 2.921. Sources outside this colour range are
not used in the photometric analysis. Linear interpolation in Ta-
ble A.1 reproduces the original relation, sampled at 1000 points,
to better than 2 mmag.

Table A.1. Tabulated Gaia-to-IE relation f (C) of Eq. (A.2), as a function
of the AB colour C (Eq. (A.1)).

C f (C) C f (C) C f (C)
[mag] [mag] [mag] [mag] [mag] [mag]
0.079 0.0432 1.100 0.3706 2.100 0.5417
0.200 0.0990 1.200 0.3956 2.200 0.5496
0.300 0.1382 1.300 0.4195 2.300 0.5570
0.400 0.1658 1.400 0.4381 2.400 0.5676
0.500 0.1963 1.500 0.4537 2.500 0.5731
0.600 0.2328 1.600 0.4723 2.600 0.5762
0.700 0.2621 1.700 0.4907 2.700 0.5844
0.800 0.2899 1.800 0.5079 2.800 0.5969
0.900 0.3179 1.900 0.5208 2.900 0.6139
1.000 0.3432 2.000 0.5318 2.921 0.6181

Appendix B: Chromatic shift as a function of colour

Table B.1 lists the chromatic shift of Fig. 6 in bins of GBP −

GRP and of G − GRP. For red stars (GBP − GRP > 1.75), the
parallax-corrected ∆X at fixed GBP − GRP still increases with
parallax, by up to 1.4 mas, whereas at fixed G −GRP it does not;
for these stars G − GRP is the better predictor of the shift. The
astrometric solution of each exposure is fitted to Gaia stars of
all colours, so the zero point of Table B.1 is set by their mean
colour (GBP − GRP ≈ 1.7, G − GRP ≈ 0.9) and varies by 0.1–
0.3 mas between skypatches; only differences between colours
are physically meaningful. To correct the position of a star in a
single exposure, (∆X,∆Y) at its colour is subtracted in the focal-
plane frame and rotated to the sky with the position angle of that
exposure, inverting Eq. (3).

Appendix C: VIS shutter opening time

Science cases involving transients or fast-moving objects will
require the exact (central) time of VIS integration for every ex-
posure. The DATE-OBS header item in the VIS FITS file is de-
scribed as ‘UTC Date of observation (start)’5, but there is a vary-
ing offset from this time to when the VIS shutter is fully open.

5 https://euclid.esac.esa.int/dr/dr1/dpdd

Table B.1. Chromatic shift: mean VIS−Gaia DR3 astrometric residual
along XFPA (∆X) and YFPA (∆Y) after the parallax correction, in bins
of GBP − GRP and of G − GRP (Gaia Vega magnitudes), for the EWS
reference sample of Fig. 6; values are relative to the mean colour of the
Gaia stars used for the astrometric calibration (see Appendix B).

GBP −GRP ∆X ∆Y G −GRP ∆X ∆Y
[mag] [mas] [mas] [mag] [mas] [mas]

0.50–0.75 −1.37 0.29 0.30–0.40 −1.39 0.30
0.75–1.00 −1.21 0.25 0.40–0.50 −1.30 0.27
1.00–1.25 −0.92 0.18 0.50–0.60 −1.09 0.22
1.25–1.50 −0.57 0.09 0.60–0.70 −0.85 0.16
1.50–1.75 −0.08 0.01 0.70–0.80 −0.53 0.11
1.75–2.00 0.50 −0.12 0.80–0.90 −0.10 0.00
2.00–2.25 1.15 −0.22 0.90–1.00 0.42 −0.11
2.25–2.50 1.70 −0.30 1.00–1.10 1.07 −0.23
2.50–2.75 2.12 −0.32 1.10–1.20 1.77 −0.30
2.75–3.00 2.56 −0.37 1.20–1.30 2.39 −0.36

. . . . . . . . . 1.30–1.40 3.08 −0.48

Notes. Residuals are VIS minus Gaia DR3 positions propagated to the
epoch of observation, for sources with 18.5 < IE < 19.8 in nominal
EWS exposures (skypatch 40 excluded), rotated into the focal-plane
frame (Eq. (3)) after subtracting the parallactic displacement (Eq. (1)).
In each colour bin we average over sources per quadrant, over quadrants
per exposure, and over exposures per skypatch; the values are the means
over the 49 skypatches, with standard errors below 0.09 mas.

While this information is available in the housekeeping teleme-
try (HKTM), it is not included in the FITS file header.
DATE-OBS is defined as the time of the beginning of a se-

quence of events within the VIS instrument. The shutter open-
ing actuation is executed after flushing and surface inversion of
the detectors, and the full opening of the VIS readout shutter
unit (RSU) is typically offset from DATE-OBS by ∼ 7.7 s (prior
to 2024-01-26 00:35:00 UTC, ∼ 9.6 s), with a spread of ∼ 0.1 s.

The exact date-time for every event is available in the
HKTM (Level 1 DpdHKTMProduct). For any open-shutter
exposure, the VIS instrument records the following four
events: VIS-START-OPEN-SHUTTER, VIS-SHUTTER-OPEN
(RSU is fully open), VIS-START-CLOSE-SHUTTER,
VIS-CLOSE-SHUTTER (RSU is fully closed). These event
timestamps show that shutter motion durations are con-
stant at 2.739 s, for both opening and closing. Hence,
the duration of shutter opening should be EXPTIME
+(2 × 2.739) s, but the actual duration of shutter opening,
(VIS-CLOSE-SHUTTER− VIS-START-OPEN-SHUTTER), can be
off by up to 10 ms excess due to messaging overhead.

To obtain the true start and end of the integration time, one
needs to know when the shutter leaf intersects the beam that cov-
ers the VIS focal plane. We estimate that the shutter begins open-
ing the beam 0.17 s after beginning its motion, and that the beam
is fully open after 2.20 s. Note that the exposure time distribution
across the VIS detector arrays has an (approximately linear) gra-
dient due to how the VIS shutter operates; see figure 7 of Euclid
Collaboration: Schirmer et al. (2026a).

Article number, page 18

https://euclid.esac.esa.int/dr/dr1/dpdd
https://euclid.esac.esa.int/dr/dr1/dpdd

	Introduction
	 Processing VIS DR1 data
	 A brief summary of the DR1 VIS processing function
	A brief description of DR1 VIS calibration 
	Changes compared to Q1

	 DR1 input data validation
	 Global performance analysis of VIS DR1 data
	 Creation of the DR1 merged catalogues and reference sample
	 Astrometric accuracy of the merged DR1 catalogues
	 Average focal-plane residual map
	 Internal and external astrometric residuals
	The chromatic shift effect

	Photometric accuracy of the merged DR1 catalogues
	Self-calibration field observations
	Deep field observations
	Image quality
	Testing for residual brighter-fatter or non-linearity effects
	Testing the depth-scaling relationship in the Euclid Ultra-Deep Field

	 Known caveats
	 PSF estimation
	 Uncorrected image artefacts
	Anomalously high astrometric distortions in skypatch 40

	 Conclusions
	Transformation from Gaia to IE magnitudes
	Chromatic shift as a function of colour
	 VIS shutter opening time

