Astronomy & Astrophysics manuscript no. output ©ESO 2025
March 17, 2025

Euclid Quick Data Release (Q1)

The Strong Lensing Discovery Engine B — Early strong lens candidates from
visual inspection of high velocity dispersion galaxies

Euclid Collaboration: K. Rojas* L2 T E. Collett?, J. A. Acevedo Barroso®, J. W. Nightingale4, D. Stern’,

L. A. Moustakas®, S. Schuldt®’, G. Despali®® 1%, A. Melo'!-'?, M. Walmsley'* !4, D. J. Ballard® >, W. J. R. Enzi°,
T. Li, A. Sainz de Murieta?, I. T. Andika'>!!, B. Clément® !¢, F. Courbin!” '8, L. R. Ecker'*-?*, R. Gavazzi’! %2,
N. Jackson'#, A. Kovdcs?> 24, P. Matavuljl, M. Meneghetti(” 10g. Serjeant25 , D. Sluse?®, C. Tortora?’, A. Verma2,
L. Marchetti?*-3%3! C. M. O’Riordan!!, K. McCarthyS, S. H. Suyulz’ 1T R. B. Metcalf®?, N. Aghanim32, B. Altieri*3,
A. Amara**, S. Andreon®, N. Auricchio’, H. Aussel®, C. Baccigalupi®”-3%3%40 M. Baldi*'-* 10, A. Balestra*?,

S. Bardelli’, P. Battaglia9, R. Bender?- 19, A. Biviano%-37, A. Bonchi*?, E. Branchini***>-3>, M. Brescia*®-?’,

J. Brinchmann*”-#8, S. Camera**>%3!| G. Cafias-Herrera’>333%, V. Capobianco’!, C. Carbone’, V. F. Cardone>°,
J. Carretero®”-8, S. Casas>®, M. Castellano™®, G. Castignani’®, S. Cavuoti>’-®’, K. C. Chambers®', A. Cimatti®?,

C. Colodro-Conde®?, G. Congedo®, C. J. Conselice'*, L. Conversi®> 33, Y. Copin®, H. M. Courtois®’, M. Cropper®,
A. Da Silva®: 7% H. Degaudenzi’!, G. De Lucia®, A. M. Di Giorgio’?, C. Dolding®®, H. Dole*?, F. Dubath!,

X. Dupac®, S. Escoffier’?, M. Fabricius?>!°, M. Farina’?, R. Farinelli’, F. Faustini**>, S. Ferriol®, F. Finelli® 74,
S. Fotopoulou”>, M. Frailis®®, E. Franceschi’, S. Galeotta*®, K. George'?, W. Gillard”?, B. Gillis®*, C. Giocoli’1?,
P. Gémez-Alvarez’% 33, J. Gracia-Carpio®”, B. R. Granett®>, A. Grazian*?, F. Grupp®>'?, L. Guzzo®3>77, S. Gwyn’®,
S. V. H. Haugan”, W. Holmes’, I. M. Hook®’, F. Hormuth®!, A. Hornstrup®>#3, P. Hudelot?, K. Jahnke®*,

M. Jhabvala®, E. Keihinen®®, S. Kermiche’?, A. Kiesslings, B. Kubik®, K. Kuijken54, M. Kiimmel'?, M. Kunz®’,
H. Kurki-Suonio®-8, Q. Le Boulc’h®?, A. M. C. Le Brun’!, D. Le Mignant21, P. Liebing68, S. Ligori51, P. B. Lilje79,
V. Lindholm®®%%_ 1. Lloro”?, G. Mainetti®?, D. Maino® -7, E. Maiorano’, O. Mansutti>®, S. Marcin’>, O. Marggraf”,
M. Martinelli’>*°, N. Martinet?!, F. Marulli® % 10, R. Massey95, S. Maurogordato%, H. J. McCracken??,

E. Medinaceli?, S. Mei®”-?8, M. Melchior!, Y. Mellier” %2, E. Merlin>>, G. Meylan3, A. Mora'%, M. Moresco®?,
L. Moscardini® %10, R. Nakajima94, C. Neissner'%:38 R. C. Nichol**, S.-M. Niemi’2, C. Padilla'®!, S. Paltani’!,

F. Pasian’®, K. Pedersen!?2, W. J. Percival!?3 104105 v Ppettorino’2, S. Pires’®, G. Polenta*?, M. Poncet!'%°,

L. A. Popalm, L. Pozzetti?, F. Raison?’, R. Rebolo®:108:109 A Renzi'!%- 111 J Rhodes’, G. Riccio?’, E. Romelli’®,
M. Roncarelli’, R. Saglia19’ 20 7. Sakr!1Z113.114 A G, Sanchez?’, D. Sapone1 15 B. Sartoris!'®38,

J. A. Schewtschenko®, M. Schirmer®®, P. Schneider®®, T. Schrabback!'®, A. Secroun’3, G. Seidel®*, M. Seiffert’,

S. Serrano!!7-118:119 'p Simon?4, C. Sirignano“o’m, G. Sirri!?, L. Stanco''!, J. Steinwagnerzo, P. Tallada—Crespf57’58,
A.N. Tay10r64, L. Tereno®- 120 S. Toft'2!-122 R, Toledo-Moreo!?3, F. Torradeflot®® 37, 1. Tutusaus!!3, L. Valenziano®: 74,
J. Valiviita®®® T. Vassallo!?:38, G. Verdoes Kleijn124, A. Veropalumbo35’45’44, Y. Wanglzs, J. Weller!®-20,

A. Zacchei’® 37 G. Zamorani’®, F. M. Zerbi®>, E. Zucca®, M. Ballardini'2% 127-2, M. Bolzonella’, E. Bozzo’!,

C. Burigana3l’74, R. Cabanac!3, A. Cappig’ % D. Di Ferdinando!?, J. A. Escartin Vigozo, L. Gabarra®8,

J. Martin-Fleitas'%, S. Matthew®, N. Mauri®> 10, A. Pezzotta'2%2°, M. Pontinen®®, C. Porciani®*, I. Risso!??,

V. Scottez? 130, M. Sereno® 1, M. Tenti'®, M. Viel?7-38:40:39. 131 ‘M Wiesmann’?, Y. Akrami'3% 133 S. Alvi!20,

S. Anselmi!!!-110-134 N Archidiacono® 77, F. Atrio-Barandela!?>, C. Benoist’®, K. Benson®, P. Bergamini6’9,

D. Bertacca!!%-42-111 M. Bethermin!3®, A. Blanchard'!3, L. Blot'37-134 M. L. Brown'4, S. Bruton'3®, A. Calabro™,
B. Camacho Quevedo!'”-'" F. Caro®, C. S. Carvalho'?’, T. Castro®3%37- 131 'F. Cogato®?, A. R. Cooray'®,

O. Cucciati’, S. Davini®’, F. De Paolis'#? 141142 G. Desprez!?*, A. Diaz-Sanchez'*3, J. J. Diaz®, S. Di Domizio** %3,
J. M. Diego'**, P-A. Duc'?®, A. Enia*’"?, Y. Fang'?, A. G. Ferrari', P. G. Ferreira®®, A. Finoguenov®®, A. Fontana®,
A. Franco'#!-140. 142 'K Ganga”’, J. Garcfa-Bellido'3?, T. Gasparetto’®, V. Gautard'+’, E. Gaztanaga''®-17-2,

F. Giacomini'?, F. Gianotti®, G. Gozalias]'*®%, M. Guidi*!-?, C. M. Gutierrez'*’, A. Hall**, W. G. Hartley’',

C. Hernandez-Monteagudo'?”-%3, H. Hildebrandt'*®, J. Hjorth'%2, J. J. E. Kajava'#* 1%, Y. Kang’!, V. Kansal'>!- 152,
D. Karagiannis'?® 133, K. Kiiveri®®, C. C. Kirkpatrick®, S. Kruk®, J. Le Graet”?, L. Legrand'>* >3, M. Lembo!%6 1?7
F. Lepori'®, G. Leroy””>?, G. F. Lesci®?, J. Lesgourgues®, L. Leuzzi®°, T. I. Liaudat'>8, A. Loureiro!>% 169,

J. Macias-Perez!®!, G. Maggio®®, M. Magliocchetti’?, E. A. Magnier®!, F. Mannucci'®?, R. Maoli'63>,

C.J. A. P. Martins'%*#7 L. Maurin®?, M. Miluzio** '3, P. Monaco!%%:3%:3%37 C. Moretti*- 131.38.37.39 /G, Morgante®,

Article number, page 1 of 18



A& A proofs:manuscript no. output

S. Nadathut, K. Naidod, A. Navarro-Alsind*, S. Nesseris?, F. Passalacqu# 11, K. Patersoff, L. Patrizii°,
A. Pisani®167 D. Pottet®6, S. Quat®, M. Radovici?, P.-F. Roccl?, S. Sacquegré® 14142 M. Sahlén®8,
D. B. Sander&, E. Sarp&® 13139 C. Scarlat¥®, A. Schneidet®S, D. SciottP>°6, E. Sellentid’®>4, L. C. Smith’%,
K. Tanidis’®, G. Tester#®, R. Teyssiel®’, A. Trojall%111 M. Tucci’?, C. Valierit%, A. Venhold’?, D. Vergan?,
G. Vernardo¥3174 G. Verza’®, P. Vielzeuf3, N. A. Walton*’%, J. Wildeé"’, and D. Scoft’®

(A liations can be found after the references)

March 17, 2025

ABSTRACT

We present a search for strong gravitational lensé&uiclid imaging with high stellar velocity dispersion { > 180 kms?) reported by SDSS

and DESI. We performed expert visual inspection and classi cation of 1 E&@lid images. We discovered 38 grade A and 40 grade B candidate
lenses, consistent with an expected sample3#. Palomar spectroscopy con rmed 5 lens systems, while DESI spectra con rmed one, provided
ambiguous results for another, and help to discard oneETiskd automated lens modeler modelled 53 candidates, con rming 38 as lenses, failing

to model 9, and ruling out 6 grade B candidates. For the remaining 25 candidates we could not gather additional information. More important!
our expert-classi ed non-lenses provide an excellent training set for machine learning lens classi ers. We create high- delity simuBtiolis of
lenses by painting realistic lensed sources behind the expert tagged (non-lens) luminous red galaxies. This training set is the foundation stone
the Euclid galaxy-galaxy strong lensing discovery engine.

Key words. Gravitational lensing: strong, Catalogs, Methods: statistical

1. Introduction (2015) showed thduclid has the sensitivity to discover 170 000
strong lenses.
Strong gravitational lenses are powerful tools for understand- Euclid will detect 1.5 billion unlensed galaxies, and so nd-
ing the most fundamental questions in astrophysics. They Gag 170000 strong lenses will be a needle-in-a-haystack prob-
be used study key insights into galaxy structure and cosmolagyh. Visually inspecting every galaxy will be impossible with
(Shajib et al. 2020; Treu et al. 2022), constrain the nature Qfch a large dataset, even though it has yielded large samples
gravity (Collett et al. 2018), the expansion history of our Unif lenses in smaller surveys (Jackson 2008; More et al. 2016;
verse (Wells et al. 2024) and the most massive galaxies wittNBevedo Barroso et al. 2024). Machine learning has become a
it (Auger et al. 2009; Sonnenfeld 2024). Unfortunately, strongbwerful tool for pre-selecting strong lens candidates (Jacobs
lenses are also rare. The typical de ection angle produced bgal. 2017, 2019; Petrillo et al. 2019; Li et al. 2020; Rojas et al.
massive galaxy, assuming a spherical isothermal pro le?isd. 2022), but even with a 999% accurate classi er false posi-
that strong lensing is only observed if a background galaxytiges would dominate. Currently citizen scientists (Marshall et al.
less than this angular distance from the optical axis between #i8 5) or an even more accurate classi er will be needed to re-
observer and the de ector. duce the strong lens sample to a tractable problem.

The rst multiply imaged gravitationally lensed quasar was The Euclid Quick Release Q1 (2025) provides 63defy
discovered in 1979 (Walsh et al. 1979) and since th@® 000 data representative of the full Euclid Wide Survey. This sam-
cases of strong gravitational lensing candidates by galaxies hpleeshould contain 600 lenses (scaling from Collett 2015) and
been detected, with examples of lensed galaxies (Jacobs egiks us the rst chance to implement, test, and validate our lens
20109; Petrillo et al. 2019; Cafiameras et al. 2020; Li et al. 2020g¢ing pipeline on a large scale. This paper is part of a series
Rojas et al. 2022; Savary et al. 2022; Acevedo Barroso et @f.papers developing, describing, and demonstrating=tngid
2024), supernovae (Kelly et al. 2015; Goobar et al. 2017; Piessiong lens discovery pipeline on the Q1 dataset (Euclid Collab-
et al. 2024) and even individual stars (Kelly et al. 2018; Weldbration: Aussel et al. 2025).
et al. 2022; Meena et al. 2023) now known. This heterogeneous This paper focuses on expert visual inspection of spectro-
sample has allowed for a wide range of science, but has limiteebpically selected high velocity dispersion, massive galaxies as
the statistical power of strong lensing. observed by the Dark Energy Spectrsoscopic Instrument (DESI;

The main barrier to expanding the sample of strong gravitg=S! Collaboration et al. 2024) and the Sloan Digital Sky
tional lenses is the need for high angular resolution over a wigdrvey (SDSS; Kollmeier et al. 2019). The cross section for
area of sky. Most galaxy lenses in the Universe have an EinstgifPnd gravitational lensing scales as velocity dispersion to the
radius of 0% (Collett 2015) and so ground-based surveys (wi qurth power, and SO focusing on massive galaxies maximises 'ghe
seeing 1% can only hope to resolve multiple imaging aroun hance of discovering new strong lenses before we train machine
the most massive galaxies. Observing from space provides ning classi ers. Velocity dispersion and redshift are the key
angular resolution to resolve more typical galaxy-scale lendd@&ameters for understanding the de ection angles produced by
with 10 lenses discoverable per square degréipbleSpace Massive galaxies (Treu & Koopmans 2004; Auger etal. 2009), so
Telescope imaging (Faure et al. 2008; Garvin et al. 2022). Tiesults fr.om the spectrqscoplc'sample WI||.be easier to interpret.
VIS instrument (Euclid Collaboration: Cropper et al. 2024) on Starting with visual inspection of massive galaxies has three
Euclid (Euclid Collaboration: Mellier et al. 2024) will provide Main bene ts that enabled the machine learning discoveries
space-based imaging of over 14000 Heand so oers a step made in Euclid Collaboration: Walmsley et al. (2025). Firstly,

change in strong lens discovery potential. Forecasts by Collédvill provide a training set of expert vetted non-lenses and an
expert classi ed sample of non-lens massive galaxies that can be

used to create a positive training set by painting lensed sources
e-mail:karina.rojas@fhnw.ch behind them. Secondly, it will provide a small sample of real

?
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Euclid lenses that, in addition to their important scienti ¢ value,
can be used to validate the performance of our machine learning
classi ers for recovering lenses Buclid data. Finally it will al-

low us to understand Euclid is delivering on the strong lensing
forecast in Collett (2015).

The use of our simulated lenses to train machine learn-
ing classi ers is described in Euclid Collaboration: Lines et al.
(2025). The citizen science inspection pipeline is described in
Euclid Collaboration: Walmsley et al. (2025), where our main
Q1 strong lens sample is also reported. We report our double
source plane lens candidate sample in Euclid Collaboration: Li
et al. (2025). In Euclid Collaboration: Holloway et al. (2025) we
present a machine learning and visual inspection ensemble anal-
ysis.

This paper is organised as follows: In Sect. 2 we present how
we selected the data used in this work, what we expect to nd,
and the design of the visual inspection including how we create
the simulated test set. The results of theadent visual inspec-
tion stages are in Sect. 3 as well the analysis of the performance
on the simulated set. In Sect. 4 we present results from spectro-
scopic follow-up and in Sect. 5 the results from automatic mod-
elling. Finally in Sect. 6 we present updates in the simulation
pipeline and their implementation to build a training sample for

train machine learning models and analyze the selection func- o . o .
tion. Fig. 1. Distribution of the redshift and velocity dispersion of the tar-

gets selected from DESI and SDSS with availdblelid data for visual
inspection. The distributions correspond to the pre-selection from two

. di t d availability iBuclid.
2. Data preparation and setup i erent survey and availability iBucli

In this section we present the design of our project, including

the data selection, a forecast of what we should recover whighbased on a population of singular isothermal ellipsoid (SIE)

takes into account the initial selection, the stages of the visual @ ectors with velocity dispersions drawn from the observed

spection procedure, and a description of the procedure to credacity dispersion function of galaxies (Choi et al. 2007) uni-

simulations to evaluate the performance of the visual inspecté&@gnly distributed in comoving volume betweer 0 andz = 2.

during the project. Behind these de ectors is a population of sources drawn from the
LSST simulated catalogue (Connolly et al. 2010), with sources
from redshift O to 5.

We repurposed &éngPopto forecast the expected number of

We selected massive galaxies with a velocity dispersion abd spectroscopically selected objects that should be detectable
180 kms? from DESI Early Data Release (EDR, DESI Collabas lenses wittEuclid. We replace the énsPop de ector popu-
oration et al. 2024) and from SDSS Data Release 18 (DRi&jon with the observed redshift and velocity dispersions of our
Almeida et al. 2023). In February 2024 we queried Eheclid 11 660 targets, assuming they are all SIEs. We retain éingop
Science Archive System (SAS) for any available product cohackground source population, simulation diclid observa-
taining the selected targets. We found 11560 out @0000 tions and the discoverable lens criteria used in Collett (2015),
galaxies in the DESI sample and 100 out of 1.6 million in th@® which we refer the reader for further details. Applying this
SDSS sample. In Fig. 1, we present the redshift and velocity diBethod we expect 32 lens systems should be discoverable from
persion distribution of the sample available at that query dagir 11660 targets.
Most of the galaxies were found in the performance veri ca- This estimate is far from perfect because it neglects any con-
tion (PV) data. The majority are in the Euclid Deep Field Norttribution to the lensing mass from groups and it assumes the
(EDF-N) and a few are part of the COSMOS-wide eld. Hencé)ESI and SDSS velocity dispersions are correct, which is un-
a few targets are outside the area covered by the Q1 release likely to be true for mergers. It also ignores any eiences be-
those targets, we present in this work the latest version availatleen our selection function and that in Collett (2015), who as-
in the SAS and we call them pre-Q1 data. As we plan for a vistalmed a search on lens-subtradteloland images. We udeand
inspection, the dierence in data processing between this and thrdrared bands but do not subtract lens light. The statistical er-
nal Euclid Q1 data is not especially relevant. rors of 10% on the velocity dispersion are irrelevant compared
to these systematics.

This forecast also may not be accurate since it neglects the
DESI and SDSS spectroscopic selection functions. The pres-
By preselecting only the highest velocity dispersion galaxies @mce of a bright lensed arc will change the overall magnitude
DESI and SDSS, we selected galaxies with large strong leasd colours of the system which may decrease (or increase) the
ing cross sections. This means that the prevalence of lensgmgbability of DESI or SDSS targeting the system. In summary,
should be much higher than for randomly selected galaxies. ok should expect on the order of 30 lenses but it would not be
lett (2015) used the éndPop to forecast the expected numbesurprising if the true number deviated by a factor of 5 in either
of lenses in the entir&uclid survey to be 170000. This resultdirection.

2.1. Spectroscopically selecting massive galaxies

2.2. Forecast of expected lenses
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2.3. Visual inspection design spirals. The purpose of this simulation set was not only to iden-

. ) . ) . tify obtuse or random classi ers but also to evaluate the selec-
To perform our visual inspection we used a slightly modi egjon, function. The simulations were carefully designed to almost
version of the visualisation tool developed by Acevedo Barroggenly sample the parameter space of the Einstein radii and the
et al. (2024). We used only the 1-by-1 sequential viewer, whief of the lensed images. In this stage the task was to classify
displays a target cutout in thie band (Euclid (_Zollabo.ratlon: the targets amongeens(L), Possible LengPL), Non LengNL)
Cropper et al. 2024) and two co_lou.r composites Usiie-  andSimulation this last category is optional. As in Stage-1 non-
He andYe-Je-H: (Euclid Collaboration: Jahnke et al. 2024). Wepeci ¢ guidelines were given, but we expected that inspectors
added or modi ed classi cation and subclassi cation buttons agyoyid click Lenswhen an obvious lens system was displayed

cording to the dierent stages of this project. The nal versiorpgssiple Lens/hen the system may be a lens ahah Lensvhen
of the classi er exhibits three main buttons for lensing classi o sign of lensing features was present.

cation: Lens Possible Lensand Non Lens and six buttons for

morphological classi cationMerger, Spiral, Ring, LRG, Simu-

lation andOther. 2.4. Catalogues and score system
To achieve the goals of this project, we designed three staggs,

A beta stage for testing, and build a test set for following stal order to create the nal catalogues of galaxies in the cate-
. ' X O riesSpirals MergersandRings we kept any object that had
stage-1, for detailed morphological classi cation, and stage-2 fr. pira’s g 9s bt any obj

| ding. Th i detailed as foll vote in the respective category from at least 3 out of the 4-5
ens grading. These stages are aetailed as 10flows. inspectors. For LRGs we increased this cut to 2 votes out of 4—

In the beta stage we aimed to test the modi cations applied pecause usually LRGs do not get mistaken by any other cate-
to the visualisation tool but also to build a small test set for thgry Additional details into this morphological classi cation are
following stage. To do so, six visual inspectors classi ed 200{ Sect. 3.1.
random targets from the whole sample. Classi ers were asked t0 |y the case of lenses, we tried two score systems, a linear and

use all the buttons for testing purposes but the main focus Wageighted one. In the linear one we assigned a linear score to
the identi cation of luminous red galaxies (LRGs) to build a tes},e 3 categories, from 3 to 1 with=3, PL=2, NL=1, and then

set containing simulated lens systems based on real images, a3aged among the number of participants. In the weighted one
is explained in detail in Sect. 2.5 and LRGs as negative exaffis counted the votes fdrens3 times more than the votes for
ples. From this stage we identi ed 700 LRGs without any lengsiple LensFor our particular case we observed that using the
ing features. We then created simulations and kept a fractiongdighted score system shows a clearer separation in the sample.
the LRGs as negative examples. We constructed the test set SH‘ﬁE results in a dierent scoring system than the one used in

that visual inspectors should see a lens every 10-15 images. H){3|ig Collaboration: Walmsley et al. (2025). The equation to
does not represent the real rate of lensed (n 1000 galaxies) qpyain the visual inspection score of each target is then:
but could keep inspectors motivated.

In stage 1 we separated the sample into 6 groups with 5 vi- 3N + 1NpL
sual inspectors in a group. Each person received a sample’/bfcore= Total number of votes )
about 2100 targets mixed with a test set of 200 labelled targets,
150 simulations and 50 LRGs, prepared with the information owhereN_ is the number of votes in theenscategory andNp_
tained in the beta test. This test set was the same for all individ-the Possible Lengategory. Using this scoring system, each
uals and had the purpose of detecting classi ers with poor cotens received a unique score between 3 and 0. That is, the higher
pleteness and purity that could bias the classi cation. The taskiire score, the more con dent inspectors were that the system is
this stage was to do a detailed morphological classi cation, clesiens. For the nal lens catalogue we decided to make two cuts
sifying each galaxy clicking in the respective button according o the scores to separate the candidates into two groups. Cate-
the categoriedvlerger, Spiral, Ring LRG, andOther, which are gory A, for a group of candidates mainly comprising obvious
the most common contaminants in lens searches. In the optiems systems, with clear lens features, being the most voted by
Other we expected users to classify any other type of galadye inspectors. Category B, for a group of candidates with more
that is not listed in the options but also small galaxies whedeubtful lens systems. Any target that did not pass the two cuts
insu cient detail made accurate classi cation impossible. Fuwas discarded. The VI score thresholds for these categories are
thermore, inspectors were instructed to identify lens candidatiscussed in Sect. 3.2.
using the optionstens(L), Possible LengPL) andSimulation
We expected.ensto be used for obvious lens systems &adsi-
ble Lensfor more doubtful ones, but no speci ¢ guidelines wer

given regarding the use of these buttons. With respect to the bri-create the simulations we used all fduclid bands follow-

ton Simulation this one was introduced for those who wanted t@gq the procedure in Rojas et al. (2022) and usiegstronomy*

test their abilities to distinguish simulations from real lens syggirrer & Amara 2018; Birrer et al. 2021).

tems, however its use was not mandatory and for nal grading our de ectors are selected LRGs with known-redshifts and

their votes counted as clickirigens velocity dispersions. We t a Sérsic pro le to th& band image
Stage-2 was designed to grade all the possible lens systefsbtain the ellipticity and central position of the galaxy, we

So here all visual inspectors re-inspected all targets that receiv@lil use these parameters to create our mass model. To minimise

at least one vote in the categoriesnsand Possible lensdur-  the log-likelihood in this tting procedure we used a downhill

ing stage-1. Each inspector received the same set of data gingplex optimization (Nelder & Mead 1965) with 500 maximum

collection ofLensandPossible lengalong with a new test set, iterations. We are not interested in a perfect t, butin a rough and

di erent from stage-1, and built with the labels collected in thgst estimation, allowing some errors that could lead to a more

rst stage. This time the test set contains 111 simulations, so th@terse population of lenses.

the inspectors saw a lens evenl0 images, and 80 non-lenses

divided equally into four categories: LRGs, mergers, rings, artdhttps://github.com/lenstronomy/lenstronomy

8-5- Simulations
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We selected sources to act as background galaxies from the
HST/ACS F814W high-resolution (Leauthaud et al. 2007; Scov-
ille et al. 2007; Koekemoer et al. 2007) catalogue compiled by
Cafiameras et al. (2020). These are HEHC combined sources,
where the image is from HST and the colour information comes
from Hyper Suprime Cam (HSC) ultra-deep stack images (Ai-
hara et al. 2018). In this case we use the HST image and we
assigned a similar magnitude to match Eclid Iters. In the
case ofl. band we used a combination of images with HSC
band+ i-band magnitudes. To match the infrarred bands we used
the llbert et al. (2008) catalogue to assign infrared magnitudes to
our source galaxies. To do so we nd the source with the near-
estgri magnitudes to ours and we assign their infrared magni-
tudes. In this case the closest infrared available lters in the cat-
alogue toEuclid Y, J;, andH; lters are z-, J-, andK-bands
respectively. This resulted in some cases with obvious mismatch
colours when displayed in colour composite images, e.g. purple-
ish lensing features. Fig. 2. Twelve example simulations selected to spanedént Einstein
When both lens and source data are ready we match themaidiii and logy(SNR) in Iz band. Each cutout has a size 040 10°°
a way to ensure they will form Einstein radii greater th&%.0 displayed using an MTF function usingandY: bands.
To do so we calculate the minimum redshift that a source should
have to produce an Einstein radii d®and we select a random
source among all the ones with redshift above this value. We @opessimistic classi ers from biasing the sample. The inspec-
not constrain the maximum Einstein radii, as we rarely formtars had three weeks to complete the task; after the deadline, 25
system with such a large separation, allowing for this to happé@xperts returned classi cations. To ensure at Ie_a;t 4-5 classi ca-
Once we have a lens-source pair we create an SIE mH88S per group, classi er K.R. inspected 3 additional batches of
model, whose parameters are the Einstein radiyugosition an- data, keeping the original split of 4 groups with 5 classi cations
gle, the axis ratio and the central position. We derive the Einst@Rd 2 groups with 4 classi cations.
radius using the lens and source redshifts and the lens velocityBased on the test set, the performance of all classi ers var-
dispersion. The position angle, the axis ratio and the central @d in completeness above 50% and purity above 97%, except
sition are obtained from the Sérsic pro le tted to the lens. Wéor one, whose completeness and purity were both below 50%.
used this mass model to lens the background source light wha&erefore, we decided not to use the classi cations of this user,
position is randomly selected within a square enclosing the cal@aving us in the end with 3 groups with 5 classi cation and 3
tics. We downsampled the lensed source image to match l@hgups with 4 classi cations.
pixel size. Then, we convolved the image with a Gaussian with a To analyse the morphological classi cation we counted how
FWHM of 0°945 for images in. Iter or 093 for those in the in- many votes in each category a target received. To consider a tar-
frared, to broadly mimic the eect that the telescope PSF couldet to be in the categorielsSRG, Spiral, Merger, RingandOther,
produce, although these values do not match the exact FWiM applied the following requirements: the targets must have at
of the PSFs in each lter. Finally, we re-scale the ux to thdeast three votes in the corresponding category and the target
lens-image values. In Fig. 2 we show examples of simulatioslould have no vote in a lensing related category. In the case
ranging over dierent combinations of Einstein radii and signalef LRGs, as we want a very clean sample to use them for sim-
to-noise ratio (SNR) of the source galaxy in thdmage. The ulations, we added the additional restriction that it should not
SNR is calculated taking the maximum value of the quotient beave any votes in one of the other categories, removing possi-
tween the cumulative sum of the pixels in the lensed source ilie confusing targets. As a result, we obtained 2578 spirals, 250
age before adding it to the lens galaxy image and the cumulativerges, 61 rings and 2477 galaxies in the cate@thers In the
sum of the root mean square of the background standard dedgse of LRGs, 16% of the sample that complied with the gen-
ation in the simulated image. The images are displayed usirgl requirements did not pass the additional restriction leaving
the midtone-transfer function (MTF; see Euclid Collaboratio@ sample of 2798 secure LRGs. Only 0.7% of the whole sample
Walmsley et al. 2025). did not receive any classi cation in any category by any user,
the main cause of this were targets missingand information
or artifacts in the image that do not allow a proper classi ca-
3. Results tion. 23% of the sample received confusing results not reaching
) ] . a minimum of three votes in one category. These targets were
Our visual inspection had three stages. A beta-test and two Mgt considered further. Examples of the best classi ed targets in
steps: stage-1 and stage-2. In this section we present the reshéi§e categories are shown in Fig. 3. One remark regarding the
found during these two main stages. categoryOtherandSpiral was noted in a post-classi cation sur-
vey, where some inspectors mentioned that they classi ed edge-
on spirals in spiral and other inspectors in the category Others, so
this type of galaxy can be found mixed in these two categories.
In stage-1 a total of 28 experts subscribed to perform the visual Regarding strong lensing candidates, 1076 targets received at
inspection, they were divided into 6 groups, 4 groups of 5 cldsast one vote in one of the lensing related categories, including
siers and 2 groups of 4 classi ers. We made sure each grodg targets with at least 3 votes lasnsand 84 adossible lens
had at least one experienced classi er, a person who had partiterestingly 34 real targets were agged by at least one person
ipated in several visual inspections before, to prevent doubtilthe optionSimulation

3.1. Stage 1: Morphological visual classi cation
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Fig. 3. Six examples of targets classi ed in the LRG, mergers, spirals, rings, and other categories during stage 1 of the visual inspection. CutoL
have a size of 18 15%and they are displayed using an MTF function usingndY: bands.

3.2. Stage 2: Lens candidate grading lens candidates separated by category, their score and data re-
. . o lease availability (Q1 or pre-Q1). In Tables 1 and 2 we present

All visual inspectors who completed stage-1 were invited to pafre list of candidates in each category, their names, coordinates,

ticipate in stage-2. After two weeks, all but one returned classiredshifts, velocity dispersion, visual inspection score and refer-

cations of all targets. In this stage we reclassi ed, only using th@ces to the discovery publication in case they were previously
lensing related options, the 1076 targets with at least one votgjistected.

a lensing category from stage-1.

The user performance was evaluated using adint test set
than the one used in stage 1. This updated set included simula-
tions made with the previously classi ed LRGs and examples pbf this section, we present the spectroscopic analysis of observa-
di erent false positives. Most visual inspectors achieved a purilyns from the Palomar Observatory and the inspection on public
above 95% and a completeness above 70%. However, three cigailable spectra from DESI and SDSS archives searching for
si ers presented a purity below 80% and one had a completenegsission or absorption lines at a redshift eient from that of
below 50%. Consequently, we decided to exclude the classi afe reported lens, which could provide an estimate of the source
tions of these four visual inspectors from our nal analysis. redshift.

We calculated individual scores for each target following
Eqg. (1). By plotting all targets and their scores we visually dg- :
cided to separate targets into 3 categories: A, B and Non-le%'sl.' Palomar observations
The distinction between A and B can be seen as targets in d&k obtained optical spectroscopic follow-up of 12 category A
egory A are almost secure lens systems while in category B wandidates in the EDFN using the Double Spectrograph (DBSP,
have possible lens candidates and a few contaminants. For c@ee & Gunn 1982) on the 5m Hale telescope at Palomar Obser-
gory A we obtained 36 targets with a score above 1.20 and f@tory between July and September 2024. Table 3 presents the
category B, 40 targets with scores between 1.20 and 0.70. Taeyets for which we were able to measure at least one redshiftin
remaining targets were discarded. In Fig 4 and 5 we show #ie possible strong lens system. The nights all had seeing rang-

Spectroscopic follow-up
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Fig. 4. Lens candidates in category A. Each image display on top the lens candidate name and on bottom the category, VI score, and data rele
Each cutout has a size of 5 15°°and they are displayed using an MTF function udingndYg bands.

ing from 14 to 19%; most observations were obtained with®3  clouds that the dome was shuttered. For each source, we obtained
seeing. Half the nights were photometric, meaning no cloud cdwo or three exposures of 1200 s using tl® %lit, the 600 line
erage, and the other half had variable levels of cloud coveragge grating (blazed at 4000 A), the 5500 A dichroic, and the
ranging from minimal to su ciently severe and opaque monsooB16 line red grating (blazed at 7500 A). The slits were aligned
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Fig. 5. Lens candidates in category B. Characteristics of the images are the same as Fig. 4.

on the candidate lensing galaxy at a position angle to cover #ed a highly secure redshift, or quality B, implying some ambi-
putative lensed source feature. The data were reduced using sjaity to the reported redshift either due to the robustness of the
dard techniques within Image Reduction and Analysis Faciliputative detected feature or ambiguity into the identi cation of
(IRAF), and the quality (Q) of spectroscopic redshifts were atiat feature.

sessed as either quality A, implying multiple detected features
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Table 1.Lens candidates in Category A.

Name RA Dec Zens vIkms1] Viscore Modet g[° Discovery
EUCL J095950.74022057.8 149.961433 2.349415 0.94 331 3.00 NM - [1]
EUCL J174517.55655612.5 266.323138 65.936820 0.61 300 290 /YY 1.23 Thiswork
EUCL J175049.89665454.5 267.707904 66.915153 0.38 200 290 /YY 1.39 Thiswork
EUCL J180354.65643421.6 270.977718 64.572670 0.52 193 275 /YY 1.06 Thiswork
EUCL J175555.24635718.7 268.980054 63.955196 0.33 219 260 /YY 053 Thiswork
EUCL J181214.74651851.5 273.061422 65.314333 0.31 248 255 /YY 1.73 Thiswork
EUCL J175131.72665425.2 267.882204 66.907018 0.26 333 255 /YY 120 Thiswork
EUCL J100013.92022249.5 150.058040 2.380438 0.35 227 2.50 NM — [2]
EUCL J174658.82652642.8 266.745111 65.445234 0.81 204 2.50 - N - This work
EUCL J174907.29645946.3 267.280382 64.996215 0.48 298 240 /YY 091 Thiswork
EUCL J100056.78021225.8 150.236610 2.207190 0.36 249 2.40 NM — [2]
EUCL J175619.59660944.9 269.081656 66.162488 0.27 245 235 /YY 1.28 Thiswork
EUCL J175804.74661103.9 269.519782 66.184429 0.92 232 230 /YY 099 Thiswork
EUCL J100021.29022738.3 150.088725 2.460639 0.73 221 2.10 NM — This work
EUCL J175102.98652713.6 267.762422 65.453784 0.73 312 190 /YY 1.45 Thiswork
EUCL J180429.32665508.1 271.122184 66.918930 0.67 335 1.90 - N - This work
EUCL J175255.6¥672542.9 268.231987 67.428601 0.75 185 1.85 /YY 1.47 Thiswork
EUCL J095939.16023043.9 149.913197 2.512212 0.72 234 1.80 NM - [3]
EUCL J175358.41670342.2 268.493385 67.061738 0.20 256 1.80 /¥YY 1.70 Thiswork
EUCL J180103.5¥662743.2 270.264883 66.462022 0.67 243 1.80 /YY 1.80 Thiswork
EUCL J100133.88021420.6 150.390992 2.239058 0.67 221 1.75 NM — This work
EUCL J095951.04021236.8 149.962680 2.210235 0.42 228 1.70 NM - This work
EUCL J095941.36023628.9 149.922088 2.608045 0.89 263 1.65 NM — This work
EUCL J095929.92021352.1 149.874700 2.231164 0.34 216 1.65 NM - This work
EUCL J174613.92662840.2 266.558025 66.477847 0.63 248 1.65 - N - This work
EUCL J180320.15650154.2 270.833961 65.031730 0.81 299 1.65 [/YY 0.47 Thiswork
EUCL J175735.2¥662105.8 269.396979 66.351620 0.28 263 155 /YY 0.64 Thiswork
EUCL J175933.58651535.8 269.889925 65.259966 0.56 217 1.50 /YY 1.18 Thiswork
EUCL J180321.25642828.2 270.838560 64.474516 0.19 228 1.45 /Y'Y 0.77 Thiswork
EUCL J174806.36661149.0 267.026514 66.196947 0.62 333 1.40 /YY 0.31 Thiswork
EUCL J175032.04633251.1 267.633377 63.547552 0.28 261 140 /Y'Y 1.49 Thiswork
EUCL J174752.1¥660743.0 266.967395 66.128635 0.70 276 1.30 /Y'Y 1.30 Thiswork
EUCL J100211.64022955.2 150.548511 2.498683 0.88 257 1.30 NM — [3]
EUCL J181434.76654207.1 273.644590 65.701988 0.20 277 1.25 - N - This work
EUCL J100108.3¥024029.8 150.284904 2.674945 0.25 291 1.25 NM — [1]
EUCL J100046.76020424.3 150.194841 2.073427 0.94 234 1.20 NM - This work
EUCL J180723.52650732.4 271.848021 65.125671 0.89 310 1.20 /YY 1.08 Thiswork
EUCL J100002.66024250.5 150.011105 2.714039 0.74 259 1.20 NM — This work

Notes.@ In this column we report both model successdel expert evaluation. WhereN stands for yes and no regarding if the system was
successfully modelled and if experts think the system is a lens based on the model. Systems with pre-Q1 data were not modelled, hence NM ste
for No Model.

References[1] Pourrahmani et al. (2018), [2] Garvin et al. (2022), [3] More et al. (2012)

All the lensing galaxies proved to be early-type galaxies with2. Additional available spectra
Caii H & K absorption and, generally, strong 4000 A breaks, . _ )
We obtained quality A redshifts for four lensed sources, all ¥f€ Visually inspected the available DESI and SDSS spectra for
z 2, as well as one quality B redshift at= 2:316 (Fig. 6). all 78 targets. We found that all ten redshift for the lens galax-
In most cases, the lensed background source was revealed 8 gbtained from Palomar are in agreement with the redshifts
slightly o set or extended blue emission line coincident with tH'€viously reported. Regarding the source detections made by
early-type lensing galaxy. Since the emission features did rigdomar, in most of the cases, the Lgmission line is out of the
correspond to any strong, redshifted spectral features in eafRf=S! SPectra coverage or very near to the edge making its de-
type galaxies (which generally do not have emission lines), tigetion in DESI dat_a |mposs!ble or unreliable. Ad_d|t|ongl spec-
most plausible identi cations were lensed Lyatz 2. One tral features were identi ed in only four targets, including the
lensed source, EUCL J175555#835718.7, does not show Ly EUCLJ175555.24635718.7, the Lyman-break galaxy previ-
emission but instead shows the classic spectrum of a Lym&4Sly mentioned. Based on insights from Palomar spectroscopic
break galaxy with multiple absorption lines due to the interstefata, we believe that in many cases, the emission or absorption
lar medium. A detailed analysis and further follow-up of this tafin€S may fall outside the observed spectral range or near the
get and EUCL J174907.28645946.3, a possible double SOurcgdges, where noise levels are high, making detection challeng-

plane candidate, will be presented in Moustakas et al. (in prep)9- Additionally, the integration time may not have been suf-
Clent to capture the often faint signals from the sources. The
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Table 2.Lens candidates in category B.

Name RA Dec Zens vIkms1] Viscore Modet g[° Discovery
EUCL J174557.26655632.7 266.488341 65.942430 0.60 218 1.15 - N - This work
EUCL J180007.48631553.4 270.031189 63.264859 0.29 316 1.15 NM — This work
EUCL J180330.58631941.8 270.877209 63.328302 0.92 236 1.10 NM - This work
EUCL J175605.62635749.9 269.023418 63.963877 0.70 283 1.10 - N - This work
EUCL J175149.82635445.1 267.957618 63.912530 0.33 191 1.05 - N - This work
EUCL J180621.74663023.3 271.590471 66.506485 0.85 280 1.00 /YY 1.43 Thiswork
EUCL J175633.58662304.9 269.139948 66.384706 0.39 230 1.00 /Y'Y 0.99 Thiswork
EUCL J174704.75655341.9 266.769824 65.894996 0.77 236 1.00 /¥YY 0.54 Thiswork
EUCL J100130.52021903.1 150.377170 2.317550 0.70 271 1.00 NM - [1]
EUCL J175943.34642612.6 269.930605 64.436846 0.65 253 0.95 /YY 0.75 This work
EUCL J180843.14660735.6 272.179785 66.126567 0.22 292 095 /NY - This work
EUCL J180216.86652534.4 270.570265 65.426239 0.48 283 0.95 - N - This work
EUCL J180313.84652307.4 270.807705 65.385405 0.77 311 0.95 /YY 0.73 Thiswork
EUCL J095940.08025012.9 149.917010 2.836917 0.36 235 0.90 NM — This work
EUCL J095953.94023319.7 149.974664 2.555488 0.73 254 0.90 NM - This work
EUCL J180437.08662706.1 271.154194 66.451702 0.67 305 090 /NY - This work
EUCL J095942.51024010.4 149.927150 2.669560 0.79 324 0.90 NM — This work
EUCL J180612.19645019.6 271.550799 64.838791 0.58 217 0.90 - N - This work
EUCL J180047.32651812.8 270.197198 65.303572 0.29 193 0.90 /YY 1.48 Thiswork
EUCL J174610.78660738.9 266.544935 66.127475 1.00 267 0.85 - N - This work
EUCL J180820.52653931.5 272.085531 65.658777 0.52 330 0.85 - N - This work
EUCL J180152.76655455.5 270.469808 65.915421 0.36 278 0.85 /NY - This work
EUCL J174949.02661347.5 267.454275 66.229872 0.35 215 0.85 /NY - This work
EUCL J180840.24662302.8 272.167673 66.384137 0.92 245 0.80 /YY 0.92 Thiswork
EUCL J175614.34644858.5 269.059778 64.816274 0.64 241 0.80 /YY 0.92 This work
EUCL J175935.68663355.5 269.898476 66.565430 0.39 243 0.80 /YY 0.87 Thiswork
EUCL J175408.26651709.9 268.534402 65.286092 0.67 218 0.80 /YY 0.95 This work
EUCL J180855.8¥632955.7 272.232826 63.498831 0.64 275 0.75 NM — This work
EUCL J175141.46643510.4 267.922538 64.586238 0.64 227 0.75 /YY 1.10 This work
EUCL J100101.04022036.5 150.254245 2.343489 0.60 311 0.70 NM - This work
EUCL J100023.54021652.8 150.097985 2.281358 0.75 215 0.70 NM — [2]
EUCL J175604.25671737.3 269.017725 67.293715 0.69 311 0.70 /YY 0.86 This work
EUCL J175811.62664928.9 269.548440 66.824712 1.09 269 0.70 /NY - This work
EUCL J180931.76654000.5 272.382329 65.666818 0.93 188 0.70 /YY 1.14 This work
EUCL J175730.54632500.2 269.377274 63.416732 0.48 256 0.70 NM — This work
EUCL J180240.36662558.1 270.668199 66.432832 0.48 270 0.70 /NY - This work
EUCL J175038.26662519.9 267.659169 66.422196 0.40 255 0.70 /YY 1.03 This work
EUCL J180001.68655320.1 270.006810 65.888924 0.68 281 0.70 /YY 0.94 Thiswork
EUCL J175549.29655935.7 268.955380 65.993254 0.82 293 0.70 /YY 2.38 Thiswork
EUCL J180239.26632450.3 270.663350 63.413974 1.05 186 0.70 /YY 0.72 This work

Notes.® Same de nitions as in Tab. 1.
References|[1] Cao et al. (2020), [2] Pawase et al. (2014)

ndings for the three additional detected targets are describ®d Lens modeling

below. . . . —_— .
For EUCL J174613.92662840.2 we found an emission IineThe Euclid strong lens modeling pipeline (Nightingale in prep.)

: e . was applied to the 53 lens candidates with Q1 data, 24 category
:ts%i?Z f‘r'e%‘;‘f“ef(tjo(;nl'gso;hape’ itis likelyiiGcorresponding to A and 29 category B. This nal step aims to provide insights to

. hether th idat tential strong lensi i
In the spectra of EUCL J1001010022036.5 we identi ed oocsS Whether the candidates are potential strong lensing sys

te
weak emission features at 7217 A, 9603 A and 9693 A, which
could correspond to © and Qiii] doublet indicating a source
galaxy atz  0:935. However, due to the weakness of the signdl,1. Approach

this detect|on_ remains ambiguous. - We perform automated strong lens modeling of all the candi-
The candidate EUCL J180152#655455.5 exhibits a cleardates with Q1 available data using tBeclid strong lens mod-

set of emission lines at a derent redshift than the absorptiongjing pipeliné, adaptated from the lens modelling software
lines corresponding to the leng € 0:36). We identi ed Qii, PyAutoLens® (Nightingale et al. 2021).
H , Oiii] doublet and H correspondingtoa 0:48. The close

proximity of these two galaxies suggests that this system is rfogithub.contJammy221feuclid_strong_lens_modeling_pipeline
a strong lens candidate. 3 github.comJammy221/PyAutoLens
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Table 3. Palomar spectroscopy of strong lens candidates.

Name ObsDate (UT) PA[deg] Zens Zsource QQ7 Notes
EUCLJ174907.29645946.3 2024 Aug 02 15 0.481 1839 M Compound lens
EUCL J175049.89665454.5 2024 Jul10 +150 1.956 A
EUCL J175555.24635718.7 2024 Jul 10 +90 2.011 /A Lyman-break
EUCL J180354.65643421.6 2024 Aug 02 60 0.518 1.897 M
EUCL J174658.82652642.8 2024 Aug 03 0 0.812 2.316 /BB

2024 Sep 11 15 0.812 A-
EUCLJ174517.56655612.5 2024 Aug 02 30 0.611 A-
EUCLJ175102.98652713.6 2024 Aug 11 +35 0.734 B-
EUCLJ175131.72665425.2 2024 Aug 03  +90 0.264 A-
EUCLJ175619.59660944.9 2024 Aug 11 +120 0.271 A
EUCLJ175735.2¥662105.8 2024 Aug 11 0 0.285 [A
EUCL J180321.25642828.2 2024 Jul 10 +10 0.186 A-
EUCLJ181214.74651851.5 2024 Aug 02 40 0.308 A-

2024 Sep 08 40 0.309 A-

Notes.® Quality of the redshift calculation for lefsburce; see Sect. 4 for details.

The lens mass is modelled as an isothermal pro le

mass
1 E

= 1+ gmass !

()

th
where ['#°is the Einstein radius. De ection angles are calcyy,
lated using Tessore & Metcalf (2015)'s methodipAutoLens.
External shear is included, parameterized &§%;( $), with the

shear magnitude and orientation given by

_ ext
ext 4 ext. tan 2 ext — _2
1 2 ext -

1

ext —

. s
The de ection angles due to the external shear are computed

alytically.

()

3)

not a strong lens. Overall, 44 out of 53 candidates (83%) were

successfully modelled.
Among the 44 successful ts, experts evaluated whether the

candidates were genuine strong lenses based on the models. Of

ese, 38 were classi ed as strong lenses, while 6 were deter-
ined not to be. All six non-lens belonged to category B, in-

cluding EUCL J180152.75655455.5, which was blindly ruled
out by this pipeline. This decision was later supported by red-
shift estimation of the two galaxies (Sect. 422, = 0:36 and

22 = 0:48), con rming that this is not a strong lensing interac-
tion. In Tables 1 and 2 we present for each candidate the model
success and the decision of the experts. When the model ts the

The Euclid strong lens modelling pipeline models the lens
galaxy's light using a multi-Gaussian expansion (MGE, He et y. Dpiscussion
2024), accounts for PSF blurring, and subtracts this model from
the observed image. A mass model (isothermal distribution) raf/e have morphologically categorized about 5000 galaxies, dis-
traces image pixels to the source-plane, where a pixelized souroeered around 70 lens candidates, conducted a spectroscopic
reconstruction is performed using an adaptive Delaunay mesampaign at the Palomar Observatory to con rm ve of them,
The pipeline iteratively ts various combinations of light, massand successfully automatically modelled 44. In this section, we
and source models; the pipeline initially ts a simpler model usliscuss the lensing selection function and how we used our
ing an MGE source for ecient and robust convergence towardeesults to build the training set used in Euclid Collaboration:
accurate results, then subsequent stages employ the more ddalmsley et al. (2025) and Euclid Collaboration: Lines et al.

plex Voronoi source reconstruction. The pipeline chains togeti{@p25).

ve lens model ts in total.

For further description oPyAutoLens, see He et al. (2024),
Nightingale et al. (2024), and Nightingale (in prep.) for ful

stem successfully and the experts agree that the candidate is a
s, we also report the Einstein radig).

p.l. Lensing selection function

details. We also provide more details in Euclid Collaboratiorrhe simulations in the test set used in stage-2 provide a broad,
though not exhaustive, insight into our selection function. In
Fig. 7 , we present each simulation alongside its corresponding
visual inspection score, mapped within the parameter space of
Einstein radii and the SNR of the lensed source inthmnd. To

Walmsley et al. (2025) Appendix A.

5.2. Modelling results

The rst step assessed whether the automated modelling viester understand the relationship between these parameters and
successful, based primarily on how well the model reproductuk visual inspection score, we used a Gaussian process regressor
the observed lensed source emission. The critical curves of (B4°R) from thescikit-learn  library (Pedregosa et al. 2011).
mass model and the source plane were also evaluated. A Silte GPR allows us to predict scores across the parameter range,
cessful lens model does not necessarily con rm the candidéiterefore to understand the pattern in the data to model it and
as a strong lens but indicates that the model t the data as @ccount for uncertainties. To do this we used a composite kernel
pected. For instance, if the observed emission in the image-planasisting of a “ConstantKernel” which represents the overall

is singly imaged without a counter-image and the model re ectsale of the parameter function, a “MaternKernel” which pro-
this, the tis deemed successful, even though the candidatevides exibility in modelling smooth variations and a “WhiteK-
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