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Abstract

Overlapping galaxies, in which a foreground galaxy partially overlaps a background galaxy, offer a unique opportunity to measure dust
attenuation, a key nuisance parameter in galaxy studies, empirically and in great detail by modelling the light of both the foreground
and background galaxy and inferring the missing light in the overlapping region. However, the current catalogue of overlapping pairs is
relatively limited in number compared to catalogues dedicated to individual galaxies. Expanding this catalogue is not only a necessity to
facilitate further detailed dust studies beyond the few limited studies conducted thus far but also to improve pair-to-pair variance and
support automated identification through machine learning techniques. To achieve this, we utilise galaxies classified as ‘overlapping’ from
Galaxy Zoo DECaLS (GZD-1, -2, and -5), along with images from Data Release 10 (DR10) of the DESI Legacy Survey, in our individual
citizen science project to classify these pairs directly using volunteers. This new catalogue will not only provide a wealth of targets for future
dust studies but will also contribute to a deeper understanding of these pairs and dust as a whole.
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1. Introduction Seibert et al. 2005; Casey et al. 2014), and model-based studies
(e.g. Meurer, Heckman, & Calzetti 1999; Seibert et al. 2005; Casey
et al. 2014), and model-based studies (e.g. Burgarella, Buat, &
Iglesias- Paramo 2005; Conroy, Schiminovich, & Blanton 2010;
Leja et al. 2017; Salim, Boquien, & Lee 2018) all demonstrate that a
universal law does not currently exist. Some explanations of this
diversity may involve star-dust geometric effects, metallicity, or
sampling biases introduced by emission lines (e.g. Calzetti et al.
1994, 2000; Charlot & Fall 2000; Gordon et al. 2003; Wild et al.
2011; Reddy et al. 2015; Buat et al. 2018). However, we ultimately
need a deeper understanding of interstellar dust and its influence
on our observational data to be able to explain the cause of these
differences confidently.

Occulting pairs of galaxies, in which a foreground galaxy par-
tially overlaps a background galaxy, are becoming increasingly
valuable for studying dust attenuation and other dust properties
in galaxies. These occulting systems present a unique opportunity
to derive attenuation measurements by modelling the light from
both galaxies and inferring the missing light in the overlapping
regions, leaving only the light attenuated by dust remaining. This

Only a small fraction of the mass of the interstellar medium (ISM)
in a galaxy consists of interstellar dust (Casasola et al. 2019; La
Mura et al. 2025). Yet, that minute fraction plays a significant
role in our astronomical observations. Dust attenuation, which
encompasses both the absorption and scattering of starlight as
well as the geometry of the sources and the ISM itself, hinders
accurate measurements of the intrinsic properties of galaxies by
influencing and reshaping the spectral energy distribution (SED)
(Salim & Narayanan 2020). As a result, standard and fundamental
galaxy evolution parameters, such as star-formation rates (SFRs)
and stellar mass (M, ), are subject to systematic uncertainties.

The simplest way to account for this wavelength-dependent
attenuation of starlight by dust is to introduce a single atten-
uation curve that captures the complex blending of dust prop-
erties and source geometry (Buat et al. 2018). However, devel-
oping a single, universal attenuation law remains an open chal-
lenge in the modern era. The differences in attenuation rela-
tions used between sight-lines in empirical studies (e.g. Calzetti,

Kmney., & Storchi-Bergmann 1994; Calzetti et al. 2000;. Battisti, approach, first introduced by White & Keel (1992), demonstrated
Calzetti, & Chary .2016’ 2017; Johnson et al. 2007; Wﬂ‘,l et al. practical use in many areas of photometry (Andredakis & van der
2011) IRX-§ studies (e.g. Meurer, Heckman, & Calzetti 1999 it 1992; Berlind et al. 1997; Holwerda 2009; Holwerda et al.
2013; Keel et al. 2023; Robertson et al. 2024b). However, despite
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include 15 identified in Hubble Space Telescope images (HST;
Keel & White 2001a,b; Elmegreen, Elmegreen, & Eberwein 2001;
Holwerda 2009; Holwerda et al. 2013), and 2 079 identified in the
Sloan Digital Sky Survey (SDSS) spectroscopic catalogue, with 86
pairs identified by Holwerda (2007) and 1 993 identified by Keel
et al. (2013) through forum science using a Galaxy Zoo project
(Lintott et al. 2008). More recently, 280 were identified in the
Galaxy and Mass Assembly (GAMA) catalogue by Holwerda et al.
(2015).

Expanding this master catalogue will undoubtedly provide
numerous benefits. As the sample size of this catalogue increases:
(1) more ‘ideal pairs’-a foreground face-on spiral partially over-
lapping a smooth background galaxy-will be available for follow-
up studies, (2) the variance of the data will increase, providing a
better ability to capture the true variability of pairs, thus improv-
ing the statistical robustness of measurements in the catalogue,
and (3) it will pave the way for improving the accuracy of machine
learning predictions.

The catalogue produced by Keel et al. (2013) represented a sig-
nificant advance in this effort, significantly increasing the number
of known occulting pairs nearly 20 times. However, it relied solely
only on a single independent expert’s classifications, where vol-
unteers helped identify potential occulting candidates, rather than
providing direct classifications. Given the increasing success of
citizen science projects in large-scale astronomical classifications,
especially in identifying low-redshift galaxies, directly incorporat-
ing volunteer classifications into the workflow represents the next
promising strategy for improving and facilitating occulting pair
classification. Therefore, in this study, we introduce a method that
attempts to seamlessly integrate a citizen science approach into
the classification process of a Galaxy Zoo-like project, allowing for
a more organised and scalable approach to classifying occulting
pairs. Our foremost goal is to expand the sample size of our current
catalogue of occulting pairs and to evaluate the effectiveness of our
(relatively small-scale) citizen science approach in making these
classifications in preparation for future higher resolution surveys
such as Euclid (Euclid Collaboration et al. 2025a), SPHEREx (Crill
et al. 2020), and LSST (Ivezi¢ et al. 2019).

We organise this paper as follows. Section 2 describes the
project as a whole, including our selection and image genera-
tion process. Section 3 details our data reduction steps taken
before assembling the catalogue. Section 4 provides an overview
of the main catalogue and its results. Section 5 evaluates the
effectiveness of both the project and the resulting catalogue and
compares our catalogue to previous catalogues. Section 7 discusses
the limitations found after concluding the project and outlines
directions for future work. Finally, Section 8 concludes the paper
by summarizing our main findings.

2. Project description

Our citizen science project includes a sample of galaxies identi-
fied as ‘overlapping’ by human volunteers in Galaxy Zoo DECaLS$
(GZD) Data Releases 1, 2, and 5 (GZD-1, GZD-2, and GZD-5;
Walmsley et al. 2022) and images from Data Release 10 (DR10)
of the DESI Legacy Survey (Dey et al. 2019). DR10 was cho-
sen as the source of images presented to volunteers because it
offers improved depth and uniformity relative to the earlier GZD
data releases, providing better data for visual classification. In the
following, we describe our selection process and the image gener-
ation process for the DR10 images presented to the classifiers. We
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Figure 1. The distribution of galaxies classified as ‘overlapping’in GZD-1,-2,and -5. We
plot the GZD-1 and GZD-2 data as black dots, the GZD-5 data as red dots, and our selec-
tions of the combined data as blue dots. Our selection criteria include only galaxies
classified as overlapping with votes >13 and voting fractions >0.28.

also briefly detail the workflow and web-based interface presented
to each volunteer during their classification process.

2.1. Sample selection

We selected candidate occulting pairs by applying targeted data
cuts to galaxies voted by human volunteers as ‘overlapping’ in the
GZD datasets. The goal of our sample selection was to include
only valid overlapping pairs while minimizing false overlaps, such
as star-galaxy and interacting pairs. Since GZD provides only
votes and voting fractions, we restricted our selection to these
two variables. However, these restrictions presented a challenge,
as many star-galaxy overlaps garnered high votes and voting frac-
tions from volunteers in GZD-1, GZD-2, and GZD-5, with many
classifications of actual overlaps consisting of low votes and voting
fractions. Therefore, as a conservative measure, we required that
all pairs in our selection have ‘overlapping’ votes >13 and a voting
fraction >0.28 (see Figure 1). We note that it is well known that
this selection process can be flawed, and our sample may contain
many false classifications, such as star or merging or interacting
overlaps (Darg et al. 2010; Lintott et al. 2011). Applying these
restrictions and manually removing 54 images due to noticeable
visual artifacts resulted in 2 380 occulting pairs (1.56% of the orig-
inal GZD sample) that met this criterion, which we regard as our
‘original’ sample.

2.2. Generating images

For classification, we generated images of the candidate occult-
ing pairs from legacystamps (Sweijen 2022), a Python module that
provides JPEG cutouts of DR10 from the DESI Legacy Survey.
We downloaded each grz image at a fixed native resolution of
0.262 arcsec per pixel. The images were then selectively rescaled
to fit each occulting pair into the field of view (FOV) and sub-
sequently resized to 500 x 500 pixels using Lanczos interpolation
(Lanczos 1938) for use in Zooniverse. The names of the image files
included identifiers for the astronomical object (iauname) for use
in cross-referencing, along with the image scaling factor (ISF), as
our workflow involves pixel measurements (see T06-09; Figure 2).
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Figure 2. Flowchart of the workflow presented to our internal classifiers. We labelled

End

each question with its corresponding task number. Tasks are also colour-coded based on

their tier level. Each tier, coloured grey, green, blue, and purple, represents zero, one, two, three, or four branching points in the decision tree, respectively.

2.3. Classification workflow

Since occulting pairs are distinctly different from standard
non-occulting morphological classifications, it was essential to
develop a new workflow, similar to traditional Galaxy Zoo
projects, but tailored to classify occulting pairs and accommodate

Downloaded from https://www.cambridge.org/core. IP address: 216.73.217.130, on 25 May 2026 at 0
https://doi.org/10.1017/pasa.2026.10170

volunteer accessibility. To implement this workflow, we utilised
the Zooniverse Project Builder software, which enables any user
to easily create a simple citizen science project through a user-
friendly browser interface. This platform allows volunteers to
classify directly through their web-based interface, simplifying
and streamlining the classification process. We note that due to
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the small-scale nature of this project (~2 400 pairs), internally
selected student and public volunteers completed the classifica-
tions through the website.

We designed the questions in our customised workflow (see
Figure 2) to be answered by a classifier with little astrophysical
background while fitting the pair categories described by Keel
et al. (2013). Given the citizen scientist nature and subject of this
project, it was almost essential to draw inspiration from previ-
ous Galaxy Zoo projects and Keel et al. (2013)’s work to create
the most straightforward classification questions that yielded clas-
sifiers using the fewest possible questions. However, the actual
effectiveness of our workflow remains uncertain. We intend to
examine the accuracy of our approach in more detail in Section 5.

As an additional aid to classifiers, we also provided a brief mor-
phology tutorial to all users, which they were required to complete
at the beginning of the workflow. Further assistance was also avail-
able on a per-task basis to support classifiers in answering these
questions.

Our workflow for this project follows a hierarchical design sim-
ilar to that of previous Galaxy Zoo projects. Every classification
begins with the step of identifying whether the pair was a ‘spiral-
spiral,” a ‘spiral-elliptical,” a ‘elliptical-elliptical,” or a ‘other’ (arti-
fact, star, multiple, or irregular) galaxy overlap. We excluded ‘'mul-
tiple’ pairs due to their classification difficulty and ’irregular’ pairs
because of their lack of symmetry, which makes them difficult
to use in dust studies. Likewise, we excluded ‘elliptical-elliptical’
overlaps from additional tasks, as it is challenging for individuals
to decide on which elliptical is in the foreground or background
from images lacking proper redshift measurements. Subsequent
questions in the workflow depend on the previous answer(s) given
by each classifier, with each classifier selecting a single answer
before continuing to the next question. Classifiers also had the
option to return to previous questions if needed. We note that we
categorise the annotations created by tasks T06-09 as an answer.

After completing the workflow and classifying an image, we
presented the user with a new image to classify. Each new image
presented to classifiers was entirely random. Users continued to
receive images until each image reached a retirement count of 4
classifications for each occulting pair. Although we initially set a
higher limit, we decided to lower it due to the small-scale and beta
nature of our citizen science project. For a larger, public project,
we would opt for a higher number to ensure greater reliability of
classifications. Later, we will also explore how this low classifica-
tion count impacts the result. In total, the internal project ended
with ~9 500 classifications from 15 registered and 47 unregistered
participants for the 2 380 images selected to be classified. We note
that the unregistered participants only contributed about 4% of the
total classifications, while the registered participants classified the
remaining 96%.

3. Datareduction

3.1. Multiple classifications

In a small subset of cases, users submitted multiple classifications
for a single object, either due to a technical issue with the website
or deliberate reclassification. Regardless of the cause, to treat each
vote as an independent measurement, these repeat classifications
were excluded from the final dataset, leaving only the first classifi-
cation for each object from each user. These repeat classifications
occurred for fewer than 1% of pairs and did not have a significant
impact on morphological classifications.

T.A. Butrum et al.

3.2. Tied classifications

Given the low retirement count of 4 classifications per occulting
pair, the inherent difficulty of classifying these pairs, and poten-
tial issues with our workflow (see Section 7), approximately 23%
of our classifications resulted in a tie (up to 56% when excluding
‘Other’ classifications). To address this issue and ensure a valid
morphological classification in the catalogue, we implemented
a voting scheme based on majority rule and user consistency
throughout the project.

3.2.1. User consistency

We calculated the consistency of each user using methods estab-
lished in previous Galaxy Zoo projects (Willett et al. 2013, 2017).
First, we aggregated individual user votes to calculate a vote frac-
tion for each possible response (f;) to each task in the decision tree,
excluding annotation tasks. We then compared each user’s votes
with these vote fractions to compute their consistency score, k:

1 o
K=— K
N 2~
i=1
where N, is the total number of potential responses to a task and

e
“Tla-p),

Votes that agreed with the majority classification were assigned
a high consistency value, while those that disagreed received a
lower value. We assigned each user a mean consistency, &, by cal-
culating the mean of the consistency values for each task. Figure 3
shows the distribution of these values, together with the average
number of galaxy pairs classified by each user.

if vote corresponds to this response,
if vote does not correspond.
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Figure 3. The distribution of user consistency « based on the methods outlined in
Willett et al. (2013, 2017). Bottom: the cumulative distribution of consistency for all
users. Top: the average number of galaxy pairs, (n), classified by users as a function of
their consistency.
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3.2.2. Tie breaking

To resolve a tied classification for a task, we selected the classi-
fication provided by the user with the highest mean consistency
as the definitive classification label. We also ensured that this
user’s classifications aligned with the majority before selecting
their classification as the tiebreaker. This approach ensured that
each occulting pair received a single, majority-based label while
also leveraging user reliability to resolve uncertain pairs. Out of the
2 380 candidate pairs, 551 required tie correction to one or more
tasks. Pairs with task classifications resolved through this method
were included in the catalogue and are flagged in the morpholog-
ical catalogue (Section 4.3) as ‘t’ to indicate that these labels do
carry some additional uncertainty.

4. The catalogue

The Overlap Zoo Beta (hereafter OZb) catalogue includes three
distinct sub-samples: vote counts and fractions for each task in the
decision tree for each galaxy pair, pixel-based annotations for each
galaxy pair, and morphological classifications based on the pair
categories outlined in Keel et al. (2013), along with redshifts and
colour magnitudes. Researchers can access the data for the three
sub-samples from (insert link here). Included in this paper is a
subset of each catalogue (Tables 1-3).

4.1. Classification dataset

Table 1 contains the classifications for the 2 380 candidate occult-
ing galaxy pairs presented to volunteers via Zooniverse. We iden-
tify each galaxy pair by its unique J2000.00 name (iauname). The
total number of classifications and the total number of votes for
each response are denoted by N, and Ny, respectively, fol-
lowing the terminology outlined in Willett et al. (2013). For each
galaxy pair, we provide two additional parameters: the raw num-
ber of votes (*_count) and the fraction of votes for said response
(*_fraction). Morphological classifications for this OZb subset are
excluded from this table to maintain a consistent structure with
the Keel et al. (2013) catalogue and to remove pairs that are
not genuine occulting candidates from the final morphological
sample.

4.2. Annotation dataset

Table 2 lists the 1 428 pixel-based annotations (including dupli-
cates), derived from annotation tasks T06-T09 in Figure 2.
Each galaxy in this subset is, again, identified by its unique
J2000.0 name. The corresponding ISF value is also included, as
it is necessary for accurate use of the pixel measurements (see
Section 2.2). Point tool annotation values for the foreground and
background galaxy (Task T06-T07) are denoted by X (*_X) and Y’
(*_Y), with the associated right ascension (RA) and declination
(DEC) for each measurement also included. Ellipse tool anno-
tation values for the foreground and background galaxy (Task
T08-T09) are denoted by X (*_X), Y (*_Y), rX (*_rX), rY (*_rY),
and 6 (*_0). In both cases, X and Y represent the centre coor-
dinates of the tool, while rX, rY, and 6 represent the horizontal
radius, vertical radius, and orientation angle in radians of the
ellipse, respectively.

By including these annotations in the OZb catalogue, we
hope to expand the application of various analysis techniques

across a larger sample of candidate occulting pairs. The annota-
tions in tasks T06-T09 are not only necessary for querying (see
Section 4.3.3) but also for applying various analysis techniques in
and based on White & Keel’s (1992) work. This includes differ-
ential photometry techniques such as rotational subtraction and
isophotal fitting and subtraction. Both approaches enable accurate
estimation of key nuisance parameters, including dust extinc-
tion and attenuation. The latter differential approach was recently
applied with great success to the occulting pair VV191a/b (Keel
et al. 2023; Robertson et al. 2024a). Our goal is to extend these
techniques to more pairs in order to increase the statistical vari-
ance and robustness of the results of the current pairs, such as the
remarked pair VV191a/b.

4.3. Morphological dataset

Table 3 contains the morphological classifications for 765 occult-
ing galaxy pairs, out of the initial 2 380, that could be categorised
based on the pair categories outlined in Keel et al. (2013). The
remaining 1 615 pairs that could not be categorised were those
classified as ‘Other’ in Task T00 (Figure 2), and are excluded in
this subset of the catalogue. We identify each occulting pair by its
unique J2000.0 coordinates, SDSS ID, and DESI ID. Using our new
querying methodology (see Section 4.3.3), we obtain magnitude
and spectroscopic redshift measurements from SDSS (Almeida
et al. 2023) and DESI (Abdul-Karim et al. 2025), denoting the
central galaxy’s values as rI and zI, and the off-centre galaxy
values as r2 and z2. While DESI does not directly provide mag-
nitude measurements, we calculated the r-band magnitudes from
the provided fluxes in nanomaggies using the standard zero-point
conversion. However, we warrant caution when interpreting these
magnitudes, as blending from overlapping galaxies may impact
their accuracy (Keel et al. 2013). The subset included in this
paper comprises all systems shown in Figure 4, along with a few
additional interesting pairs, listed in order of increasing RA.

4.3.1. Pair categories

Below, we briefly summarise each mnemonic designation from the
categories defined in Keel et al. (2013), along with one additional
category of our own. For each designation, we outline the specific
tasks and corresponding responses used for classification. We also
provide a summary of the number of pairs in each designation in
Table 4.

1. F: a nearly face-on spiral in front of a smooth elliptical or
S0 background system [Task TO (A1), Task T01 (A0), and
Task T02 (A3)].

2. Q: a background galaxy nearly edge-on and projected
nearly radially to the foreground galaxy [Task TO (AO,
Al), Task TO1 (AO, Al), Task T02 (A1), Task T08, and
Task T09].

3. @:an essentially edge-on spiral backlit by a smooth ellipti-
cal or SO background system [Task TO (A1), Task T01 (AO0),
Task T02 (A0), and Task T03 (A0)].

4. X: both galaxies are nearly edge-on with their disks essen-
tially crossing [Task T0 (A0), Task T01 (A0), and Task T02
(A2)].

5. SE: spiral/elliptical superpositions that do not fall in one

of the other categories [Task T0 (A1), Task T01 (A1), and
Task T02 (A0, A2, A3)].
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Table 1. Overlap Zoo Beta: User classifications.

t00_overlap_type t00_overlap_type_
_a0_spiral_spiral_ al_spiral_elliptical_
Coordinate name Nelass Nyotes Count Fraction Count Fraction
J000346.454-001153.2 4 18 0 0 2 0.5
J000415.41-015101.1 4 28 3 0.75 1 0.25
J000716.81-005559.1 4 17 0 0 1 0.25
J000750.43-004411.5 5 26 3 0.6 0 0
J000832.894-010220.1 4 19 1 0.25 0 0
J000836.26-003545.9 4 9 0 0 0 0
J001002.99-022404.4 4 26 0 0 2 0.5
J001039.114-002828.3 4 33 2 0.5 1 0.25
J001238.044-004949.4 4 9 0 0 0 0
J001703.68-025021.8 4 31 3 0.75 1 0.25
J001755.504-002003.9 5 31 5 1 0 0
J002024.554-004917.5 4 19 0 0 3 0.75
J002026.63-010339.3 4 18 0 0 2 0.5
J002134.87-005952.7 4 9 0 0 0 0
J002230.08-010438.9 4 9 0 0 0 0
J002319.004-003800.1 4 24 2 0.5 1 0.25
J002336.104-000547.3 4 9 0 0 0 0
J002338.28-004726.5 4 11 0 0 1 0.25
J002355.06-010540.1 4 9 0 0 0 0
Table 2. Overlap Zoo Beta: User annotations.
t06_foreground_
point_center_ . t08_foreground_ellipse_
Coordinate name isf X Y 6 (rad) X ry X Y
J000346.45+001153.2 2.81 201.53 272.92 e —1.52 21.71 19.69 201.31 271.56
J000415.41-015101.1 2.81 170.80 136.13 ce 0.29 111.79 114.25 170.36 134.63
J000415.41-015101.1 2.81 170.30 140.41 e —2.42 92.40 76.51 169.64 133.74
J000415.41-015101.1 2.81 248.93 251.48 e 1.27 165.51 82.75 249.54 250.91
J000716.81-005559.1 2.81 211.20 252.55 ce —1.57 11.57 10.23 211.06 251.89
J000750.43-004411.5 2.81 250.11 252.12 ce —2.39 116.03 58.02 247.71 254.53
J000750.43-004411.5 2.81 246.05 254.65 e 0.76 101.09 42.03 230.31 289.66
J000832.89+4-010220.1 2.81 304.51 244.92 ce —0.71 122.00 61.00 295.71 240.13
J001002.99-022404.4 2.81 314.27 165.30 cee 1.31 52.99 26.50 314.44 164.56
J001002.99-022404.4 2.81 248.69 253.57 e —0.07 217.27 71.55 249.44 252.10
J001039.114+002828.3 2.81 249.05 246.94 oo —4.55 130.70 27.21 249.00 249.88
J001039.114+002828.3 2.81 249.50 246.58 ce —1.43 125.33 29.95 248.98 246.43
J001039.114+002828.3 2.81 249.71 247.90 e —4.55 138.54 35.64 248.91 252.70
J001703.68-025021.8 2.22 285.44 290.09 S —1.85 59.87 15.22 284.34 289.31
J001703.68-025021.8 2.22 248.51 253.72 cee —1.24 97.15 48.57 240.51 244.12
J001703.68-025021.8 2.22 283.31 287.00 ce —1.88 66.07 23.09 289.31 290.00
J001755.504+-002003.9 2.22 411.90 403.60 oo 0.02 55.87 58.00 412.07 402.97
J001755.504+-002003.9 2.22 412.97 406.41 oo —0.23 54.67 43.82 410.30 399.74
J001755.504+-002003.9 2.22 270.30 219.75 e —1.21 214.72 135.97 267.50 216.95
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Table 3. Overlap Zoo Beta: Morphological classifications.

Coordinate name SDSS ObjID DESI ObjID rn ry 71 7 Type Az Cross-ID
J001755.50+002003.9 1237657191444050000 - 14.89 16.96 0.0180 0.0176 S(1) MCG+00-01-059
J003135.89+001001.6 1237663784200830000 - 16.65 17.48 0.0728 0.0739 Q(In -
J004532.78+005657.5 1237663716556210000 39627809076810300 17.00 18.01 0.1104 0.1098 Phi(ll) -
J005555.93+003940.2 1237663204920260000 39627803078960800 15.67 16.73 0.0671 0.0665 Phi(I) -
J010436.00+000852.5 1237663784204430000 39627791037109200 17.04 17.59 0.0711 0.1720 X(l) Az -
J011535.02-005052.3 1237666338116200000 - 14.58 12.84 0.0382 0.0058 S(I) Az NGC 450, UGC 807
J013904.93+001748.1 1237657071157960000 2842530165030910 16.15 - 0.1237 - E -
J014434.10+004418.7 1237657071695420000 1237657071695420000 15.08 16.73 0.0590 0.1007 Q) Az -
J014448.57-000620.9 1237666407917020000 39627785165085100 16.33 18.37 0.0559 0.1728 Q(l) Az -
J021704.77+011439.0 1237680099168150000 39627815502480100 12.68 16.48 0.0214 0.1223 B(IV) Az NGC 875
J072535.99+250028.0 - - - - - - F(1) -
J090049.81+043459.8 1237658298986980000 2842634645143550 14.87 - 0.0946 - B(IV) LEDA 1270284
J091032.80+040832.4 1237654606389700000 39627889674555300 18.08 15.82 0.0731 0.0733 F(I1) -
J094344.49+021442.7 1237653665257090000 39627841532334200 16.93 18.20 0.0929 0.0924 Phi(Il) -
J100932.56-001414.5 1237651800698250000 - 15.35 - 0.0697 - B(IV) -
J102706.87+060333.2 1237658423015570000 - 16.69 - 0.0589 - X(1) LEDA 1293849
J102756.99+055150.2 1237658298459610000 39627926131443500 16.97 15.87 0.1215 0.0561 F(l) Az -
J103545.36+200245.9 1237667782287220000 - 14.62 - 0.0551 - SE(IN1) MCG+03-27-064
J104115.68+062141.0 1237658423017070000 - 14.57 13.94 0.0208 0.0192 SE(I) UGC 5818
J111016.87+020028.5 1237651753468030000 39627835857438300 15.70 17.87 0.0754 0.1413 X(I) Az LEDA 156322
J112243.80-074033.9 - - - - - - B(IV) MCG-01-29-015
J112247.18-004122.4 1237674649387720000 39627769469997800 16.85 - 0.1450 - Phi(ll) 2dFGRS TGN3737199
J112948.29-044603.0 - 39627672929702500 - 15.98 - 0.0822 S(1) -
J114503.87+195825.2 1237668293912820000 39628261617046700 12.89 15.10 0.0168 0.0198 B(Il) NGC 3861
J114608.29-010709.7 1237674648853410000 - 16.772 - 0.1188 - E -
J120416.49+240847.9 1237667910591640000 - 13.85 16.31 0.0510 0.0529 SE(CT) UGC 7055a
J122614.44+001601.9 1237648721770440000 39627793897620400 15.23 18.73 0.0226 0.1051 S(I) Az Z14-38
J125345.43+200536.2 1237667915960680000 39628261889673700 15.53 - 0.0224 - X(1m) LEDA 1616133
J130534.99+210803.0 1237667733976640000 - 14.72 17.50 0.0619 0.0636 E 1C 4170
J131816.20+001939.7 1237651204231850000 39627794115724800 15.90 17.68 0.0817 0.0819 SE(IN) 2dFGRS TGN330Z132
J133455.79+134428.9 1237664289936370000 - 12.73 14.63 0.0231 0.0227 SE(I11) NGC 5222
J140559.81+141411.6 1237662637973630000 - 14.46 16.21 0.0396 0.0394 E LEDA 50288
J140737.44-023536.9 1237655494372620000 39627727883472000 16.78 16.47 0.1385 0.1383 F(1) -
J141652.80+104823.9 1237661949730220000 39628046705101600 11.71 14.14 0.0247 0.0229 E NGC 5532
J143651.72+060824.1 1237662267533420000 - 16.07 - 0.0588 - S(h) LEDA 1295240
J144311.824185247.8 1237667735597280000 - 13.42 - 0.0317 - S(I) NGC 5737
J145116.70+184128.9 1237667783387180000 - - 13.95 - 0.0435 F(I1) 1C 1062
J154543.89+112422.1 1237668332571850000 - 16.88 - 0.0500 - Q(l) -
J154954.44+085140.6 1237662533823430000 39627999431100400 15.25 16.31 0.0737 0.0736 F(11) -
J203759.02-004122.4 1237656567573900000 39627771797841300 17.81 19.17 0.1018 0.1011 Q(I) -
J212622.50+020440.0 - 39627838441130800 14.39 - 0.04855 - B(I) UGC 11742
J213231.86+042355.6 1237669761180950000 39627898805557000 16.91 16.86 0.0790 0.0818 Phi(l) -
J215556.94-065338.0 1237680241436910000 - 15.05 - 0.0658 - S(I) -
J223124.73+004646.7 1237663544223130000 39627808514772300 16.90 18.59 0.1322 0.1311 SE(IV) LEDA 1175253
J223614.90+012444.9 - 39627826655135800 - 16.32 - 0.0625 S(1) LEDA 193199
J232245.93-000641.1 1237657190901150000 39627790609291700 17.59 19.97 0.1219 0.1218 X(1m) -
J233404.08+013507.0 1237678595940150000 - 16.42 - 0.1331 - S(in) VV 187a
J235734.51+020455.2 1237678618491280000 - 16.02 - 0.0760 - SE(CT) LEDA 1215402
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Figure 4a. Sample pairs based on the pair types described in Keel et al. (2013). PNG images were obtained from the Legacy Survey Viewer using the legacystamps Python module
(Sweijen 2022) and independently verified for use in this figure. We identify pairs by their common name (e.g. NGC 450) or truncated coordinates (e.g. 1226+-00).
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0139+00

Figure 4b. The remaining sample pairs following Keel et al. (2013) mnemonics.

6. S: spiral/spiral overlaps. Useful for probing extinction and
attenuation in the UV [Task TO (A0), Task TO1 (A0), and
Task T02 (A0, A3)].

7. B: the background galaxy has a much smaller angular size
than the foreground galaxy [Task TO (A0, Al), Task T04
(A0), and Task T05 (A0)].

8. E: elliptical or SO pairs [Task TO (A3)].

9. Az: pairs with a known redshift distance large enough to
rule out interaction. Pairs with Az > 0.008 fall under this
category.

10. CT: pairs that volunteers could not confidently identify the
foreground/background distinction [Task TO (A0, A1) and
Task T01 (A2)].

4.3.2. Overlap types

In addition to these categories, we introduce further designations
to describe the degree of overlap between the two galaxies in each
pair, based on Task T10. These are defined as follows:

1. I slightly overlapping galaxies. [Task T10 (A0)].
2. II: intermediately overlapping galaxies [Task T10 (A1)].

Table 4. A summary of OZb classifications based on the pair types from Keel
etal. (2013).

Pair type Description Number
F Face-on spiral and background E/SO 42
Q Background galaxy edge-on and radial 35
o} Foreground disk edge-on and background E/S0O 48
X Crossing edge-on disks 39
SE Spiral/Elliptical pairs not otherwise listed 125
S Two spirals 110
B Background galaxy has a small angular size 24
E Two E/SO galaxies 342
Az Redshifts indicate not physically associated 131
CcT F/B distinction is ambiguous 89

NGC 5532

1405+14

3. III: deeply overlapping galaxies [Task T10 (A2)].
4. IV: completely overlapping galaxies [Task T10 (A3)].

Note that we assume all E-type pairs are complete overlaps,
as we rarely observe significant separation between two elliptical
galaxies. Again, we provide a summary of the counts for each
overlap type in Table 5.

Table 5. A summary of the OZb classifications based on the
degree of overlap between galaxy pairs.

Overlap type Description Number
| Slight overlap 129
1l Intermediate overlap 110
] Deep overlap 62
\% Complete overlap 375

4.3.3. Querying

To obtain the measurements for the catalogue, we developed a new
querying method tailored to occulting galaxy pairs. Unlike sin-
gle, isolated galaxies in the Galaxy Zoo project, overlapping pairs
require two distinct coordinate inputs and thus require manual
annotation of the off-centre companion.

Since tasks T06-T07 (Figure 2) address only foreground and
background classification, we first had to determine which galaxy
occupied the central and off-centre position using these annota-
tions. To do this, we converted the annotated pixel coordinates
into RA and DEC to estimate the centres of both galaxies, then
compared these to the provided J2000.0 coordinates. We desig-
nated the galaxy with coordinates closest to the J2000.0 reference
as the central galaxy, and the other as the off-centre companion.
Using these coordinates, we then queried and assigned measure-
ments such as object IDs, spectroscopic redshifts, and r-band
magnitudes from both SDSS (Almeida et al. 2023) and DESI
(Abdul-Karim et al. 2025) for the central (z1 and r1) and off-centre
companion (z2 and r2), prioritizing the DESI measurement when
valid. To ensure that these queries returned only the measurement
corresponding to the intended galaxy centre, we applied a strict
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separation tolerance of 0.00105 degrees (~ 3.6 arcsec) from the
input coordinates. This value is much larger than the astrometric
precision of DR10 (~0.2 arcsec; Dey et al. 2019), so even in cases of
minor coordinate uncertainties, the correct galaxy measurement
should be reliably selected. For cross-identifications, we employed
a similar query approach using SIMBAD (Wenger et al. 2000),
albeit with less restrictive criteria relying solely on the central
galaxy’s position.

Manual inspection of the queried subsample showed that our
querying methodology was 98-99% effective, with only a few
problematic pairs. Most of the issues stemmed from proximity
that fell under our strict tolerance, overcrowded fields, or occa-
sional query failures. In such cases, we manually cross-referenced
the DESI Legacy Survey with SDSS and DESI data to assign the
correct IDs and redshifts. Although this level of accuracy was suf-
ficient for the current project, we hope to improve it further in
future iterations if possible.

Of the 765 galaxies queried, 22 centre and 403 off-centre pairs
were also missing spectroscopic measurements necessary for accu-
rate foreground, background distinction. We initially considered
substituting missing values with photometric redshifts. However,
these estimates are often unreliable. As shown in Keel et al
(2013), photometric redshifts can have errors exceeding 50 trace-
able to deblending problems. We chose to forgo them for these
reasons.

5. Classification accuracy

To assess the accuracy of the classifications in the OZb catalogue,
we currently employ three methods: (1) performing internal diag-
nostic tests comparing redshift difference (Az =z —z|) and
magnitudes (rr and ) against the fraction of classifications where
the visual classifier correctly (zr < z;) or incorrectly (zr > 2;) iden-
tified the foreground galaxy based on annotation positioning,
(2) comparing non-expert morphological classifications to those
performed by an expert (Keel et al. 2013), and (3) comparing mor-
phological classifications with GZD for S-, X-, and E-type pairs.
These approaches allow us to assess how accurately people can
distinguish foreground from background galaxies, which can be
difficult to visually distinguish depending on image quality and
redshift separation, as well as how reliably non-experts and experts
classify occulting pairs according to the morphological categories
described in Section 4.3.

5.1. Overlap Zoo Beta
5.1.1. Redshift separation

Figure 5 shows the fraction of occulting galaxy pairs for which the
visual classifier correctly and incorrectly annotated the foreground
galaxy, plotted against the redshift difference Az. We restrict the
sample to pairs with valid pixel-based annotations, as our querying
methodology required them (see Section 4.3.3), and to pairs with
two valid spectroscopic redshifts needed to calculate the redshift
difference.

Since GZD includes a majority of galaxies under z=0.2, the
bulk of our redshift data will and does lie in the low Az range (0.0-
0.013), decreasing in sample size as the Az increases (451 pairs in
the 0.0-0.04 bin, 70 in 0.04-0.09, and 55 in 0.09-0.13). Within this
range, we find that the ability to identify the foreground galaxy cor-
rectly improves as the redshift difference between pairs increases.

T.A. Butrum et al.
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Figure 5. The fraction of galaxy pairs with foreground identification correctly and
incorrectly classified by users as a function of Az. We include only pairs with valid
pixel-based redshift measurements in the sample.

However, at the lowest redshift separation, classifiers identify the
foreground galaxy correctly nearly as often as they do incorrectly.
Although higher-quality images could potentially make this dis-
tinction easier, visual classifications with minimal separation are
likely unreliable at the current image resolution and depth. Beyond
this range, our sample size decreases drastically, and we no longer
observe this pattern. Large separations would likely make the dis-
tinction easier, though a bigger sample size at higher separations is
necessary to confirm this.

5.1.2. Magnitudes

Figure 6 shows the fraction of occulting galaxy pairs for which the
visual classifier correctly and incorrectly annotated the foreground
galaxy, based on whether the foreground galaxy was brighter (ry <
ry) or dimmer (r7 > r;,) in r-band magnitude. Again, we restricted
the sample to pairs with valid pixel-based annotations that had two
valid spectroscopic measurements.

Unsurprisingly, pairs with brighter foreground galaxies have
their positioning identified correctly more often than those with a
dimmer foreground galaxy (31% vs. 69%). Surprisingly, however,

1.0
[ FG Identification Incorrect (z_f = z_b)
[FZA FG |dentification Correct (z_f =< z_b)
0.8
T
0.6 T /
c 1
2
o
I
= T
0.4
T
1
0.2
0.0
Dimmer FG Brighter FG

Figure 6. The fraction of galaxy pairs with foreground identification correctly and
incorrectly classified, based on whether the foreground galaxy appeared dimmer
(re > rp) or brighter (r; <r,) in r-band magnitude. We include only pairs with valid
pixel-based redshift measurements in the sample.
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pairs with a dimmer foreground galaxy show nearly compara-
ble rates of correct and incorrect identification but are more
often incorrectly identified (58% vs. 42%). One possible explana-
tion is that when the foreground galaxy is fainter, its features may
blend with those of the background galaxy, making the distinction
between the foreground and background galaxies more difficult.
In contrast, a brighter foreground galaxy, especially in Spiral-
Elliptical systems, likely shows more distinct features and suffers
less from blending, aiding the user in distinguishing foreground
from background. However, these predicted magnitudes may be
affected by the aforementioned blending effects (see the begin-
ning of Section 4.3) and could introduce some uncertainty into
our comparisons.

5.2. 0Zb vs. expert visual classification

To verify the effectiveness of the citizen science approach in
classifying occulting pairs, we compared our user-classified pairs
with those assigned by an expert (Keel et al. 2013). Of the 765
galaxy pairs in our catalogue, 189 overlap with the expert sam-
ple. Among these, 49 morphological classifications (26%) matched
between our catalogue and the expert’s. While this relatively low
level of agreement may initially suggest an issue, several plausible
explanations exist for the mismatch and other discrepancies.

A key factor likely influencing the discrepancy is the difference
in imaging depth between SDSS DR7 (Abazajian et al. 2009) and
the DESI Legacy Survey DR10 (Dey et al. 2019). As a more recent
survey equipped with improved instrumentation, DESI delivers
images with greater depth (1.5-2 mag deeper) than SDSS. Figure 7
presents a direct comparison of the same galaxy pair, as imaged by
both surveys and classified by both the expert and this work. The
difference in image quality between the two surveys is substantial
enough that structural features of the background galaxy, clearly
resolved in DESI, are almost indistinguishable in SDSS. This has
direct implications for morphological classification; in cases where
the background galaxy’s structure may be subtle or faint, classifiers
using SDSS DR?7, regardless of expertise, would likely be unable
to identify key cues necessary to assign a distinct classification.
Indeed, the classifications of both works reflect this: the pair in this
work was classified as ‘Other’, as there are visible signs of merging
in the DESI image, whereas the expert classified it as an F-type (see
Section 4.3.1), as there are no distinguishable merging signs due to
the lack of visible structure in the SDSS image.

Although not available for every pair, the expert cata-
logue also had access to spectroscopic and/or photometric red-
shift information to aid in distinguishing the foreground and
background galaxies. In contrast, our classification process did not
present redshifts directly to users, which could also explain the
low agreement in pair types where positional orientation matters.
Manually providing these measurements becomes impractical as
our datasets scale; hence, we did not offer them directly (also
see Section 4.3.3). One of our primary goals was to assess non-
experts’ ability to distinguish foreground and background galaxies.
Including redshifts would undermine this goal.

5.3. 0Zbvs. GZD-1, -2, and -5

While less robust than a direct comparison with an occulting pair
catalogue, we also evaluate the accuracy of our classifications using
single-galaxy morphological classifications from GZD-1, -2, and
-5. However, the current iteration of our catalogue does not yet
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allow for a comprehensive comparative analysis across all mor-
phological categories (see Section 7.1). Despite these limitations,
comparisons with S-, X-, and E-type occulting pair morphologies
remain feasible, as positional morphological knowledge of the cen-
tral galaxy is not required for these types. For these comparisons,
we use raw and debiased vote fractions from tasks T0O (A0 and A1)
and TO01 (AO) of the GZD decision tree (see Figure 4; Walmsley
et al. 2022), adopting an agreement threshold of 0.5; pairs with
vote fractions exceeding this threshold are considered to have an
agreeable classification.

Table 6 presents the agreement metrics based on the raw vote
fractions for morphological answers in GZD, which correspond
directly to the aforementioned morphological types of occulting
pairs in our catalogue. Any agreement or disagreement in this
comparison reflects a more direct view of how human observers
perceive galaxy morphology from the images they are shown.
Based on these comparisons, we find that, despite our relatively
low classification count of 4 votes per pair, the classifications pro-
vided in our catalogue are relatively in agreement with the higher
number of visual classifications in the GZD datasets. However,
agreement could be improved, especially for X-types, as they show
the lowest agreement between our datasets. The limited number of
votes could be contributing to this lower agreement, as could the
image quality (see Section 7.3), or it may be due to redshift bias, as
galaxies at higher redshifts are much harder to distinguish by the
key features needed to identify these types.

To test whether this redshift bias is present, we present the
agreement metrics based on the de-biased vote fractions in Table 7,
following the same structure as Table 6. In GZD, redshift de-
biasing mitigates classification bias by estimating how each galaxy
would appear if observed at a fixed low redshift. This reference
redshift is set to z=0.02 (Walmsley et al. 2022), with the full
de-biasing method described in detail by Hart et al. (2016).

Comparing the two, we find that the agreement percentage for
E-types is strongly affected, showing an approximately eightfold
difference in GZD-1 and -2, and a twofold difference in GZD-
5. This is consistent with the findings of Walmsley et al. (2022),
who reported that the de-biasing procedure tends to over-correct
the ‘Smooth or Featured’ vote fractions, effectively reversing the
original observed redshift trend (see their Figure 10). For X-type
pairs, agreement follows the same reversing pattern and improves
slightly for the ‘featured or disk’ category, while the ‘edge-on’
agreement exhibits a different trend. Walmsley et al. (2022) did
not observe a comparable change in ‘edge-on’ vote fractions with
redshift de-biasing, and it is likely that a marginal fraction of our
edge-on pairs may be misclassified in our sample. On the other
hand, we do not observe a comparable effect for S-type pairs as
seen in E-types and X-types. We observe only a minor change in
agreement compared with GZD-5, suggesting that most S-types in
our sample are likely readily identifiable, large, luminous systems
with well-defined disks or features, that are not greatly affected by
redshift bias.

It is important to note, however, that the redshift de-biasing
procedure itself carries significant uncertainties. The corrections
applied rely on assumptions and models about how a galaxy would
appear at a fixed low redshift. As a result, the agreement metrics
from the de-biased sample may be highly uncertain, and these
comparisons with the de-biased data should be interpreted cau-
tiously. Some of the trends we observe, particularly in E- and X-
type pairs, may be amplified by these uncertainties and by our low
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DESI DR10

Figure 7. A comparison of image quality between SDSS and DESI using the galaxy pair J095303.714+064237.6. Left: The SDSS DR7 image used for classification in Keel et al. (2013).
Right: The DESI Legacy Survey DR10 image used for classification in this work. Both images match in size and pixel scale for direct comparison.

Table 6. This table compares the agreement between the raw vote fractions
for morphological types in GZD and the corresponding OZb types. A pair is
considered agreeable if it has a likelihood of at least 0.5 (i.e. a majority) for
the corresponding morphological type. Here, N denotes the total number of
overlapping pairs with GZD, while % indicates the fraction of those pairs that
are in agreement.

Table 7. This table compares the agreement between the redshift debiased
vote fractions for morphological types in GZD and the corresponding OZb
types. A pair is considered agreeable if it has a likelihood of at least 0.5 (i.e.
a majority) for the corresponding morphological type. Here, N denotes the
total number of overlapping pairs with GZD, while % indicates the fraction of
those pairs that are in agreement.

S X E S X E

N % N % N % N % N % N %
GZD-1/2 GZD-1/2
smooth - - - - 113 72.5 smooth-debiased - - - - 113 8.84
featured-or-disk 44 81.2 17 58.8 - - featured-or-disk-debiased 44 81.2 17 88.2 - -
edge-on - - 17 82.3 - - edge-on-debiased - - 17 52.9 - -
GZD-5 GZD-5
smooth - - - - 290 83.4 smooth-debiased - - - - 290 389
featured-or-disk 88 85.2 28 71.4 - - featured-or-disk-debiased 88 72.7 28 78.5 - -
edge-on - - 28 67.8 - - edge-on-debiased - - 28 53.5 - -

sample size, meaning that the true underlying agreement may dif-
fer significantly from that suggested by the de-biased vote fraction
comparison. The true agreement is likely between our results here.

6. Implications of the expanded catalogue

Expanding and growing the catalogue of occulting pairs is sim-
ilar in nature to expanding single galaxy catalogues, albeit with
one major difference: our targets are on several orders of magni-
tude rarer than those of single galaxies. Consequently, any growth
in this catalogue, however incremental, represents a significant
gain in statistical power. Increasing the number of identified
pairs directly improves the robustness of our analyses across all
pair types, including systems with favourable geometries for dust
attenuation and similar studies.

We summarise the increase in sample size of our catalogue rel-
ative to previous occulting-pair catalogues in Table 8. The growth
of the each pair category, while all benefiting from an increase in
sample size, also has distinct implications for different pair types
(see Section 4.3.1 for definitions). For F-type pairs, the expanded
catalogue increases the likelihood of identifying pairs with the
ideal geometry (e.g. VV191a/b) necessary for a detailed analy-
sis of dust attenuation and related measurements along the outer
regions of the spiral disk (see Keel et al. 2013, 2023; Robertson
et al. 2024a, 2025). Some of the pairs identified in the first row of
Figure 4 are potentially ideal pairs we could use for such analy-
sis. Similarly, ¢, Q, and X-type pairs also require somewhat ideal
geometry for detailed analysis of vertical dust structures in the
foreground or background edge-on disk galaxy, and thus ben-
efit from the same statistical gain. S-type pairs are particularly
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Table 8. A comparison of pair counts classified in 0Zb with those
in Keel et al. (2013).

Pair type Keel et al. (2013) This Work
F 369 42

Q 237 35

P 156 48

X 200 39

SE 102 125

S 584 110

B 181 24

E 59 342

useful for measuring and comparing optical and UV extinction
(Keel & White 2001b), and their scientific utility likewise increases
with sample size. B-type pairs require considerable care when
using these small background sources to map extinction, mak-
ing larger samples particularly valuable for mitigating individual
system uncertainties. Finally, E-type pairs, unlike ideal-geometry
pairs, require larger samples to identify low-opacity diffuse dust
components. Our catalogue represents a substantial increase over
Keel et al. (2013) in this front (see Table 8), so our statistical power
is greatly increased for these pairs.

By increasing our sample size, we are also no longer limited
to studies of individual systems, such as what was done with
VV191a/b (Keel et al. 2023; Robertson et al. 2024a, 2025), but
can instead conduct large-scale, population-level analyses of these
occulting pairs. This enables a systematic investigation of the opti-
cal properties (the transmission) of the ISM across diverse galaxy
types and environments. This project and its future iterations will
serve as the foundation for these analyses. Work toward extend-
ing such studies across a wide range of occulting pairs is already
underway, following the isophotal and rotational methodologies
outlined in Holwerda et al. (2009).

7. Project limitations

Some of the discrepancies identified in Section 5 can be attributed
to inherent limitations in the project itself. Following the con-
clusion of the Overlap Zoo beta period, we identified several key
issues in our workflow, selection criteria, and image generation
process that likely contributed to these discrepancies. Work is
already underway to address these issues and will likely result in
significant improvements in upcoming iterations.

7.1. Workflow structure

Some aspects of our workflow (Figure 2) are not ideal. For exam-
ple, responses to Task T00 could better align with the structure
used in previous Galaxy Zoo projects. Our current responses
for this task frequently lead to misclassification of edge-on spi-
ral galaxies as ellipticals, which may partly explain discrepancies
in classifications. Task TO1 may mistakenly label Spiral-Spiral
systems as having an elliptical galaxy in the foreground. More
importantly, it restricts tasks T06-T09 to only those pairs where
users can distinguish between the foreground and background
galaxies, which limits our ability to collect annotations for all valid
pairs and complicates the querying process. Additionally, Task
T01 does not provide information on whether the foreground or
background galaxy occupies the central or off-central position.
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This absence currently makes direct comparison of morphologi-
cal classifications with GZD-1, -2, and -5 difficult for most pairs,
but possible for some (see Section 5.3). Task T02 also introduces
confusion, as users sometimes misidentify Spiral-Elliptical pairs as
systems with both galaxies edge-on. Lastly, Task T05 appears too
subjective, as the meaning of ‘significantly smaller’ is not clearly
defined, warranting caution when using these classifications. This
ambiguity is also present in the expert catalogue. We have begun
addressing these issues in the next iteration of the project by
restructuring the decision tree and removing subjective questions,
with the goal of improving consistency and clarity throughout the
workflow.

The number of votes per galaxy pair in our workflow is also
a significant limitation to consider. Each occulting pair candidate
in our catalogue was retired after receiving just four user classifi-
cations (see Section 7.1). This number is considerably lower than
in other citizen science projects such as Galaxy Zoo (Lintott et al.
2011; Willett et al. 2013; Walmsley et al. 2022), where each galaxy
typically receives upwards of 40 classifications. Due to the rela-
tively low number of votes, we often had to correct for ties in the
classifications (see Section 3.2.2), which may introduce additional
uncertainty into the final labels. We anticipate that increasing the
number of classifications per image would not only improve the
accuracy illustrated in Figure 5 but also reduce some discrepancies
between our work and the expert catalogue. Future public itera-
tions of the project will raise the retirement threshold, allowing
more classifications per image and enhancing overall classification

reliability.

7.2. Selection criteria

Our image selection criteria could also be improved to better filter
out false overlaps (see Section 2.1). For instance, imposing stricter
thresholds on the number of votes and vote fractions for galax-
ies flagged as merging could reduce misclassification of interacting
or merging pairs. Unfortunately, we cannot rely on redshift infor-
mation, as both galaxies in a pair do not always have measured
redshifts. We would also like to impose thresholds to identify
false overlaps involving stars; however, this is more challenging.
At the current resolution of DESI, stars often appear as tiny, unre-
solved blobs, making them difficult to differentiate from smooth
galaxies, meaning we can’t use the ‘star or artifact’ response in
Galaxy Zoo projects to exclude these. Properly separating the two
will likely require higher-resolution data from future surveys and
visual classifications from additional Galaxy Zoo projects using
this data.

7.3. Image generation process

For the Overlap Zoo Beta project, images were generated as JPEG
cutouts from the DESI Legacy Survey. While sufficient for visual
inspection, JPEG compression inherently reduces information
compared to lossless PNG images. This compression may have
introduced minor biases in volunteer classifications, particularly
for more distant pairs where subtle morphological features can be
blurred due to compression. As a result, the improvements offered
by DR10 over earlier releases may have had a limited impact in the
current iteration. In the next iteration, we plan to produce images
following the methodology of previous Galaxy Zoo projects (e.g.
Walmsley et al. 2022) to avoid this issue entirely.
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8. Conclusion

We have presented Overlap Zoo Beta, a beta citizen science project
that tests the ability of non-experts to classify occulting galaxy
pairs at the imaging depth and quality of DR10 of the DESI Legacy
Survey. The project also presents a catalogue comprising three
subset catalogues: (1) an initial 2 380 candidate pairs presented
and classified by volunteers, (2) 1 428 total annotations derived
from these candidates (including duplicates), and (3) a sample of
765 occulting galaxy pairs with classifications that could be cate-
gorised following Keel et al. (2013), as well as associated redshift
and magnitude data. Out of the 765 identified pairs, ~17% have
known redshift differences significant enough to eliminate the
possibility of interaction (Az > 0.008; Keel et al. 2013). However,
we warrant caution when using these morphological classifica-
tions, as each image received only four votes per galaxy pair from
non-expert classifiers.

Future work will focus on refining our classification workflow
and reclassifying these pairs using a larger number of classifica-
tions per galaxy pair, thereby improving classification reliability.
We also plan to include the Keel et al. (2013) catalogue in the next
iteration to take advantage of the improved imaging depth that the
DESI DR10 provides over SDSS DR7. Looking further ahead, we
aim to apply our classification workflow to data from upcoming
large-scale surveys such as Euclid (Euclid Collaboration et al.
2025b), LSST (Ivezi¢ et al. 2019), and the forthcoming Nancy
Grace Roman Space Telescope, with support from future Galaxy
Zoo projects.
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