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ABSTRACT

Several new galaxy-galaxy strong gravitational lenses have been detected in the early release observations (ERO) from Euclid. The all-sky survey
is expected to find 170000 new systems, which are expected to greatly enhancing studies of dark matter and dark energy, and to constrain
the cosmological parameters better. As a first step, we visually inspect all galaxies in one of the ERO fields (Perseus) to identify candidate
strong-lensing systems and compared them to the predictions from convolutional neural networks (CNNs). The entire ERO dataset is too large
for an expert visual inspection, however. In this paper, we therefore extend the CNN analysis to the whole ERO dataset and use different CNN
architectures and methods. Using five CNN architectures, we identified 8469 strong gravitational lens candidates from /g-band cutouts of 13 Euclid
ERO fields and narrowed them down to 97 through visual inspection. The sample includes 14 grade A and 31 grade B candidates. We present the
spectroscopic confirmation of a strong gravitational lensing candidate, EUCL J081705.61+702348.8. The foreground lensing galaxy, an early-type
system at z = 0.335, and the background source, a star-forming galaxy at z = 1.475 with [O 1T] emission, are both identified. The lens modelling
with the Euclid strong lens modelling pipeline revealed two distinct arcs in a lensing configuration, with an Einstein radius of 1”718 +07”03. This
confirms the lensing nature of the system. These findings demonstrate that CNN-based candidate selection followed by visual inspection provides
an effective approach for identifying strong lenses in Euclid data. They also highlight areas for improvement in future large-scale implementations.
Key words. gravitational lensing: strong
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1. Introduction

The deflection of light rays from a distant background source
by a massive foreground object is known as strong gravitational
lensing. It produces multiple resolved images, arcs, or Einstein
rings, depending upon the relative positions and alignment of
the source, lens, and observer. Strong lensing has many impor-
tant applications, such as (i) mapping the mass distribution of
galaxy (Broadhurst et al. 1995; Limousin et al. 2005; Koopmans
2004; Nightingale et al. 2019; Turyshev & Toth 2022), (ii) pro-
viding constraints on dark energy (Sarbu et al. 2001; Sereno
2002; Meneghetti et al. 2005; Biesiada 2006; Oguri et al. 2008;
Shiralilou et al. 2020) and dark matter (Tortora et al. 2010;
Gilman et al. 2019; Nadler et al. 2021; Vegetti et al. 2024),
(iii) constraining the slope of the inner mass-density pro-
file (e.g. Treu & Koopmans 2002; Zhang 2004; Gavazzi et al.
2007; Koopmans et al. 2009; Zitrin et al. 2012; Spiniello et al.
2015; Lietal. 2018; He et al. 2020; Sengiil & Dvorkin 2022),
and (iv) measuring the Hubble constant (Hj) using time-delay
cosmography between multiple imaged sources (Rhee 1991;
Kochanek & Schechter 2003; Grilloetal. 2018; Treu et al.
2022; Shajib et al. 2023; Birrer et al. 2024).

Gravitational lensing is sensitive to the presence of all fore-
ground matter, regardless of whether this matter is in the form
of visible baryonic matter or dark matter. To a very good
approximation, dark matter appears to be collisionless and lacks
detectable signatures of interactions via any of the fundamen-
tal forces except gravity. Gravitational lensing is therefore one
of the few observational techniques that can map the distri-
bution of dark matter, which drives the growth of large-scale
structures in the Universe and dominates the cosmic matter
budget.

The FEuclid mission (Euclid Collaboration: Mellier et al.
2025) is a 1.2m space survey telescope with primary sci-
ence objectives that include measurements of cosmic shear
from weak lensing, and galaxy clustering, from which cos-
mological parameter constraints follow. Euclid was suc-
cessfully launched in July 2023 and is in the process
of observing approximately one-third of the sky in its
wide survey (Euclid Collaboration: Scaramella et al. 2022), and
~50 deg® in its deep fields, which is about two magni-
tudes deeper than the wide survey. The Euclid instruments
consist of a visible imager (VIS), a near-infrared imager,
and a slitless spectrometer (NISP), and they are described
in more detail in Euclid Collaboration: Cropper et al. (2025)
and Euclid Collaboration: Jahnke et al. (2025), respectively. The
vast imaging and spectroscopic dataset from the Euclid sur-
vey enables a wide range of legacy science. Datasets such
as these generally excel in their potential for discovering rare
objects.

Euclid is widely expected to be transformative in the field
of strong gravitational lensing, with 170 000 galaxy-scale strong
lenses predicted in its wide survey (e.g., Collett 2015). This will
increase the number of known strong lenses by about two orders
of magnitude. This creates a new frontier of rare object discov-
ery, such as the detection of highly magnified high-redshift (e.g.
z > 2) background sources, or of jackpot systems with two back-
ground galaxies that are magnified at different redshifts by the
same foreground lens. Each of these detections opens the possi-
bility of a range of new legacy science goals for Euclid, includ-
ing the direct detection and statistical characterisation of the dark
matter halo substructure (e.g., Vegetti & Vogelsberger 2014;
Hezaveh et al. 2016; Li et al. 2016, 2017; Despali et al. 2018;
O’Riordan et al. 2023), geometrical constraints on the dark
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energy equation of state (e.g., Gavazzi et al. 2008; Stern et al.
2010; Shlivko & Steinhardt 2024), and the calibration of the
initial mass function of early-type galaxies (Treu et al. 2010;
Barnabe¢ et al. 2013; Leier et al. 2016).

It is a challenge to identify these ~10° strong lensing
systems among the ~10° Euclid galaxies, however. Driven
by Euclid and other major sky surveys, many authors
have developed machine-learning methods for finding
strong gravitational lensing systems (e.g., Petrillo et al.
2017, 2019a,b; Lanusse et al. 2018; Pourrahmani et al. 2018;
Schaefer et al. 2018; Davies et al. 2019; Metcalf et al. 2019;
Lietal. 2020, 2021; Christ et al. 2020; Cafiameras et al. 2020;
Gentile et al. 2021; Rezaeietal. 2022; Andikaetal. 2023;
Savary et al. 2022; Euclid Collaboration 2025; Wilde et al.
2022; Nagam et al. 2023, 2024).

The first data released from FEuclid were the early release
observations (ERQO) (Cuillandre et al. 2025a,b; Martin et al.
2025; Massari et al. 2025; Hunt et al. 2025; Saifollahi et al.
2025; Marleau et al. 2025; Kluge et al. 2025; Atek et al. 2025;
Weaver et al. 2025). As a first test for the existence of a
large population of strong gravitational lenses, Barroso et al.
(2025, hereafter AB24) inspected all galaxies in the Perseus
ERO field (Cuillandre et al. 2025b). They reported three gravi-
tational lensing systems (called grade A candidates), 13 prob-
able systems (grade B candidates), and 52 possible strong
lenses (grade C candidates). These were compared to the
results of 21 convolutional neural network (CNN) architec-
tures in Pearce-Casey et al. (2025, hereafter PC24), with the
result that CNNs produce lens candidate lists that are only
~10% pure at best. The best-performing CNN was also one
of the deepest networks that was pre-trained on over one hun-
dred million galaxy classifications from the Galaxy Zoo cit-
izen science project (Lintottetal. 2008), with a final layer
fine-tuned by re-training on strong lenses painted onto real
galaxy images from the Euclid ERO datasets. Some similari-
ties were observed in the false positives (FP), however, such
as spiral arms in the target galaxy. This suggested that further
improvements of the CNN architecture or training process are
possible.

The entire Euclid ERO dataset is too large for expert vol-
unteers to conduct this examination of every galaxy in a timely
fashion. Therefore, we present the results of our search for strong
gravitational lenses in the remainder of the Euclid ERO data
here. We used a CNN-based approach followed by visual inspec-
tion. In performing this analysis, we took an approach inspired
by previous works (Jacobs et al. 2017, 2019; Andika et al. 2023;
Nagam et al. 2023) by comparing the outputs of various CNN
lens finders. Inevitably, the vast majority of the Euclid strong
gravitational lenses will first be identified through an initial
CNN search, followed by visual inspection. This CNN search
inevitably misses some strong lensing systems, however, which
results in a population of false negatives. We attempt to miti-
gate this by considering a diversity of CNN approaches here
and search for systems that are detected by one CNN and not
by another. This approach is particularly important for discover-
ing rare lensing configurations that will contribute to the Euclid
legacy science goals.

This paper is structured as follows. In Sect. 2 we sum-
marise the Euclid ERO data characteristics and the processing
we applied to them to detect strong gravitational lenses with
CNNs. Section 3 presents the method we used. The results are
presented in Sect. 4, and the results of a recent spectroscopic
follow-up are presented in Sect. 5. The summary and the con-
clusions are discussed in Sect. 6.
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2. Euclid Early release observation data

The Euclid ERO data release covers 17 Galactic and extragalac-
tic fields. The objective was to acquire scientific observations
for communication and early scientific results before the start of
the nominal mission (Euclid Early Release Observations 2024;
Cuillandre et al. 2025a).

We focus on all the ERO fields except for the Perseus clus-
ter, which has already been mined for lenses in AB24 and PC24.
All ERO fields were covered by the VIS and NISP instruments.
In Table A.1 we only present the VIS statistics for brevity, how-
ever. We refer to Cuillandre et al. (2025a) for a more complete
overview.

Given the O(10°) sources in the whole ERO catalogues, we
narrowed down our selection to extended sources brighter than
23 magnitudes in VIS /g band. This agrees with the selection
used in AB24 and PC24. Thus, the selection corresponded to
MAG_AUTO < 23 and CLASS_STAR < 0.5 in the VIS catalogues
for a total of 377472 sources. This classification is conservative
and includes a significant fraction of stars. Analysis of cut-out
densities in the Perseus cluster field (PC24), which serves as a
representative high-contamination case, revealed a stellar con-
tamination of ~50% when compared to previous Euclid analyses
(AB24). This motivated our conservative approach to the object
classification.

We created postage stamps for every selected source. Each
stamp covered 979 X 9”9, which corresponds to 99 x 99 pixels
in VIS and 33 x 33 pixels in the NISP bands. The stamp size
was kept large enough to include any galaxy-scale lensing effects
because the typical Einstein radius is rarely larger than 3”. The
size was also small enough to keep only the relevant information,
without contamination from nearby sources.

3. Method
3.1. Overview of CNNs

We employed the following CNN models: 4-Layer CNN
(Manjon-Garcia 2021), DenseLens (Nagametal. 2023),
Lens-CLR (Andika et al., in prep.), MRC-95 (Wilde 2023),
and Naberrie (Wilde 2023). For a detailed overview of these
models and their application to the Euclid ERO Perseus field,
we refer to PC24. Each CNN model was trained on different
datasets and used different architectures, thereby capturing a
wide variety of lensing and non-lensing features (see PC24
for more details). We expect that training models on different
datasets with different architectures will help us achieve a better
generalisation performance.

3.1.1. LensCLR

This model implements a semi-supervised learning framework
using contrastive learning for pre-training, followed by super-
vised fine-tuning that is designed to leverage labelled and unla-
belled data for an improved generalisation. The architecture con-
sists of an EfficientNetV2B0 (Tan & Le 2021) backbone that
generates 1280-dimensional feature representations, coupled
with a two-layer projector network for contrastive learning dur-
ing pre-training. The initial training used approximately 500 000
unlabelled Perseus cluster sources, including galaxies, stars,
quasars, and artefacts, where the model learned to associate
augmented views of identical sources while distinguishing dif-
ferent sources through InfoNCE loss (van den Oord et al. 2018)
optimisation. The fine-tuning employed 100 000 labelled simu-

lations from the second lensing challenge (Metcalf et al. 2019)
with frozen encoder weights and a single-neuron classification
head trained via binary cross-entropy loss. The semi-supervised
approach was motivated by the challenge of obtaining large
labelled datasets while capitalising on abundant unlabelled astro-
nomical data to capture diverse morphological patterns. This
method aims to improve the model robustness and reduce
labelling costs while potentially enhancing performance on real
observational data through exposure to authentic astronomical
image characteristics during pre-training.

3.1.2. DenselLens

Denselens implements an ensemble approach combining four
classification networks with four regression networks based on
the DenseNet architecture, where layers are densely connected
in a feed-forward manner for an enhanced feature propagation.
The classification ensemble produces probability scores aver-
aged across networks, while the regression component ranks
candidates using information content (IC) values that quantify
the detectability of lensing features based on the source area
and FEinstein radius ratios. The training employed 10000 Kilo
Degree Survey (KiDS; de Jong et al. 2013) based simulations
with balanced lens and non-lens samples, where mock lenses
were painted over luminous red galaxies, and negatives included
various galaxy types and previously misclassified objects. The
ensemble method was chosen to improve the robustness through
model averaging and to provide both detection and ranking
capabilities for the lens candidates. This dual-stage approach
addresses the classification challenge and the need to prioritise
the most promising candidates for follow-up analysis.

3.1.3. 4-Layer CNN

This shallow convolutional network represents a computation-
ally efficient approach that was adapted from galaxy morpho-
logical classification studies, featuring four convolutional lay-
ers with varying kernel sizes (6 X 6, 5x5, 2x 2, and 3 x 3) fol-
lowed by two fully connected layers. The architecture incorpo-
rates ReLLU activations and strategic max-pooling after the sec-
ond and third convolutional layers to extract hierarchical fea-
tures from 10" x 10” image patches. The training used 60 000
simulated strong lenses from the second lensing challenge with
a 90/10 train-validation split that employed extensive data aug-
mentation, including zoom, rotation, and spatial shifts to pre-
vent overfitting. The model was optimised using binary cross-
entropy loss with Adam optimiser (Kingma & Ba 2015) over 20
epochs, designed specifically for the rapid processing of large
survey data. The initial testing revealed high false-positive rates
on real Perseus cluster data, however, which highlights poten-
tial domain adaptation challenges. This network was selected to
evaluate whether simpler architectures might achieve competi-
tive performance with reduced computational overhead.

3.1.4. Naberrie and Mask R-CNNs

The Naberrie network employs a U-Net segmentation architec-
ture (Ronneberger et al. 2015) with three distinct components:
an encoder for the feature extraction, a decoder for reconstruct-
ing lensed galaxy light, and a binary classifier for lens identifi-
cation. This approach differs from standard CNNs by incorpo-
rating up-sampling layers to maintain high-resolution outputs,
enabling the model to localise lensing features spatially. The
four Mask R-CNN (He et al. 2017) variants (MRC-95, MRC-99,
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MRC-995, and MRC-3) use ResNet-50 (Koonce 2021) back-
bones with frozen weights and modified final layers for the
binary classification. These models incorporate object detection
capabilities through mask generation at different brightness per-
centile thresholds (95th, 99th, and 99.5th percentiles). All net-
works were trained on 10000 Lenstronomy (Birrer & Amara
2018) generated simulations using lens parameters from the sec-
ond strong lensing challenge, with training conducted over 50—
100 epochs using Adam optimisation. The choice of these archi-
tectures was motivated by the need for interpretable models that
could provide spatial localisation of lensing features rather than
relying on post-training interpretability methods.

3.2. Candidate selection

We applied each of these CNN models to the 377 472 extracted
VIS cutouts and obtained five scores per source. To mitigate the
impact of noise on individual classifications, we clipped scores
below 0.1 and computed the geometric mean as the final score.
The arbitrary clipping step helped us to prevent the removal of
good candidates due to noisy classifications.

From the initial 16 ERO fields, a preliminary assessment was
conducted to optimise visual classification efforts by identifying
fields worthy of detailed inspection. Five independent inspec-
tors examined the top 500 cutouts from each field to evaluate the
overall quality of candidates. Based on this assessment, three
fields (Horsehead, IC 342, and NGC6254) were excluded from
our final analysis since fewer than three out of five inspectors
identified any viable candidates among their top-ranked cutouts.
These excluded fields that primarily consisted of stars and reg-
ular non-lens objects such as spiral galaxies. None exhibited
the characteristic morphological features of strong gravitational
lenses. After we established that the remaining 13 fields con-
tained promising candidates, we ranked the cutouts based on
the geometric mean values, and we selected the top 650 cutouts
from each of these fields. This resulted in a total of 8450 cutouts
chosen by the CNNs for further inspection. Mean and standard
deviation of the CNN scores for these top 650 candidates from
each field are provided in Table B.1. The selection was increased
from our initial target of 500-650 cutouts per field to main-
tain a manageable total sample size for visual inspection after
field exclusions, constrained by available human inspection time.
We used this rank-based approach instead of fixed CNN predic-
tion thresholds to account for the varying prediction distributions
produced by our different CNN models and to ensure consistent
sampling across fields with different contamination levels and
morphological complexity. We adopted the same approach as
AB24 and PC24, using both the VIS and NISP bands for visual
inspection, because the human eye is good at detecting subtle
colour variations (Marshall et al. 2009). We excluded the NISP
cutouts from the CNN inference process, however, to focus on
a single band, which is effective at capturing morphological fea-
tures (Petrillo et al. 2019a). We acknowledge that incorporating
additional bands might provide additional information and might
improve the classification performance.

3.3. Visual inspection of candidates

During the visual analysis of individual CNN model outputs, 19
additional notable candidates were identified across five fields
(Abell 2390: 7, Abell 2764: 6, HolmbergII: 2, NGC 2403: 2,
and NGC 6744: 2) and were manually included in the selec-
tion. While showing promising lensing features in individual
model results, these candidates were not selected by the CNN
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Fig. 1. Distribution of candidates by expert vote count during the first
stage of the visual inspection. The bar heights represent the number of
candidates that received the corresponding number of votes from the 12
experts.

ensemble because the scores from other networks in the ensem-
ble were low. This brought the total number of candidates to
8469, which were then subjected to a two-stage visual inspec-
tion approach. The two-stage method allows rapid contamination
removal before detailed classification. This approach was suc-
cessfully tested in previous studies (Euclid Collaboration 2025;
Savary et al. 2022; Barroso et al. 2025).

In the first stage, 12 experts used a mosaic tool to rapidly
clean obvious non-lens contaminants by voting for candidates
with potential lensing features. A vote indicates that the can-
didate exhibits morphological features consistent with gravita-
tional lensing and requires detailed analysis. Importantly, no spe-
cific features were prescribed to avoid bias toward common lens-
ing types. The voting results are illustrated in Fig. 1, where the
distribution shows the number of candidates that received up to
12 votes from the experts. Based on this voting, 183 candidates
that received three or more votes were selected for the second
stage of the detailed classification.

During the subsequent analysis, 32 of these 183 candidates
were identified as duplicates, however, which were removed
from the sample. These duplicates arose because the VIS source
catalogue itself contains multiple entries for the same physi-
cal source, with slight positional shifts within 1” between the
duplicate entries. This left 151 unique candidates, which then
underwent a second, more rigorous round of visual inspection.
Three visual inspectors completed only the first stage of inspec-
tion, while for the second stage, six new inspectors were added
and worked alongside nine inspectors who had completed both
stages, bringing the total to 15 experts. These experts graded
each candidate based on the presence of lensing features. They
used a grading scheme (see AB24) that categorised the candi-
dates into four grades: A, B, C, and X. In short, the grading
scheme implies the following:

— Grade A represents definite lenses with clear lensing fea-
tures.
Grade B suggests the presence of lensing features, but a con-
firmation requires additional data.
Grade C indicates lensing features that might also be
attributed to other physical phenomena.
Grade X refers to objects that are definitively not lenses.
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Fig. 2. Mosaic of the grade A lens candidates from the second round of visual inspection. For each candidate, we show the high-resolution /g-band
cutout on the left and the lower-resolution Hg, Y&, Ig composite on the right. The IAU name and field name are displayed at the top and bottom of
the /g-band cutout, respectively, and the final joint grade is shown in red at the bottom of the composite cutout. Each cutout is 9”79 X 9”79 in size.
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Fig. 3. Mosaic of the 12 out of 31 grade B lens candidates from the second round of visual inspection (see Appendix D for the complete sample).
For each candidate, we show the high-resolution /g-band cutout on the left and the lower-resolution Hg, Yg, Ig composite on the right. The IAU
name and field name are displayed at the top and bottom of the /s-band cutout, respectively, and the final joint grade is shown in red at the bottom
of the composite cutout. Each cutout is 979 x 9”79 in size.

4. Results dates, and 54 objects as grade X (non-lenses) during our visual
inspection process. The catalogue of all these candidates is
shown in Table C.1.

The 14 grade A candidates that represent definite lenses are
shown in Fig. 2. The 31 grade B candidates, which exhibit strong
lensing features but require further confirmation, are represented

by 12 examples in Fig. 3. Because there are so many grade C

We present an overview of the grade A, B, and C candidates
found in our search of the ERO fields. Our search method com-
bined multiple CNN models with visual classification to ensure
a robust candidate identification.

4.1. CNNs with visual classification

We identified a total of 97 lens candidates, distributed as 14
grade A candidates, 31 grade B candidates, 52 grade C candi-

candidates, we show 12 representative examples in Fig. 4 of the
52 grade C objects that show potential lensing characteristics,
but necessitate additional investigation. Complete mosaics of all
candidates are provided in Appendix D.
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Fig. 4. Mosaic of the 12 out of 52 grade C lens candidates from the second round of visual inspection (see Appendix D for the complete sample).
For each candidate, we show the high-resolution /g-band cutout on the left and the lower-resolution Hg, Yk, Ig composite on the right. The AU
name and field name are displayed at the top and bottom of the /g-band cutout, respectively, and the final joint grade is shown in red at the bottom

of the composite cutout. Each cutout is 9”79 X 9”79 in size.

Table 1. Number of candidates that was rejected by each CNN model
at their respective reference thresholds for the different grades.

Model Threshold Candidates rejected

A B C X Total
Lens-CLR 0.50 4 8 11 12 35
Denselens 0.23 1 5 16 19 41
4-Layer CNN 0.60 1 8 7 10 26
Naberrie 0.90 13 28 41 43 123
MRC-95 0.95 1 13 6 13 33

4.2. CNN results

We illustrate the performance of each individual network in
terms of the number of grade A, B and C candidates that were
rejected across different grades in Table 1. We used the same
respective thresholds for different CNNs as in PC24. We refer to
this threshold as the reference threshold throughout this paper.

Table 1 demonstrates significant variations in the rejection
rates among the models. Naberrie exhibits the highest rejec-
tion rate for grade A and B candidates. This suggests that its
reference threshold value (prgesy = 0.9) may be too high for
identifying prominent lensing candidates in these ERO fields.
Conversely, Denselens demonstrates superior performance. It
only fails to detect 1 out of 14 grade A candidates and 5 out
of 31 grade B candidates. Lens-CLR and 4-Layer CNN fol-
low closely, with very few rejections. While MRC-95 appears
to have the second lowest rejection rate of total candidates
among CNN models, Table 2 reveals that this apparent advan-
tage is offset by a high number of FP. This diminishes its overall
effectiveness.

Table 2 demonstrates a clear distinction between the perfor-
mance of the various CNN models in terms of grade A, B, and C
candidate detection and FP. Denselens is the best-performing
model with the lowest number of FP. Denselens, at a reference
threshold of ppesy = 0.23, detected 13 grade A, 26 grade B, and
36 grade C candidates while maintaining a relatively low number
of FP of just 5265, suggesting it is effective at detecting lens-
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Table 2. Number of A, B, and C grade candidates passed by each CNN
model at their respective reference thresholds at the expense of respec-
tive FP.

Network Threshold Candidates passed

A B C FP
Lens-CLR 0.50 10 23 41 27026
Denselens 0.23 13 26 36 5265
4-Layer CNN 0.60 13 23 45 119599
Naberrie 0.90 1 3 11 99741
MRC-95 0.95 13 18 46 222426

ing features without excessive FP. Lens-CLR, despite a higher
FP count (27 026), still shows a strong performance. It passed a
large number of grade A, B, and C candidates. In contrast, the
other models struggled with precision, especially 4-Layer CNN
and MRC-95, both of which produced an overwhelming number
of FP, with MRC-95 producing 222426 FP. This is a result of
converting the multiple predictions for each object by the Mask
R-CNN into a single prediction for the cutout.

4.3. Contamination rate

We evaluated the performance of the five models by compar-
ing their contamination rates, defined as the ratio of FP to the
total number of candidates classified as grades A, B, and C by
each model, as shown in Fig. 5. Among the models, Denselens
exhibits the best performance, achieving the lowest contamina-
tion rate of 70 at a reference threshold of ppygesy = 0.23. A con-
tamination rate of 70 FP per TP is still too high for practical
use in an automated pipeline, however, where CNNs would be
employed without any human visual inspection. This contami-
nation rate for the other ERO fields is significantly higher than
the contamination rate for the Perseus field reported in PC24.
This high false-positive rate may also be attributed to the selec-
tion of relatively simple constraints for creating cutouts for this
16 ERO fields (other than Perseus).
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Fig. 5. Contamination rate of each CNN model at their respective
thresholds in Table 2.

4.4. CNN performance

Figure 6 illustrates the relation between the total number of
candidates and the contamination rate (FP/TP ratio) for vari-
ous CNN models, including an ensemble of Denselens and
Lens-CLR, where candidates were only classified as lenses
when both models agreed above a common threshold (pryresn)-
Of all models, Denselens demonstrated a superior perfor-
mance. It achieved a contamination rate lower than 100 for all
threshold probabilities (pruresy) that exceeded 0.15. Lens-CLR
exhibitsed satisfactory performance at pryresy = 0.95, where
its contamination rate was also lower than 100. Given the strong
individual performance of these two models, we propose to
investigate an ensemble approach that combines Denselens and
Lens-CLR to potentially further improve the classification accu-
racy and reduce contamination.

The ensemble model that combined Denselens and
Lens-CLR demonstrated superior performance, as shown by the
black dots in Fig. 6. This combined approach achieves the low-
est contamination rate (FP/TP ratio), and it outperformed even
the best individual Denselens model. In this ensemble model,
a candidate is considered a true positive (TP) only if its classi-
fication prediction scores from both models exceed a common
threshold pryresy. For instance, at pryresy = 0.50,

— Denselens detected 43 candidates with ~37 FP for each TP.
— Lens-CLRidentified 74 candidates, but with ~407 FP per TP.
— The ensemble model recovered 33 candidates with only 14

FP for each TP.

While it might be argued that the true-positive rate decreases
along with the contamination rate, Fig. 6 illustrates that by
selecting an appropriate pryresy value, the ensemble model
consistently recovers the same number of candidates at a sig-
nificantly lower contamination rate than any individual model.
This improved performance stems from the diverse training
datasets used for each model. The ensemble approach lever-
ages the strengths of the two individual models, resulting in a
more precise candidate selection while minimising FP. These
findings suggest that an ensemble method might be a robust
strategy for enhancing the overall performance of CNNs in
detecting strong lensing candidates. Based on these results, we
recommend implementing an ensemble approach of the best-
performing CNNs for future Euclid automatic lens-detection
pipelines.

Table 2 presents the reference threshold and the number of
grade A, B, and C candidates recovered at that specific threshold.
Fig. 6 indicates that the reference threshold that was determined
using the Perseus field does not perform optimally when applied
to other ERO fields, however. These CNN networks can achieve
better contamination rates at thresholds different from the refer-
ence threshold.

Table 3 shows the grade A, B, and C candidate recovery at
different thresholds for the Denselens and Lens-CLR models.
This table demonstrates that we can recover candidates at a more
acceptable contamination rate. For example, at ppygesy = 0.65,
we recover 7 out of a total of 14 grade A candidates, 9 grade
B candidates, and 8 grade C candidates at an acceptable con-
tamination rate of 5 FP for every TP. At these acceptable con-
tamination rates, a visual inspection can almost be completely
eliminated. This paves the way for an automatic lens classifica-
tion.

In contrast, models such as 4-Layer CNN and MRC-95 show
a significant rise in the contamination rate as the total number
of detected grade A, B, and C candidates increases. This sug-
gests that these models are more prone to FP, in particular, when
they attempt to detect a larger number of candidates. Naberrie,
in particular, shows the highest FP/TP ratio, and its perfor-
mance worsens even when the prpesy 1 increased to its reference
Puresy = 0.90. This suggests that the pgesy value applied for
the Perseus field is not optimal for all the other fields. Contam-
ination rate of 4-Layer CNN, Naberrie and MRC-95 are never
lower than 1000 on the ERO fields, regardless of any threshold
(Prresn)- Naberrie was designed as a two-stage approach where
the high scoring cutouts could be ruled out by inspecting the heat
maps (Wilde 2023) produced by the model. This feature was not
used to select the candidates in this paper, which explains the
large number of FP.

4.5. Prediction

We compared our findings with the predictions made by Collett
(2015), who estimated that the Euclid mission would dis-
cover approximately 170 000 strong gravitational lenses over its
planned survey area of 15000 square degrees. The 13 Euclid
ERO fields we analysed cover a total area of 8.12 deg?, and
we would therefore naively expect ~90 strong lenses in the
ERO area, although this is reduced to ~70 when we applied our
Ig <23 pre-selection. Our study identified 97 grade A, B, and
C lens candidates. This number aligns closely with the theoret-
ical expectations. Experience suggests, however, that most grade
C candidates are unlikely to be lenses. Taking Collett (2015) as
truth and pessimistically assuming that only our grade A can-
didates are lenses, we would conclude that our search is com-
plete at ~15% . If the grade B candidates were also all lenses,
we would have found ~60% of all the lenses with Ig <23 that
are in the ERO fields. This incompleteness is expected for our
conservative grading approach, which prioritised sample purity,
and based on the limitations in our CNN training set diversity
and the subjective nature of visual inspection. Future work will
focus on improving the completeness through enhanced training
sets, more sophisticated model architectures, and complementary
detection techniques while maintaining a high sample purity.

5. Palomar spectroscopy

We obtained optical spectroscopic follow-up of several of the
grade A and grade B candidates using the Double Spectrograph
(DBSP; Oke & Gunn 1982) on the 5m Hale telescope at
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Palomar Observatory between June and October 2024. Table 4
presents the targets for which we were able to measure at least
one redshift in the candidate strong lens system. All the Palomar
observing nights had seeing of ~1"'2. The June and July nights
were photometric, while the October night had some clouds
at the start and end of the night, but it was relatively clear at
the time of the reported observation. For each observation, we
obtained two or three exposures of 1200 s using the 1”5 slit, the
600 lines blue grating (blazed at 4000 A), the 5500 A dichroic,
and the 316 lines red grating (blazed at 7500 A). The slits were
aligned on the candidate lensing galaxy at a position angle to
cover the putative lens feature. The data were reduced using
standard techniques within the Image Reduction and Analysis
Facility (IRAF).

All the lensing galaxies proved to be early-type galaxies with
Ca H & K absorption and strong 4000 A breaks. One grade A
system, EUCL J081705.61+702348.8, revealed redshifts for the
foreground lensing galaxy and the background source galaxy,
where the latter had a slightly (~1”7) offset emission line at
9222.8 A (Fig. 7). If the emission feature were associated with
the primary target galaxy at z = 0.335, the implied rest-frame
wavelength would be 6908 A, which does not correspond to any
strong spectral features in galaxies, particularly early-type galax-
ies. Instead, the most plausible identification is [O II] emission
from a lensed star-forming galaxy at z = 1.475.

To  further confirm the lensing nature  of
EUCL J081705.61+702348.8, we modelled the system using
the Euclid strong lens modelling pipeline implemented in
PyAutoLens (Nightingale et al. 2018, 2021). A full description
of the pipeline and application to a larger sample of lenses will
be provided in the Q1 data release papers (Euclid Collaboration
2025; Walmsley et al. 2025). Figure 8 presents the results for the
VIS optical image. The foreground lens galaxy light was sub-
tracted by fitting it with a multi-Gaussian expansion composed
of 60 Gaussians (He et al. 2024). This revealed two distinct
arcs in locations that are consistent with a singular isothermal
ellipsoid (SIE) mass model configuration. PyAutoLens fitted
the SIE lens model, which, as shown in the right panel of
Fig. 8, accurately ray-traces the two arcs to the same region
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of the contamination rate (FP/TP) at their
respective thresholds.

Table 3. For the ensemble model of Denselens, and Lens-CLR, we
show the detected pruresu, number of grade A, B, and C candidates,
the total candidates, FP, the detected FP for every detected grade A can-
didate (FP/A), and the contamination rate (FP/TP).

poresi A B C Total FP  FP/A  FP/TP
0.05 12 30 47 89 24651 2054 276
0.10 12 29 40 81 11852 987 146
0.15 11 26 37 74 5255 477 71
0.20 11 24 33 68 3368 306 49
0.25 9 21 31 61 2449 272 40
0.30 9 20 25 54 1744 193 32
0.35 9 17 21 47 1296 144 27
0.40 9 15 19 43 960 106 22
0.45 8 14 15 37 691 86 18
0.50 8 10 15 33 487 60 14
0.55 8 10 12 30 343 42 11
0.60 7 10 10 27 218 31 8
0.65 7 9 8 24 143 20 5
0.70 6 8 4 18 93 15 5
0.75 6 5 3 14 58 9 4
0.80 6 3 1 10 38 6 3
0.85 5 3 0 8 21 4 2
0.90 4 2 0 6 8 2 1
0.95 30 0 3 1 03 0.3

of the source plane. The source reconstruction revealed two
separate doubly imaged emission components that lie outside
the tangential caustic, but within the radial caustic. This is
consistent with the tangential and radial critical curves predicted
by our SIE mass model for this lens system. The SIE lens mass
model includes an external shear, and the inferred Einstein
radius is 1”718 + 0”703.

6. Discussion and conclusions

We have presented a catalogue of strong gravitational lens can-
didates identified in the Euclid ERO that cover 13 fields with
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Table 4. Palomar spectroscopy of strong lens candidates.

TAU Name Grade

Obs Date (UT)

PA (deg) <z (lens) z(source)

EUCL J081705.61+702348.8
EUCLJ215252.97+171932.8
EUCL J215405.95+181205.2
EUCL J215447.40+174003.7
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Spectrum  of
EUCLJ081705.61+702348.8
The spectrum reveals an early-type galaxy at z = 0.335 with several
characteristic absorption lines in addition to a strong 4000 A break.
There is a strong additional line at 92228 A that we associate with
[O 11] emission from the lensed source galaxy at z = 1.475.
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obtained at

strong lens candidate
Palomar Observatory.

a total area of 8.12 deg®. Our search method combined multi-
ple CNN models with visual classification and yielded 97 lens
candidates: 14 grade A, 31 grade B, and 52 grade C candidates.
This multi-stage approach that used CNNs for the initial candi-
date selection followed by visual inspection has proven effective
in producing a high-purity sample, in particular, for grade A and
B candidates.

Our analysis of five CNN models revealed significant varia-
tions in their performance characteristics. Denselens emerged
as the best-performing individual model. It achieved the low-
est contamination rate of 70 FP per TP at its reference thresh-
old. This model successfully detected 13 out of 14 grade A
candidates while maintaining relatively low false-positive rates.
Lens-CLR also demonstrated a strong performance. It passed
a large number of grade A, B, and C candidates, but with
a higher false-positive count of 27026 compared to the 5265
of Denselens. The remaining models, including Naberrie,
4-Layer,CNN, and MRC-95, exhibited substantially higher con-
tamination rates, which makes them less suitable for an auto-
mated pipeline implementation without extensive visual inspec-
tion.

The ensemble approach combining Denselens and
Lens-CLR represented a significant advancement in our method.
It achieved contamination rates as low as five FP per TP at
appropriately selected thresholds. At prgresy = 0.65, this
ensemble model recovered seven grade A, nine grade B,
and eight grade C candidates with acceptable contamina-
tion levels that would enable near-automated classification

pipelines. This demonstrates that leveraging the complementary
strengths of multiple CNN architectures trained on diverse
datasets can substantially improve the candidate selection
precision.

While spectroscopic follow-up of our highest-quality candi-
date EUCL J081705.61+702348.8 provided an initial validation
of our classification, additional observations are needed to fully
establish the robustness of our system. Our spectroscopic anal-
ysis revealed an emission line at 9222.8 A that was most plau-
sibly identified as [OII] from a lensed star-forming galaxy at
z = 1.475, measuring the redshifts for the foreground lensing
galaxy (z = 0.335) and the background source galaxy. The lens
model implemented in PyAutoLens fitted the two distinct arcs
and revealed a source reconstruction with two doubly imaged
emission components located outside the tangential caustic but
within the radial caustic. This confirmed the strong lensing con-
figuration. The lens modelling measured an Einstein radius of
1718 +07703.

We compared our findings with theoretical predictions,
which indicated that the discovery of 97 candidates (across all
grades) in 8.12 deg® is consistent with previous estimates of
~70 strong lenses in this area (after applying our Ig <23 pre-
selection). Taking a conservative approach where only grade A
candidates are considered confirmed lenses, our search achieved
a completeness of ~15% that increased to ~60% when grade
B candidates were included. Our lower completeness rate com-
pared to Zoobotl (Walmsley et al. 2023), which identified 61
out of 68 known lenses (~90% completeness) in RP24, may
be attributed to the fact that the true number of lenses in our
study is unknown. This makes it more challenging than stud-
ies where the ground truth was known. Furthermore, our selec-
tion of only the top 650 candidates based on the geometric mean
scores for each field, while chosen to maintain a reasonable bal-
ance between completeness and false positive rate, may have
excluded some genuine lens candidates that received lower CNN
scores.

This work serves as a guide for future Euclid lens searches.
It demonstrates that a broad initial CNN search followed by
visual inspection is essential for building high-purity lens sam-
ples. While our method established the foundational approach
for the lens identification in Euclid ERO data, operational
implementation across the full 15000 deg? survey will require
ensemble-learning methods and active learning frameworks
that iteratively retrain models on visually validated samples
to substantially reduce the number of candidates requiring
human inspection while achieving higher completeness. The
full potential of the Euclid lens searches will be realised
through a multi-band analysis, expanded spectroscopic follow-
up campaigns, and advanced automated selection techniques
like this. The lens-modelling pipeline we demonstrated here for
EUCL J081705.61+702348.8 provides a template for future sys-
tematic analyses of larger lens samples in upcoming Euclid data
releases.
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Fig. 8. Lens model of the grade A system EUCL J081705.61+702348.8, created using the Euclid strong lens modelling pipeline implemented
with PyAutoLens (Nightingale et al. 2018, 2021). The panels show (i) the observed VIS optical image; (ii) the lens-subtracted image; (iii) the lens
model reconstruction of the lensed source; and (iv) the source galaxy reconstructed unlensed emission in the source plane. The system is accurately
modelled, providing strong evidence of its lensing nature. The mass model is a singular isothermal ellipsoid with external shear, the lens light is
modelled using a multi-Gaussian expansion (He et al. 2024), and the source is reconstructed on an adaptive Delaunay mesh. The inferred Einstein

radius is 1”718 =0”703.
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Appendix A: Summary of the ERO fields

We present here the summary of the 16 Euclid ERO fields (except Perseus). The Euclid VIS instrument provides high-quality optical
imaging through a single broad optical band (550-900 nm). The VIS camera features a pixel scale of 0"’ 1 per pixel. The point spread
function (PSF) of VIS has a full width at half maximum (FWHM) of < 0”18 across the entire field of view (Cropper et al. 2016).
For the ERO fields, each pointing consists of four dithered exposures of 565 seconds each, resulting in a total exposure time of
2260 seconds. This yields a typical 5o point-source depth of Ir = 26.2 mag (Euclid Collaboration: Scaramella et al. 2022). The VIS
images demonstrate excellent depth and resolution, with a median signal-to-noise ratio (S/N) of ~10c for objects at Ig= 24.5 mag.

Table A.1. Summary of all the 16 Euclid ERO Fields (except Perseus) including their corresponding area, and their corresponding catalogue size,
which represents the number of sources in each field.

Field name Area (deg?) Catalogue size
Abell 2390 0.75 469 056
Abell 2764 0.75 542729
Barnard 30 0.6 163063
Dorado 0.6 518445
Fornax 0.57 369315
Holmberg II 0.6 466276
Horsehead Nebula 0.58 157264
IC10 0.62 1403807
1C 342 0.59 2033293
M78 0.6 116373
NGC 2403 0.6 1152966
NGC 6254 0.6 413297
NGC 6397 0.61 782612
NGC 6744 0.6 924913
NGC 6822 0.6 1694021
Taurus 0.61 123726

Appendix B: CNN score statistics across fields

We provide summary statistics of the CNN scores across all surveyed fields. Table B.1 presents the mean and standard deviation of
the top-650 scoring candidates for each field, calculated separately for each individual CNN model.

Table B.1. Summary of mean and standard deviation of CNN scores for the top-650 candidates in each field for each individual CNN model.

Field name Lens-CLR Denselens 4-Layer CNN Naberrie MRC95
Mean Std  Mean Std  Mean Std Mean Std  Mean  Std

Abell 2390  0.687 0.232 0.282 0.222 0.762 0230 0.740 0.270 0.974 0.095
Abell2764  0.671 0.251 0.328 0.237 0.809 0.233 0.604 0.295 0.978 0.087
Barnard30 0477 0.303 0.086 0.125 0.590 0.316 0.766 0.286 0961 0.142
Dorado 0.696 0.225 0.550 0.249 0.779 0231 0.735 0.230 0.966 0.098
Fornax 0.599 0.297 0.224 0.207 0.742 0.288 0.497 0.318 0.973 0.099
HolmbergIl 0.645 0.267 0.249 0.211 0.769 0.259 0.586 0.329 0974 0.102
IC10 0.566 0.202 0.122 0.055 0.833 0.186 0934 0.056 0.998 0.018
Messier 78 0.220 0.292 0.030 0.071 0407 0.331 0596 0.362 0.863 0.274
NGC 2403 0.605 0.290 0.227 0.208 0.745 0.273 0.648 0.310 0.961 0.129
NGC 6397 0.628 0.212 0.169 0.176 0.847 0.185 0.892 0.125 0.991 0.061
NGC 6744 0.651 0.246 0.192 0.172 0.732 0.247 0.816 0.235 0.985 0.080
NGC 6822 0.550 0.246 0.144 0.154 0.804 0.224 0956 0.001 0.999 0.001
Taurus 0420 0322 0.073 0.118 0491 0.327 0.669 0.328 0927 0.194
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Appendix C: Lens candidates

We show the details of 97 lens candidates which are distributed as 14 grade A candidates, 31 grade B candidates, and 52 grade C can-
didates. We have checked our Grade A and Grade B candidates against the strong lensing database (SLED; https://sled.amnh.org/)
and confirmed that none of them were previously known.

Table C.1. Probable lens candidates discovered with CNN classifiers. ID, IAU Name, Fields, RA, DEC, Classification prediction scores for five
different networks (P1, P2, P3, P4 and P5), Geometric Mean (GM) of the five prediction scores and visual inspection grade are shown. Here, P1
refers to the Lens-CLR network, P2 refers to the Denselens, P3 refers to the 4-Layer CNN, P4 refers to the Naberrie and P5 refers to the MRC95.

IAU Name Field RA Dec P1 P2 P3 P4 P5 GM Grade

EUCL J215447.40+174003.7 Abell 2390 328.697535 17.667696 0990  0.880  0.936 0.006 0.999 0.353
EUCL J215405.95+181205.2 Abell 2390 328.524807 18.201453 0.966 0.999 0.974 0.704 0.998 0.920

EUCLJ002251.41-494843.9 Abell 2764 5.714233 —49.812211 0.211 0470  0.998 0.093 0.999 0.392
EUCL J002539.83-491515.5 Abell 2764 6.415961 —49.254323 0.982 0.817 0.822 0.172 0.999 0.647
EUCL J002330.90-485506.4 Abell 2764 5.878780 —-48.918448 0.972 0980  0.982 0.503 0.999 0.860
EUCLJ053110.94+121542.8 Barnard 30 82.795595 12.261915 0.750  0.014  0.989 0.854 0.786 0.373
EUCLJ041819.40-554659.7 Dorado 64.580860 —-55.783276 0.981 0.693 0.881 0.382 1.000  0.744
EUCLJ041729.09-554120.0 Dorado 64.371238 —55.688895 0.889 0.572 1.000 0.471 1.000  0.751
EUCL J033706.49-351842.4 Fornax 54.277074 —-35.311798 0.767 0.235 0.999 0.315 0.999 0.563
EUCL J033646.89-351138.8 Fornax 54.195391 —35.194112 0.994 0.995 0.991 0.014 0.999 0.428

EUCL J081945.02+702002.2 Holmberg 1T 124.937617 70.333964 0.024 0432 0422 0.008 0.999 0.131
EUCLJ081705.61+702348.8 Holmberg IT 124.273402 70.396896 0930 0946  0.992 0.891 0.999 0.951
EUCL J002035.05+585556.2 IC10 5.146066 58.932298 0.131 0.801 0.858 0.763 0.999 0.585
EUCLJ191245.11-634926.2 NGC 6744 288.187969 —63.823954 0.413 0.738 0.864 0.901 0.999 0.750
EUCLJ215439.38+173354.6 Abell 2390 328.664120 17.565190 0950  0.130  0.999 0.177 0.999 0.465
EUCL J215354.10+175419.0 Abell 2390 328.475438 17.905296 0.931 0236 0.987 0.928 0.826 0.698
EUCLJ215252.97+171932.8 Abell 2390 328.220730 17.325797 0.977 0.691 0.997 0.862 0.508 0.783

EUCL J002136.55-492944.5 Abell 2764 5.402328 —49.495699 0.993 0.917 0.791 0.097 0940  0.581
EUCL J002313.02-492640.7 Abell 2764 5.804288 —49.444665 0.959 0.927 0.998 0.215 0.999 0.718
EUCL J002352.59-492403.3 Abell 2764 5.969141 —49.400920 0.104 0.735 0.999 0.073 0.999 0.354
EUCL J002255.86—-492228.2 Abell 2764 5.732785 —-49.374505 0.019 0.535 0.800 0.576 0.999 0.342
EUCL J002304.81-491845.7 Abell 2764 5.770044 —49.312716 0.689 0474  0.49%4 0.511 0.996 0.607
EUCL J002442.16-491345.8 Abell 2764 6.175704 —49.229391 0.941 0.738 0.121 0.637 0.931 0.549
EUCLJ002148.37-490541.5 Abell 2764 5.451552 —49.094878 0.996 0.798 0.999 0.386 0.999 0.789
EUCLJ002131.51-490533.6 Abell 2764 5.381318 —49.092670 0.892 0.483 0.998 0.774 0.111 0.517
EUCL J002133.06—-490020.3 Abell 2764 5.387787 —-49.005661 0.329 0.464  0.999 0.050 0.999 0.377
EUCL J041425.56-555929.9 Dorado 63.606523 —-55.991655 0.993 0.216 1.000 0.894 0.999 0.719
EUCL J041841.96-555503.4 Dorado 64.674870 -55.917617 0.962 0.068 0.519 0.909 0.816 0.517
EUCLJ041556.54-555447.6 Dorado 63.985615 —55.913242 0.912 0.468 0.997 0.845 0.886 0.796
EUCL J041629.29-553257.7 Dorado 64.122045 —55.549366 0.894 0974  0.999 0.804 0.635 0.850
EUCLJ041335.15-552856.9 Dorado 63.396468 —55.482498 0.999 0.422 0.863 0.827 0.955 0.779

EUCLJ081943.34+702335.6  Holmberg II 124.930595 70.393246  0.345 0.293 0.998 0.785 0.999  0.602
EUCL J081959.64+710219.7 Holmberg IT 124.998533 71.038816  0.755 0.493 1.000  0.074 0999  0.487

EUCLJ001727.46+591801.9 IC10 4.364447 59.300532 0.400  0.339 0.948 0.898 0.997 0.649
EUCL J054527.40—-000548.7 Messier 78 86.364175 —-0.096864 0.232 0.355 0.463 0.785 0.001 0.124
EUCL J054807.82+001045.5 Messier 78 87.032612 0.179325 0.759 0.352 0.059 0.071 0.999 0.258

EUCL J074006.13+655047.9 NGC 2403 115.025578 65.846644 0.574 0.304  0.303 0.917 0.996 0.546
EUCL J073450.92+655829.7 NGC2403 113.712202 65.974936 0.246 0.104  0.562 0.885 0.999 0.418
EUCLJ073851.49+655650.2 NGC 2403 114.714583 65.947284 0.992 0.723 0.977 0.560 0.949 0.821
EUCL J073637.17+660131.1 NGC 2403 114.154879 66.025315 0.556 0.157 0.996 0.754 0.692 0.539
EUCL J073600.54+651440.8 NGC 2403 114.002254 65.244693 0.985 0.612 0.999 0.728 0.788 0.809
EUCLJ073924.78+651814.3 NGC 2403 114.853255 65.303999 0.766 0.367 0.580 0.051 0.999 0.384
EUCLJ073609.14+651905.3 NGC2403 114.038123 65.318153 0.702 0.925 0.999 0.463 0.742 0.741
EUCLJ073910.33+652326.4 NGC 2403 114.793076 65.390688 0.982 0.759 0.999 0.254 0.999 0.717
EUCL J190644.53-635426.5 NGC 6744 286.685558 —-63.907383 0.169 0.511 0.998 0.009 0.999 0.241
EUCLJ215221.29+172946.7 Abell 2390 328.088745 17.496325 0.872 0.404  0.987 0.104 0.999 0.515
EUCLJ215513.19+173144.9 Abell 2390 328.804966 17.529147 0.344 0.392  0.900 0.392 0.999 0.544
EUCL J215340.38+173401.9 Abell 2390 328.418271 17.567201 0.564 0.673 0.943 0.770 0.999 0.773
EUCLJ215209.01+173724.4 Abell 2390 328.037552 17.623459 0.319 0316  0.895 0.271 0.999 0.476
EUCL J215433.25+173935.1 Abell 2390 328.638549 17.659777 0.984 0.137 0.304 0.952 0.999 0.522
EUCLJ215318.13+170941.8 Abell 2390 328.325546 17.161622 0970  0.298 0.956 0.406 0.866 0.627
EUCL J215408.45+171749.6 Abell 2390 328.535221 17.297134 0.984 0.091 0.403 0.949 0.999 0.509
EUCLJ215408.83+171841.1 Abell 2390 328.536832 17.311437 0.002 0.327 0.162 0.880 0.999 0.165
EUCLJ215221.33+175326.5 Abell 2390 328.088883 17.890708 0.976 0.723 0.847 0.525 0.999 0.793
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Table C.1. Continued.

Nagam, B. C., etal.: A&A, 702, A130 (2025)

IAU Name Field RA Dec P1 P2 P3 P4 P5 GM Grade
EUCLJ215434.034+175344.6  Abell2390 328.641815  17.895743 0.962 0.085 0.997 0.944 0.999 0.598 C
EUCLJ215402.36+175523.2  Abell 2390 328.509837  17.923113 0.776 0.699 0.985 0.849 0.999 0.854 C
EUCLJ215414.92+175605.7 Abell 2390 328.562193  17.934936 0.929 0.834 0.990 0.172 0.999 0.667 C
EUCLJ215330.43+180324.0 Abell2390 328.376812  18.056668 0.925 0.069 0.985 0.919 0.999 0.566 C
EUCLJ215317.98+172027.6  Abell2390 328.324921  17.341027 0.835 0.758 0.997 0.903 0.774 0.849 C
EUCL J002220.97-494451.2  Abell 2764 5.587376 —-49.747565 0.154 0.553 0.999 0.023 0.999 0.288 C
EUCL J002320.05-492820.9  Abell 2764 5.833578 —-49.472500 0.977 0.126 0.981 0.802 0.999 0.627 C
EUCL J002409.51-492435.5  Abell 2764 6.039630 —-49.409882 0.964 0.519 0.999 0.415 0.999 0.730 C
EUCL J002542.83-491711.4  Abell 2764 6.428471 -49.286524 0.701 0.178 0.943 0.504 0.999 0.568 C
EUCL J002448.83-491148.7  Abell 2764 6.203498 —49.196888 0.225 0.907 0.999 0.145 0.999 0.495 C
EUCLJ002121.46-490818.2  Abell 2764 5.339445 -49.138403 0.943 0.407 0.818 0.798 0.999 0.758 C
EUCL J002146.64-490317.1  Abell 2764 5.444347 -49.054750 0.646 0.653 0.999 0.066 0.999 0.489 C
EUCL J002058.08—490059.3  Abell 2764 5.242019 -49.016492 0.979 0.057 0.674 0.909 0.999 0.510 C
EUCL J002340.88-485337.0  Abell 2764 5.920356 -48.893632 0.422 0.643 0.991 0.156 0.999 0.530 C
EUCL J002359.71-493511.5 Abell 2764 5.998816 —-49.586542 0.882 0.325 0.999 0.112 0.999 0.503 C
EUCL J002409.93-493232.6  Abell 2764 6.041410 —-49.542403 0.960 0.690 0.999 0.832 0.998 0.887 C
EUCLJ002130.78-493227.7  Abell 2764 5.378283 —-49.541048 0.987 0.362 0.280 0.687 0.786 0.558 C
EUCLJ053138.19+115948.7 Barnard30  82.909158  11.996874 0.917 0.253 0.606 0914 0.913 0.651 C
EUCL J041709.25-555512.4 Dorado 64.288546 —55.920135 0.955 0.002 0.946 0.922 1.000 0.608 C
EUCL J041356.98-553653.0 Dorado 63.487439 -55.614728 0.553 0.523 0.995 0.886 1.000 0.761 C
EUCL J041851.12-553221.9 Dorado 64.713024 -55.539426 0.597 0.039 0.991 0.401 0.788 0.451 C
EUCL J041644.82-552500.1 Dorado 64.186769 —-55.416712 0.927 0.260 0.863 0.622 0.565 0.593 C
EUCL J041529.20-560110.6 Dorado 63.871674 -56.019634 0.958 0.759 0.872 0.213 0.996 0.670 C
EUCL J033701.08-353733.9 Fornax 54.254540 -35.626088 0.411 0.485 0.998 0.061 0.999 0.414 C
EUCL J033623.94-351003.0 Fornax 54.099781 -35.167520 0.887 0.194 0.259 0.496 0.995 0.466 C
EUCL J033526.99-350049.6 Fornax 53.862486 —-35.013784 0.638 0.146 0.156 0.297 0.999 0.336 C
EUCL J082043.26+703648.3 HolmbergIl 125.180250  70.613437 0.994 0.394 0.849 0.807 0.999 0.769 C
EUCL J082047.39+703833.6 HolmbergIl 125.197494  70.642678 0.555 0.837 0.999 0.233 0.999 0.641 C
EUCLJ081627.48+702225.2 HolmbergIl 124.114541  70.373679 0.920 0.652 0.998 0919 0.982 0.884 C
EUCL J081755.78+704950.4 HolmbergIl 124.482442  70.830679 0.912 0.027 0.999 0.532 0.999 0.420 C
EUCL J081846.26+705231.7 HolmbergIl 124.692781  70.875493 0.971 0.650 0.998 0.267 0.998 0.700 C
EUCLJ082139.67+710505.6 HolmbergIl 125.415301  71.084913 0.618 0.274 0.997 0.164 0.999 0.488 C
EUCL J081648.17+702703.3 HolmbergIl 124.200716  70.450925 0.981 0.349 0.771 0.155 0.995 0.527 C
EUCLJ002142.42+591721.0 IC10 5.426777  59.289174 0.720 0.163 0.993 0.886 0.999 0.635 C
EUCLJ073800.72+654951.2 NGC2403 114.503007 65.830916 0.906 0.668 0.995 0.242 0.999 0.680 C
EUCL J073708.65+655559.7 NGC2403 114.286066  65.933256 0.790 0.092 0.482 0.572 0.999 0.458 C
EUCLJ074015.20+652735.0 NGC?2403 115.063350  65.459746 0.238 0.929 0.999 0.354 0.998 0.601 C
EUCLJ073439.30+654117.1 NGC2403 113.663751  65.688102 0.081 0.898 0.943 0.013 0.999 0.248 C
EUCL J174240.46-535547.7 NGC6397 265.668618 —53.929936 0.440 0.298 0.743 0.929 0.999 0.618 C
EUCLJ194516.93—-143333.9 NGC6822 296.320580 —14.559422 0.972 0.027 1.000 0.078 0.999 0.376 C
EUCL J194325.36-142833.9 NGC6822 295.855690 -14.476105 0.323 0.294 0.779 0.506 1.000 0.518 C
EUCL J194458.53-150442.9 NGC6822 296.243914 -15.078600 0.730 0.094 0.845 0.918 1.000 0.563 C
EUCL J041956.87+275802.6 Taurus 64.986995  27.967397 0.650 0.506 0.609 0.302 0.997 0.570 C

Appendix D: Full Mosaics

This appendix presents the complete mosaics of all grade B and grade C candidates from the second round of visual inspection.
Representative subsets of these figures are shown in the main text (Fig. 3 and Fig. 4).
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Fig. D.1. Mosaic of the grade B lens candidates from the second round of visual inspection. For each candidate, we show the high-resolution
Iz-band cutout on the left and the lower-resolution Hg, Yg, Iz composite on the right. The IAU name and field name are displayed at the top and
bottom of the /g-band cutout, respectively, and the final joint grade is shown in red at the bottom of the composite cutout. Each cutout is 9”79 x 979
in size.
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Fig. D.2. Mosaic of the 32 out of 52 grade C lens candidates from the second round of visual inspection. For each candidate, we show the high-
resolution /g-band cutout on the left and the lower-resolution Hg, Y, Iz composite on the right. The IAU name and field name are displayed at the
top and bottom of the Ig-band cutout, respectively, and the final joint grade is shown in red at the bottom of the composite cutout. Each cutout is
979 %99 in size.
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Fig. D.3. Mosaic of the remaining 20 grade C lens candidates from the second round of visual inspection. For each candidate, we show the high-
resolution /g-band cutout on the left and the lower-resolution Hg, Yg, Ig composite on the right. The IAU name and field name are displayed at the
top and bottom of the Iz-band cutout, respectively, and the final joint grade is shown in red at the bottom of the composite cutout. Each cutout is
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