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Euclid: an automated system to match Rubin transient alerts to
Euclid observations
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ABSTRACT

The Vera C. Rubin observatory is expected to produce 10 million transient alerts per night in ugrizy filters, whilst Euclid is
a visible to near-infrared space telescope engaged in a wide field survey. We present a prototype system to automatically
match the transient alerts from Rubin to Euclid observations. The system produces joint light curves containing both
visible and near-infrared photometry, and joint image cutouts. Using Zwicky Transient Facility alerts as a proxy for Rubin,
we demonstrate the system in use in cases where Euclid did and did not detect the transient and highlight the value that
can be added in each case. For transients detected by Euclid these benefits include identifying the supernovae (SNe) in
observations taken prior to ground-based detection, thereby better constraining the explosion time, such as SN 2024pvw
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detected ~ 3d prior to ground based detections. In cases where Euclid did not detect the transient, we demonstrate the
benefit of adding Euclid observations to improve host morphology measurements and associations.

Key words: data methods - software — techniques: photometric - supernovae: general - surveys — supernovae: individual:

(SN 2024pvw, AT 2024pcm, SN 2024aebt).

1 INTRODUCTION

In order to fully understand the properties of astrophysical ob-
jects it is often necessary to study them across a range of wave-
lengths. In the specific case of transients, covering both the opti-
cal and near-infrared regimes can reveal information on the en-
ergy source and radiative processes in supernovae (SNe; O. Graur
et al. 2020), facilitating the discovery of higher redshift transients
and dusty transients (R. Kotak et al. 2009; C. Gall, J. Hjorth & A.
C. Andersen 2011; M. Masterson et al. 2024; C. DeCoursey et al.
2025), and revealing distant red galaxies as potential hosts (Eu-
clid Collaboration 2025d). In the context of future, wide-area sky
surveys, there is a recognized synergy between the wavelength
ranges and spatial resolution of the Euclid mission (Euclid Col-
laboration 2025a) and the Vera C. Rubin Observatory (hereafter
Rubin Observatory). Euclid is a 1.2 m space based telescope that
began science operations in February 2024 and is designed to
survey the sky over a 6-yr period. Euclid carries two main science
instruments: the visible imaging instrument, VIS, and the near-
infrared spectrometer and photometer, NISP. The Rubin Obser-
vatory in Chile consists of an 8.4 m Telescope that will carry out
the Legacy Survey of Space and Time (LSST; Z. Ivezi¢ et al. 2019).
The LSST program will take up about 90 per cent of its observing
time, and will cover 18 000 deg? of sky 800 times over 10 yr with
ugrizy filters, with the remaining 10 per cent dedicated to higher
cadence and ‘deep drilling’ fields (two of which are specifically
planned to overlap with Euclid). The synergies between these
surveys, both for transients and more broadly, are discussed in J.
Rhodes et al. (2017). More recently, L. P. Guy et al. (2022) expands
upon this with detailed science cases and recommendations for
implementation of joint data products. In the following subsec-
tions we describe the Euclid and LSST surveys and introduce the
goals of our work towards some of the more urgent joint data
products for transients.

1.1 Euclid

The primary science goals of the Euclid mission are to probe the
nature of dark energy and dark matter using the techniques of
weak gravitational lensing and galaxy clustering. In order to do
this, Euclid will survey 14 000 deg? of the sky in its primary wide
field survey (Euclid Wide Survey; EWS, see Fig. 1) using both the
VIS and NISP instruments, with each survey field being visited
only once over a 6 yr period (see Euclid Collaboration 2025a, for
a full overview of the Euclid mission). VIS operates in a single
red passband, I, (550-920 nm) with a pixel scale of 0”1 pixel ™!
and a limiting AB magnitude of 25 (Euclid Collaboration 2025c).
Imaging from the NISP instrument has three different passbands;
Y, (949.6-1212.3nm), J; (1167.6-1567.0nm), and Hy (1521.5-
2021.4 nm) each with a pixel scale of 0”3 pixel™! and a limiting
magnitude of ~ 24.5 (Euclid Collaboration 2025b).

Although the majority of the Euclid survey will view each part
of the sky only once, there is still significant scope to undertake
transient science with Euclid. There are many areas in which
Euclid observations can add scientific value for transients such
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as identifying or improving host galaxy associations and adding
useful early/late time near-infrared (NIR) observations to tran-
sients previously identified by ground-based telescopes, which
can assist in understanding the progenitors of these systems. C.
Dulffy et al. (2025) demonstrated the value that could be added
using single epoch Euclid observations by manually matching
Euclid observations to transients reported by other surveys to the
Transient Name Server (TNS).! In that work, Euclid contributed
early time observations of two SN, one of which is one of the ear-
liest NIR observations of a supernova ever made (~ 15d prior to
peak). Additionally, several transients which had previously been
identified as ‘orphans’, i.e. without a known host galaxy, were able
to be associated with a host galaxy with the Euclid observations.
Adding NIR observations from Euclid is also useful for observing
particularly red or ‘dusty’ transients that other surveys cannot
detect; and estimating photometric redshift and extinction.

In addition to the wide survey, the Euclid survey plan includes
three deep fields (EDFs; Euclid Deep Fields) which are subject
to repeated observations throughout the survey, with approxi-
mately six visits per year (Euclid Collaboration 2022). Though
the cadence of the EDFs is sparse, these are valuable as many
observations of e.g. Type Ia and core-collapse supernovae (SNe)
are expected (A. C. Bailey et al. 2023). Furthermore it is expected
that a substantial number of high-redshift superluminous and
pair-instability SNe will be discovered within the the EDFs (C.
Inserra et al. 2018; T. J. Moriya et al. 2022; A. Tanikawa et al.
2023; M. M. Briel et al. 2024). The EDFs are shown in Fig. 1,
overlaid upon the EWS. Work is ongoing to generate transient
detections from Euclid observations, with a transient detection
pipeline currently in the advanced stages of development; this
ingests raw Euclid observations from the EDFs, reduces them
and performs image subtraction. Several transients have been
identified through this pipeline (e.g. AT 2023adqt; E. Cappellaro
et al. 2024). It is expected that this work will ultimately result in
the development of a dedicated Euclid transients alert stream.

1.2 LSST and Lasair

It is expected that Rubin, through LSST, will be able to detect of
order 10 million transient events per night due to its wide field
of view and the photometric depth that it can achieve. A single
epoch of observation with Rubin will be capable of reaching
photometric depths of 7y, < 24.5 with a anticipated cadence of
~ 2-4d in the main survey (Z. Ivezi¢ et al. 2019; F. B. Bianco et al.
2022).

Transient detections and related information from Rubin are
to be released in the form of transients alerts, which are small,
rapidly produced data packets. Primarily, the alerts will contain
observation metadata (observation time, filter, etc.), astrometric
and photometric measurements of the alerting source, measure-
ments from earlier observations, and image cutouts of both the
reference images and the science images. The alerts are not served
directly to the scientific community, but are instead served to
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Figure 1. Image: The Euclid Wide Survey shown in a Mollweide projection. The blue border bounds the entire Euclid region of interest. Colour coding
denotes the year of planned observation within the 6 yr survey. Bright green areas denote the Euclid Deep Fields. Red marks denote auxiliary fields
(fig. 25, Euclid Collaboration 2025a). Inset image: The Rubin Observatory’s v5.0.0 10 baseline survey coloured by visits, with special fields such as deep
drilling fields (DDF) indicated in text (Rubin Survey Cadence Optimization Committee 2025).

community transient brokers which are designed to filter, add
value, and store the alerts (M. L. Graham et al. 2024). Several
brokers exist, e.g. AleRCE (P. Sanchez-Saez et al. 2021), Fink
(A. Moller et al. 2021); with each focusing on a specific area of
study, approach to processing alerts or adding specific informa-
tion. Lasair (K. W. Smith et al. 2019; R. D. Williams et al. 2024) is
the LSST:UK community broker, which is capable of processing
incoming alerts rapidly in order to allow users to identify and
determine the value of incoming alerts for follow-up, by allowing
users to build bespoke cross matching filters. One of the key ways
that Lasair does this is with Sherlock (D. Young 2023), a contex-
tual classifier which cross matches a transient against a library of
catalogues in order to determine the most likely transient type,
e.g. variable star, nuclear transient, supernova, etc.. Lasair is avail-
able to users through a website,? an application programming in-
terface (API), and pushed notifications of alerts. Currently, Lasair
operates using Zwicky Transient Factory (ZTF, E. C. Bellm et al.
2019) alerts, which has allowed Lasair to be robustly tested and
developed before the start of Rubin operations, as the alerts are
structured similarly.

1.3 Combining LSST and Euclid information for transients

L. P. Guy et al. (2022) proposed joint data products known as
Rubin-Euclid Derived Data Products (DDPs), which will be cre-
ated using proprietary Rubin and Euclid science data processed
in such a way as to protect the ‘proprietary science’ of each sur-
vey. The DDP proposals contained several numbered products for
transient science (DDP 25-35) with a specific urgency assigned to

2https://lasair-ztf.Isst.ac.uk

producing transient cutouts, light curves, and a joint data base
and interface to access these.

There are several scientific benefits to combining Euclid and
Rubin observations of transients; the superior resolution pro-
vided by Euclid allows for improved morphology measurements
of a host galaxy, and localization of the transient within the
host. Similarly, Euclid’s resolution allows for the identification
of compact hosts, whilst the NIR coverage allows for reddened
hosts to be identified. Euclid is also capable of identifying a huge
number of galaxy lenses (see e.g. Euclid Collaboration 2025e).
Combining this ability with Rubin transient alerts will allow for a
large number of galaxy lensed transients to be readily identified.

C. Duffy et al. (2025) carried out manual matching of archival
known transients to Euclid images from the first structured Euclid
data release (Q1; Euclid Collaboration 2025f), i.e. the matching
was not carried out in real time. However, in the Rubin era, with
such an increase in the number of alerts per night, and with a
desire to react quickly in case follow-up observations are required
from other telescopes, we need an automated system.

There are two regimes in which transient DDPs can be created,
one where the transient is first detected by Euclid, and the other
where it is first detected by Rubin. In this work we focus on
the second regime, and present a prototype system for matching
alerts received from Lasair to Euclid observations. In Section 2
we describe the strategy used to match these alerts, and discuss
how it would be impacted and enhanced by the establishment
of a Euclid-discovered transient stream. Section 3 outlines the
technical implementation of this system, highlighting any spe-
cific choices that we have made. We describe the deployment of
the prototype system, with particular focus on the user interface
in Section 4. Section 5 discusses the performance of the system
under prototyping operations and shows examples of matched
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alerts. Finally, in Section 6 we discuss the future direction of
this work, including predictions for rates of matched transients,
and how it will fold into an integrated transient DDP production
pipeline.

2 TRANSIENT MATCHING STRATEGY

Matching transients from Rubin to Euclid requires that alerts
are matched for both spatial and temporal coincidence. Whilst
spatial coincidence is a well-defined condition, the criterion for
temporal coincidence is driven by the science goals. For example,
transients such as superluminous SNe (T. J. Moriya, E. I. Sorokina
& R. A. Chevalier 2018) or pair instability SNe (M. Renzo & N.
Smith 2026) have decay times of order 1 yr, whereas type I/II
SN are substantially shorter lived, but markedly more frequent
(J. B. Doggett & D. Branch 1985; S. E. Woosley et al. 2007; A. J.
Ruiter, K. Belczynski & C. Fryer 2009; A. Burrows & D. Vartanyan
2021). As such, there is a challenge in selecting an appropriate
temporal overlap that encompasses the diversity of transients
without being naive to the parameter space to which Euclid and
Rubin are sensitive.

In developing a strategy for matching Rubin transients to Eu-
clid observations we remain mindful that a future Euclid transient
stream is envisioned, which should be integrated into any cross-
matching strategy. Whilst this adds a degree of complexity and
requires coordination, it brings the benefit of reducing duplicate
analysis and can make the products produced here more data
rich. Fig. 2 shows a schematic of the decisions and steps required
going from a Rubin transient alert through to a final product, with
steps dependent on the Euclid transient detection pipeline shown
on the right of the figure.

The simplest, and probably most common, case is where there
has been no previous Euclid transient alert coincident with the
Rubin alert. Here, any Euclid observation would be subject to
single epoch forced photometry (i.e. a photometric measurement
at the position of the transient provided by Rubin) and the data
combined with the Rubin data before being published. Where
more than one epoch of Euclid observations exist, then these
transient coordinates should be passed to the Euclid transient
detection pipeline for source detection and processing; where no
source is detected each epoch should then be subject to forced
photometry. In the event that there has been a Euclid alert and
there have been Euclid observations either subsequent or prior
to a Euclid alert, those observations should also be processed by
the Euclid transient detection pipeline, where again should no
source be identified in each of those observations, then those
observations should be subject to single epoch forced photometry.
Finally, where there has been a previous Euclid transient alert and
no further Euclid observations, both sets of transient alerts should
be combined and published.

Until such time as a full Euclid transient stream is operational
it is of course not possible to include information from it in
the strategy implemented here. This is of limited impact for the
work which we present here as matching does not rely on the
preexistence of a Euclid transient (the vast majority of Rubin
transients will not have been previously detected by the Euclid
transient stream), and at most this means that information which
could be provided by a Euclid transient stream is not. However,
the observations of a Euclid transient which would have formed
part of an alert stream will continue to be considered regardless.
The steps in Fig. 2 that are dependent on the existence of a pre-
existing Euclid alert are excluded from the matching strategy as
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Figure 2. Schematic flow of operations in creating DDP following a
Rubin alert. This shows the flow of operations in the situation where there
exists Euclid transient alerting infrastructure. Steps and decisions on the
right hand side which require Euclid transient alerts are excluded from
this work. Nevertheless, they are shown here for completeness.

implemented in this work. Currently in the absence of a Euclid
transient alert stream, we have a simple flow to follow; we need
only confirm if there have been Euclid observations with a suit-
able temporal overlap with the Rubin alert.

3 IMPLEMENTATION

Implementing this strategy in an accurate, scalable, and resource
efficient way is a multistep process which leverages pre-existing
technologies and uses algorithms developed as part of this work.

In the following we describe a prototype transient matching
system. We are using real Euclid data (see Section 1.1), and to
mimic Rubin alerts, we use the Lasair alert stream, which is
currently processing alerts from the Zwicky Transient Facility
(ZTF). Briefly, ZTF is a survey running on the 48 inch Palomar
telescope with a ~ 47 deg? field of view that surveys the northern
sky at a cadence of approximately two days. ZTF publicly releases
photometry in the Sloan Digital Sky Survey (SDSS) g- and r-bands
to a limiting magnitude of ~20.5-21. As ZTF does not have the
same photometric depth or range of filters as Rubin it should be
noted that the types and rates of alerts will differ.
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Table 1. incomingAlerts table schema. Field names, with the ex-
ception of lastConsidered, are taken from the Lasair alert stream,
or a contraction thereof. For the sake clarity jdmax is the Jillian day of
the brightest point in the Lasair light curve and utc is the time that the
ingested alert was triggered. These dates are not necessarily the same.

Field Type Null
objectId varchar(20) NO
gmag float YES
rmag float YES
jdmax float NO
ramean float NO
decmean float NO
utc datetime YES
sherlockClass varchar(100) YES
lastConsidered datetime YES

3.1 Lasair alert ingestion

Using Lasair, the ingestion of relevant alerts is a relatively simple
process, as Lasair allows for the generation of user-defined alert
filters which can be used to select alerts to be streamed directly
to the user using a Kafka? stream. For the purposes of this work
we have streamed alerts that have their date of maximum bright-
ness within 100 d of the current date and those which have not
been identified by sherlock as either a variable star, bright star,
cataclysmic variable, or active galactic nuclei (AGNs). This helps
to limit the number of alerts which we have to consider to those
that are most likely to have a useful Euclid observation from the
standpoint of transient science, and reduce the number of bogus
alerts ingested. It is further possible to limit the alert stream to
areas of the sky that have a desired spatial and temporal overlap
with Euclid, e.g. by limiting the considered sky area to the current
year of planned Euclid observations. However, at this time we
only limit the stream to the area of the EWS footprint.

Information considered relevant from the alerts that are
streamed from Lasair via a Kafka stream are saved in a mySQL
database table, incomingAlerts. This table’s schema is shown
in Table 1 and contains the key information about the streamed
alert. gmag and rmag are allowed to take null values because
many alerts only trigger in one band, lastConsidered is also
allowed to take a null value because it is not part of the streamed
alert and is a table column which is used to track when a given
alert was most recently considered for matching Euclid observa-
tions (see Section 3.3). Each entry is uniquely tracked with the
objectId which takes a unique value identical to ZTF object
IDs, thus in cases where a second Lasair alert is issued for the
same object, the entry is updated with new details. When opera-
tions include Rubin alerts the table schema will be expanded to
include table columns for the filters which are present in Rubin
but not ZTF.

3.2 Choosing alerts to cross-match with Euclid

Whilst it might be tempting to check every alert all of the time,
this is neither feasible nor efficient and thus it is necessary to
use some selection criteria. In order to do this we use the last -
Considered column to join incomingAlerts to the table
checkList (see Table 2), which contains all of the previously

3apache Kafka is a platform for processing and handling large data
streams: kafka.apache.org
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Table 2. checkList table schema. Field names match those given in
Table 1 which the exception of ZTFDate which is utc renamed in order
to be more descriptive.

Field Type Null
objectId varchar(20) NO
gmag float YES
rmag float YES
jdmax float NO
ramean float NO
decmean float NO
alertDate datetime YES
cutoutPath varchar(600) YES
ZTFDate datetime YES
sherlockClass varchar(100) YES
EuclidObservationDate datetime YES
lastConsidered datetime YES
lowResPath varchar(250) YES
tolerance int YES
interestFlag varchar(8) YES

matched alerts. Joining these two tables allows us to select alerts
which meet any of the following criteria:*

(i) the alert has never been considered (e.g. lastConsidered ==
Null);

(ii) the alert has previously been matched and it has not
been checked for more than 28 d (e.g. EuclidObservationDate! =
Null A lastConsidered < TODAY — 28 d);

(iii) the alert has previously been considered but not
matched and it has not been checked for more than
7d and the alert was triggered less than 120d ago (e.g.
EuclidObservationDate == Null A lastConsidered < TODAY —
7d A utc > TODAY — 120d°).

By using these criteria, we can ensure that all alerts are con-
sidered and that alerts are considered sufficiently often to ensure
that they are matched timeously without being an undue burden
on resources. Setting an upper limit on the age of an alert fur-
ther aids in resource management by eliminating events that will
never have Euclid observations within the desired overlap for the
automatic matching program.

3.3 Euclid lookup and cross-matching

All Euclid image products, catalogues, and ancillary tables are
stored and accessed through the Euclid Science Archive.® The
primary Euclid imaging data products in all 4 bands are known
as Level 2 Mosaics. These are image products that are arranged as
predefined, regularly-shaped tiles of the sky, with pixel scales of
of 0”1 for I; and 0”3 NIR observations, and are composed of dif-
ferent observations (see Section 7, Euclid Collaboration 2022, for
a full description). As a direct consequence of this construction,
these products are lacking precise time information, and provide
only a range from the first to last constituent observation, which

4Whilst this replicates the logic of the sql this is not the exact form of
the WHERE clause used.

3120 d was chosen as it is twice the temporal overlap we use in this work,
see Section 3.3.1

Seas.esac.esa.int/sas/, note that this is the publicly accessible version
of the Euclid Science Archive, though functionally the same this work
makes use of an internal version of the archive.
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can span days; as such we make use of an intermediate data prod-
uct known as Level 2 Stacked Image (hereafter LE2 stacks). These
are processed (flat fielded, cosmic ray removal, world coordinate
system (WCS) computed) image products composed of the com-
bination of 4 dithered consecutive exposures which constitute a
single epoch with a field of view of 0.53 deg?. The stacking of four
dithers serves to increase depth, eliminate chip gaps and reduce
the effect of cosmic ray strikes (a complete description can be
found in sections 3 and 4 of Euclid Collaboration 2022).

We search for LE2 stacks that spatially overlap the Lasair alert
within 30 arcsec’ by querying the sedm. observation stack
table in the Euclid ‘On The Fly’ data base (OTF) via TAP® upload
and ADQL query. In order to manage resources and minimize the
effect of a dropped connection to the OTF data base, a maximum
of 100000 alerts are checked at any one time and OTF queries
are limited to 10 000 alerts per job. Following the OTF data base
query, if an alert has no spatial overlap then the lastConsid-
ered column corresponding to its entry in incomingAlerts
is set to the current date and time so that the alert can continue
to be regularly checked for spatial overlap in observations and
ultimately disregarded if none exist within the 120 d specified.

3.3.1 Temporal matching

Having identified those alerts that have spatial coincidence, we
must identify those with an appropriate temporal coincidence.
For the purposes of this pilot work we have defined that temporal
coincidence criterion as +60 d, i.e. Euclid observed at the location
of the alert within 60 d before or after the alert date. This temporal
criterion was chosen mindful of the classes of transient generally
observed by ZTF; in operations with Rubin we will consider using
a less restrictive criterion.

In order to identify those alerts that meet the temporal criterion
with respect to Euclid observations, we check each Euclid obser-
vation which is spatially coincident with an alert and identify for
each Euclid band which, if any, observations meet the defined
temporal criterion.

Confirming that a Euclid observation meets the temporal coin-
cidence criterion is straightforward where there is only one obser-
vation, as will be the case in the EWS, as we need only determine
if the observation meets the defined temporal criterion. Where
there are more than one Euclid observation, e.g. in the EDFs, we
check each observation to confirm which, if any, meet the tem-
poral criterion. In the rare case where more than one observation
meets the temporal criterion we select the observation that took
place closest in time to the alert. This choice is made as the closest
observations in time are those most likely to contain the transient
and thus allow for easy visual confirmation by a user.

The now matched alert is then added to the checkList table
with the date and time of the selected observations added to
the EuclidObservationDate column and alertDate and
lastConsidered set to the current date if this is the first time
this alert has been considered. If it is not the first time it has been
considered, then only lastConsidered is updated.

"This large radius is chosen because the image products we are creating
are of this size and some science cases such as host identification benefit
from partial overlap.

8Table Access Protocol is an IVOA (International Virtual Observatory
Alliance) standard for accessing an ADQL data base remotely.
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3.4 Gathering observations

Until this point in the implementation we have only considered
observations as they are recorded in data bases or alert streams.
In order to perform science, we must gather the selected obser-
vations. Gathering data from Lasair is a straightforward process
due to the functionalities provided by the lasair python mod-
ule which allows us to directly query Lasair for all the informa-
tion held on a given object. This means that the provided im-
age postage stamps (reference, science, and difference) for each
epoch can be readily accessed to serve to a user, alongside the
photometry.

Euclid observations are gathered using the requests python
module which allows us to download directly from the Euclid
cutout server via HTTP,® using file paths returned by the ADQL
query to the OTF outlined in Section 3.3. These allow us to collect
30arcsec x 30arcsec cutouts in each of the bands, centred on
the target location from the previously identified observations.
Unlike Lasair, there is no Euclid product which provides photom-
etry based on the LE2 stacks.!® As such it is necessary for us to
compute this ourselves.

3.4.1 Photometry

In this prototype we have assumed that all Euclid observations
are single epoch and we have implemented, for development
purposes, a naive approach to photometry; doing forced aper-
ture photometry at the location of the alert. This has the ad-
vantage that it is computationally cheap and reliable for isolated
sources making it suitable for development work to demonstrate
functionality. However, it is not well suited to returning scien-
tifically robust results, particularly for extra-galactic transients
where their host galaxies’ ‘local background’ can contaminate
measurements. Transient surveys usually overcome this issue by
relying on difference images, but with Euclid that is generally not
an option outside of the deep fields, which provide multi-epoch
observations.

As development has matured we have worked to improve the
robustness of the photometry by implementing forced PSF (point
spread function) photometry using photutils (L. Bradley et al.
2025), using PSF models provided by Euclid. This requires that we
access a PSF model from the Euclid Science Archive for each filter
and each pointing. These are small files that we currently access
on an as needed basis, though we are considering the benefits and
viability of pre-emptively storing these and accessing them via a
lookup table when needed. Although PSF photometry can still
be impacted by contaminating light it can provide far more robust
results. It also allows us to estimate if there has been source detec-
tion or not by using the in-built quality-of-fit metric!! and allow
us to report upper limits as needed. Not all elements of this have
been fully implemented to the deployment (Section 4), such as
robust upper limits for especially faint sources, but nevertheless

9The Euclid Science Archive is not currently fully compliant with IVOA
standards; this is a planned feature (Altieri, private communication).
When this happens we would transition this to a VO implementation.
10The Euclid mosaic catalogue products do provide Kron and image seg-
mentation photometry of detected objects. Although these provide some
temporal information, as previously discussed are not suitable for our
purpose.

" Defined as the absolute value of the sum of the fit residuals divided by
the fit flux.
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we demonstrate the photometry and the improvement offered by
the PSF method in Section 5.

In the regime of multi-epoch observations, which is outside
the scope of this work (see however Section 4.2.2), photometry
will be undertaken in the first instance via the transient detection
pipeline, which will utilize difference imaging for source detec-
tion. This will provide, where a source is detected, photometry
which is not impacted by the effects of ‘local background’. Where
a source is not detected it can be subjected to the forced pho-
tometry procedure which can supply upper limits. This will also
allows for more robust error estimation to be undertaken by com-
paring photometry from image subtraction with PSF and aper-
ture photometry. Future implementation of photometry may also
include deblending procedures for particularly crowded fields;
tools such as SCARLET and SCARLET 2 (P. Melchior et al. 2018;
M. L. Sampson et al. 2024) already exist to do this and could be
included.

3.5 Catch up steps

Due to the data processing implementation of the Euclid mission,
where images taken with two different instruments are reduced
using separate pipelines, it can be the case that data from one
instrument is available to match with an alert but not the other.
When this happens, knowing that data from the other instrument
will become available, we run a frequent, targeted search for this
‘missing’ data. This search is not limited by when it was last
executed and is run on alerts where one or more Euclid bands
are missing from the gathered observations. In this respect the
search is not matching data to alerts, it is only attempting to locate
data that is expected to be in the OTF. When ‘missing’ data is
found, it is downloaded and the data base is updated accordingly.
This is a resource-efficient way to ensure the completeness of the
matched records as the number of calls is relatively small, thus
we can run the method frequently on a per alert basis which
would not be feasible for the complete alert stream. We expect
that in steady state operations the time gap between data from
instruments becoming available will be small and the number of
executions of this search will be small.

4 DEPLOYMENT

In the preceding sections we described the steps we undertook to
build a joint product from a Rubin alert with Euclid observations.
Here we describe the practical steps we take to deploy this body
of work to serve usable products to users. This can be split up
into two aspects; a back end that monitors the alert stream, pop-
ulates the data base, and gathers observations; and a front end
which serves the product to the user. We manage both aspects
by using the Spin system at National Energy Research Scientific
Computing Center (NERSC)!? which allows us to deploy docker
containers to run both the front and back end.

4.1 Back end

The back end elements of the system are executed every 6 hr con-
trolled by a cron job. This runs the entirety of the cross matching
processes described above in addition to other steps which sup-
port the front end; for example generating image preview cutouts

https://www.nersc.gov/what-we-do/computing-for-science/data-
resources/spin
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to be shown as part of an alert preview. We selected 6 hr as a repeat
schedule in order to balance the needs of frequent update with the
time that it can take a large batch of matching to complete. We
find that most matching runs complete on the order of minutes
but when there are of order 100000 alerts to match (which is
plausible under LSST operations) this can reach several hours.
Choosing a schedule that ensures that only one run is occurring
at a time prevents a duplication of efforts or unexpected data
base entries. In anticipation of the possibility that the number
of Rubin alerts exceeds this schedule and is prone to inducing
delay, duplication, and data base errors the batching of alerts and
queries discussed in Section 3.3 can be parallelized if needed,
handing off different batches to separate workers, with minimal
update to the codebase.

4.2 Front end

The front end is managed using the Django web framework,!?
as this allows us to build a web front end that can easily interact
with the data base and scale with the number of matched alerts.
Within the front end there are three main aspects which we have
built. Although it is not necessary to discuss here, it should be
noted that due to the proprietary restrictions placed on firstly
Euclid data and secondly Rubin-Euclid DDPs, the front end is
limited to authenticated users.

4.2.1 Home page/summary page

The primary (and first page that an authenticated user sees) is
the home page, which contains a summary table of the most
recently matched alerts. For each matched object, this shows the
alert name, coordinates, the dates of both the Lasair alert and
the Euclid observation that most closely matches in time, the
Sherlock classification and a 5arcsec x 5 arcsec, Euclid I, image
cutout. Additionally the table entries highlighted in green indi-
cate sources where at least one of the Euclid detections of the
source is brighter than 24 mag, indicating that it may be espe-
cially worthy of consideration as it is within the brightness range
of many follow-up instruments. The interestFlag column
is used to store a flag to denote such sources, and is added by
running the photometric procedure detailed in Section 3.4.1.

Additionally, the table has a number of interactive elements
which makes it fully searchable. This is particularly useful for
locating a specific source or limiting to a given Sherlock classi-
fication. Furthermore, it is possible to use the slider at the top of
the page to restrict the temporal separation between Euclid and
Rubin observations, with the default to show everything that has
been matched.

4.2.2 Matched details

More details on a source can be seen in the detailed view for any of
the matched sources, e.g. Fig. 3. This page contains several useful
elements to understand the transient and its context. The top of
the page contains information from the Lasair alert including the
date of alert and the brightness in the different observation bands
used in the alert. Beside this is an embedded interactive Aladin
Lite'* frame centred on the object. By default this shows the object
ina 1’5 x 1’5 cutout from SDSS, but this can be easily changed by

Bhttps://www.djangoproject.com
Yhttp://aladin.cds.unistra.fr/AladinLite/

RASTI 5, 1-17 (2026)

9202 UoIB\ LE UO Jasn eubojog ayoNsiels azusidg 1p ojuswinedia Ad ¥18Y6v8/y L 0BEZI/MSE/E60L 0 1/10p/a[oIHE/)SEI/WO0d dNOdILSPED.)/:S)lY WO} PaPEOjUMOd


https://www.nersc.gov/what-we-do/computing-for-science/data-resources/spin
https://www.djangoproject.com
http://aladin.cds.unistra.fr/AladinLite/

8 C.Duffyetal

Bespoke Matching
Docs
FAQs
Help

Alert Details -- ZTF24aawshuy

Cordinates 274934, 66.0132

Details

Tasair Alert Tim

July 22,2024, 7 am.

[Euclid Observation Time[June 15,
wmag 99%9.0
g 192383
Sherlock Classification SN
Cutouts
Euclid
vis h y
Fie 6 Viw Zoom Scalo Cobr Rogons Fie E6t Viw Zwom Scalo Cobr Regons

WS Analyis  Holp

WS Analysis  Hoip

00000
(physial)

0023 121.156.6.406
(physical)

Flo Edt Vew Zoom Scale Cobr Regons WCS Anasis Help

Lightcurve

‘Search for additional photometry from Eucld (and ZTF)

Generate

1754

1857

AB Mag

24604

000

2460350.0

Hom:

—[+)1.500" x1.500°

i
Flo Edt Viw Zoom Scalo Coor Regions Flo Edt View Zoom Scale Cor Regions
WCS  Analysis  Holp WCS  Anabysis  Holp

0,008 18:19:49.122 46600.4373 (FKS) 894403057 0301 18:19.48501 466005754 (FKS) 13611112828
(physical) (physical)

) A

r

Flo Edt Viw Zoom Scle Coor Rogons WCS Anabsis Hop

) 75 e 07 By s o sio s

band, lim

8
b,

® usn

v

2460500.0 24605500

RASTI 5, 1-17 (2026)

Figure 3. Example of a joint alert page showing ZTF24aawshuy.
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the user to a scale and survey that they find useful for the object
they are considering.

In the middle of the page there is an array of JS9'> windows
which display the science images from each of the Euclid and ZTF
bands. Where an image is not available, a placeholder informs
the user of this. JS9 is a JavaScript based successor to DS9 used to
explore and inspect FITS images. Using JS9 allows us to align the
WCS of the images and synchronize zooming and panning oper-
ations as well and allows users to alter image scaling, brightness
cuts and to inspect specific elements of the images; e.g. the 2D
profiles.

At the bottom of the page is an interactive plot which shows
the joint light curve combining the photometry provided by La-
sair with Euclid photometry which we calculate as described
in Section 3.4.1. This plot shows both the brightness of object
detections and in their absence the limiting magnitude of the
observations; in ZTF this is a variable value whereas in Euclid,
when using aperture photometry, this is an assumed fixed value
for the VIS and NISP instruments as given in Euclid Collabora-
tion: Cropper et al. (2025¢) and Euclid Collaboration: Jahnke et
al. (2025b), respectively (although in reality, these limits will vary
slightly by field). Going forward, as we implement PSF photome-
try, we will use the resultant statistics, as previously discussed, to
identify upper limits in Euclid data. Currently, we do not store
the photometry and it is calculated as needed when matched
objects are inspected; this is because the photometry procedure
is computationally lightweight enough to be done during other
necessary loading steps. As such we can save on the amount of
storage required by not storing photometry for alerts that may be
discounted by users directly from the summary page. Implemen-
tation of PSF photometry as detailed in Section 3.4.1 is unlikely
to change this as the process is not perceptively slower than the
aperture photometry that was in use when this aspect of the
system was designed.

Since the Euclid transient pipeline is yet to be integrated with
our system, we act as if every Euclid observation is single epoch,
which will be the vast majority of cases. As such we do not cur-
rently store any Euclid images from other epochs that may exist.
In order to get complete Euclid photometry for those objects that
do have multiple epochs, we include an option to generate the
complete Euclid light curve. This accesses all Euclid observations
for the object, performs photometry, and adds these data points
to the light-curve plot. It has not yet been decided how the full
treatment of multi-epoch photometry is to be implemented; in
part this decision will be guided by the implementation of the
Euclid transient detection pipeline. It may be the case that all
photometry for these objects specifically is stored as it may not
be viable to calculate difference imaging on an as needed basis.

4.2.3 User defined matching

Aswe discussed in Sections 2 and 3.3.1, alerts are matched against
a fixed temporal overlap, but this is not necessarily ideal for all
use cases, e.g. for pair instability SN where far greater separation
in time may still result in a useful match. In order to allow for
this we also provide the ability for users to perform a query of
their own defined temporal overlap on either a known source or
acone search. This search function accesses the functions used by

Bhttps://js9.si.edu
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the back end to search Lasair for transient alerts before querying
Euclid using the overlap parameters provided by the user.

A summary page similar to that of the home page is returned by
the search which contains all of the matched alerts. This allows
the user to select those which they are interested in inspecting
further. Doing so takes them into a detail page identical in layout
to that of Fig. 3.

5 THE SYSTEM IN USE

While the system was operating over the period of July-
December 2024, approximately 13 000 Lasair alerts were matched
to Euclid observations. During much of this time, until mid-
November 2024, Euclid observations were focused on the south-
ern sky which has limited spatial overlap with ZTF. Thus we
expect, and indeed observed, a far higher rate of matched alerts at
times when Euclid is observing the sky area from which the alerts
are coming. It should however be noted that for a substantial
number of these ‘matched’ alerts, Euclid will not have detected
the transient. This is simply because very early time observations
by Euclid are unlikely to detect the transient as the transient
detonation will not yet have occurred. In this case it is possible
however, that for some transients such as type II SNe, that we
will be able to identify some precursor activity (e.g. A. Pastorello
et al. 2007; E. O. Ofek et al. 2013; W. V. Jacobson-Galan et al.
2022). Additionally, approximately 75 per cent of the matches
in the system are classified as orphans by Sherlock (transients
without a known host). Despite this, Euclid will be capable of
adding scientific value for many of these, even if the transient is
not observed, by e.g. detecting a possible host. There will however
be cases that neither the host nor the transient are detected by
Euclid as the host will be too faint and the transient will either
also be too faint or have detonated after Euclid observations.

Matched alerts can fall into three categories: matches where
Euclid observed the transient but it was not possible to confirm a
definitive detection but only upper limits, matches where Euclid
observed the transient and it was possible to confirm a definitive
detection, and matches where the transient is absent entirely
from Euclid observations at its reported location. This final case is
of course entirely agnostic of any temporal constraint and could
in principle be applied to any Rubin transient. In the following
we present some examples of these cases, with data extracted and
redisplayed for this publication.

5.1 Euclid observed transients

There are two cases where Euclid observes the transient matched
to a Lasair alert: where Euclid observed before the alert and where
Euclid observed after the alert. This first case is interesting be-
cause it allows us to better constrain the detonation time of the
transient and additionally adds further early time multicolour
information; both of which can be useful in understanding the
progenitor of the system. In the latter case this can be useful to
understand the evolution of the light curve and help improve
classification. Here we present one example of each that also
appears in C. Dufty et al. (2025), which allows us to compare the
quality of the product produced here through automatic match-
ing with that of the manual approach undertaken in that work.
The examples which we present here do have multiple epochs
of observations; ordinarily as discussed in Section 2 these obser-
vations would have at least in part been processed through the
Euclid transient discovery pipeline, in its absence we treat each

RASTI 5, 1-17 (2026)
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Figure 4. ZTF24aawshuy: Upper left: Euclid I; band 12arcsec x
12 arcsec cutout at JD = 2460510. Upper right: ZTF r-band 12 arcsec x
12 arcsec cutout of the detection image at JD = 2460513; in both North
on top and East to the left. Lower: Joint light curve, where detections
are shown with filed circles and upper limits with triangles. Circles and
triangles show ZTF detections and upper limits, respectively. Plus and
diamonds show Euclid PSF photometry detections and upper limits, re-
spectively. Crosses show Euclid forced aperture photometry; these appear
consistently brighter due to the local background contribution from the
host galaxy.

observation as if it were a single epoch observation. Throughout
this section we show both aperture and PSF photometry. We do
this to highlight both success of the PSF photometry with the
Euclid provided PSF models and the shortcomings of using forced
aperture photometry

5.1.1 ZTF24aawshuy

ZTF24aawshuy, also known as SN 2024pvw, is a known Type Ia
SN (A. Syncatto & O. B. O. T. S. Team 2024) first discovered by
ZTF on 2024 July 22. Preceding this there were full (VIS+NISP)
sets of Euclid observations on 2024 March 21, 2024 June 13, and
2024 June 15 with the final of these being the observations which
were formally matched. In addition to this there were NISP-only
observations on 2024 June 23. There was a further observation on
2024 July 18 which was part of the Euclid Q1 data release (Euclid
Quick Release Q1 2025), which was not made available through
the OTF (though in steady state operations would have been). For
completeness, we have manually ingested and processed these
data through the same steps as if they had come from the OTF,
though it should be noted that these data were provided in a
different product, with different background subtractions used.
In Fig. 4 we show the I; cutout from 2024 July 18 and ZTF r cutout
zoomed on the transient location and the light curve built by our
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system showing both approaches taken to photometry as detailed
in Section 3.4.1.

The cutouts in Fig. 4 highlight the power of Euclid; not only
can the structure of the host galaxy be seen far more clearly than
in ZTF due to the far greater resolution and depth, but the SN
can be seen immediately by eye unlike in the ZTF image which
relied upon differencing techniques. Although this difference will
be substantially reduced when working with LSST data, it demon-
strates that even with a single Euclid exposure, Euclid is capable
of contributing meaningfully to transient science.

In the lower panel of Fig. 4 we show both Euclid PSF photom-
etry (detections, +; upper limits ¢) and the naive Euclid forced
aperture photometry (x) addition to the ZTF photometry pro-
vided by Lasair. The shortcomings in the naive approach of forced
aperture photometry are readily apparent, with all of the Euclid
data exceeding the ZTF upper limits and host light contamination
significantly degrading the measurements. This contamination is
more pronounced in the NISP data due to the larger pixel scale
compared to VIS. Although these aperture photometry measure-
ments are well above the limiting magnitude for both instruments
and despite the SN being readily identifiable by eye, it is impossi-
ble, due to the level of contamination, to call any of these detec-
tions. Using PSF photometry we recover far more plausible val-
ues. Similar to the findings of C. Duffy et al. (2025), we recover for
each of the Euclid bands I; = 20.69 + 0.041, Y; = 20.73 £ 0.034,
J: = 21.02 +0.031, H; = 21.19 £ 0.028 for the most recent Eu-
clid observation which corresponds to the first epoch after det-
onation. At all remaining epochs we recover only upper limits,
though this should be expected as these observations were made
substantially before detonation.

This light curve allows us to constrain the detonation time
of the SN by providing reliable photometry from earlier in the
rise phase post detonation. Additionally, the deeper upper limits
that can be obtained from Euclid prior to detonation can also
aid in constraining the detonation date. This can be helpful in
informing issues such as those pertaining to the nature of the
secondary star in the white dwarf binary progenitor system.

PSF photometry, in the absence of difference photometry, is
demonstrably the superior technique as it can mitigate for the
effects of host contamination. Furthermore, as it gives quality
of fit metrics it is possible to determine in a more nuanced way
than just using limiting magnitudes if a source has been ‘de-
tected’. This comes with the caveat that it is impossible, without
difference imaging, to definitively claim a transient detection as
it could be, for example, a contaminating stellar source. In this
specific case it would be possible to make this determination
because multiple epochs of Euclid observations exist. However,
for the vast majority of targets this will not be the case.

5.1.2 ZTF24aauueye

ZTF24aauueye (also known as AT 2024pcm) is a probable SN
identified by ZTF (J. Sollerman et al. 2024), though due to its
relatively faint discovery brightness no spectroscopic classifica-
tion is available. It was discovered on 2024 July 3 and Euclid
observed its location on 2024 March 24, 2024 June 12 and 2024
June 14. Similar to ZTF24aawshuy, above, there was an additional
observation in the Q1 data release on 2024 July 18. In Fig. 5 the
Euclid I cutout, ZTF g discovery cutout, and the combined light
curve are shown.
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Figure 5. ZTF24aauueye. Top: 30 arcsec x 30 arcsec Euclid Ir band
image atJD = 2460509 and ZTF g-band discovery image atJD = 2460494;
in both North on top and East to the left. Bottom: Light curve as in Fig. 4.

The quality of photometry, and the differences between the
two methods are very similar to that presented in Section 5.1.1
with the notable exception that there are no abnormally bright
aperture photometry points exceeding the ground based mea-
sured limits. This is because ZTF24aauueye is subject to less host
contamination than ZTF24aawshuy. The pre-detonation epochs
for ZTF24aauueye are notably faint, and we do not recover mag-
nitudes in any band above the quoted limiting magnitudes using
PSF photometry in any band, as such for each of we plot the
instrumental limiting magnitude at the appropriate epoch. In full
deployment we would consider a more robust method of measur-
ing limiting magnitude on a per epoch basis in under to provide
more reliable measurements.

Comparing with C. Duffy et al. (2025), who report J; = 20.284
as their only measurement for this source, we demonstrate the
ability to return measurements in all four Euclid bands, as we
are not reliant on constructing our PSF model (which was not
always possible in that work). For the same epoch we measure
I; = 19.17 £ 0.048, Yy = 19.797 £ 0.023, J; = 20.31 &+ 0.020, and
H; = 20.47 + 0.019 using the PSF photometry method. The com-
parable J; measurement in addition to successfully measuring the
other bands demonstrates the advantages of using pre-calculated
PSF models for automatic photometry of matched alerts.

5.2 No Euclid detected transient

As discussed previously, for many of the matched alerts we will
not see the transient in Euclid observations. These can however
still be useful, for example by constraining the explosion epoch,
by adding host information to sources, or to identify hosts for
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Figure 6. ZTF24abxylalc: 30 arcsec x 30 arcsec of left: Euclid Iy band,
centre: ZTF r-band discovery image, right: Legacy Survey g-band; in all
North on top and East to the left.

transients otherwise identified as orphans. Below we present ex-
amples of the latter two cases.

5.2.1 ZTF24abxylal

The location of ZTF24abxylal (SN 2024aebt) was observed by
Euclid 60d prior to discovery by ZTF. The transient was subse-
quently classified as a Type II SN by M. A. Tucker (2024). The
observation by Euclid was too early be able to detect the SN, but
Euclid observations do provide useful information on the host.
In Fig. 6 we compare the Euclid I; band observations with the
ZTF detection image. As would be expected given the differences
in their respective imaging specifications, Euclid provides vastly
enhanced detail. A more useful comparison is with the Legacy
Survey DR10 image (A. Dey et al. 2019) at the same location.
Legacy survey images have similar resolution to that anticipated
from Rubin (07262 and 0”2 respectively) making them ideal for
comparison and to highlight the benefit that Euclid data would
bring to LSST detected transients. Once again the improvement in
detail between Euclid and Legacy Survey can be readily observed
with substantially more structure visible in the Euclid image.

This improvement in detail goes beyond the aesthetic as it
allows for improved morphology measurements, using tools such
as GALFIT (C. Y. Peng et al. 2010). This allows for some aspects
of the higher level products proposed in L. P. Guy et al. (2022)
to be produced, specifically DDP-33 transient host parameters.
Although this goes beyond the scope of this work it demonstrates
the necessity and benefit of having an underlying automated
matching system to bring data together.

5.2.2 ZTF24abxmfgs

ZTF24abxmfgs is transient source identified by Sherlock to be
an ‘orphan’ i.e. without a known host galaxy. It was discovered
by ZTF on 2024 December 9, having previously been observed
by Euclid on 2024 October 20. Once again this observation was
too early to make an observation of the transient, but Euclid did
identify a possible host. In Fig. 7 we show both the ZTF discovery
image for ZTF24abxmfgs and the Euclid I; band image at the
same location.

In the Euclid image there appears to be a faint galaxy just to
the west of the transient location, which on inspection would
imply that the transient originated on the edge of this galaxy’s
disc. This allows not only for a host association to be added to
sources such as this but to also associate host properties. Adding
this information is useful when using Type Ia SNe for cosmology,
as corrections to SN distance measurements can be derived from
host properties (R. Senzel et al. 2025).

Although Rubin will have similar photometric depth to Euclid
(especially after multiple epochs are stacked) which will likely
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-,

Figure 7. Left: Euclid Iy band 12 arcsec x 12 arcsec image at the location
of ZTF24abxmfgs with potential host directly to the right of the high-
lighted coordinates. Right: ZTF r-band discovery image of ZTF24abxmfgs
on the same scale; in both North on top and East to the left.

reduce the frequency of Rubin ‘orphan’ transients that Euclid can
identify a host for, there will still be cases where this occurs. This
will be most prominent in the cases where there are particularly
red or compact hosts.

6 NEXT STEPS

There are several improvements that we hope to take with this
work in the future. First and foremost is completing the switch
from using ZTF to using Rubin as the source of the transient alerts
to match. This will not happen until the Rubin alert stream starts
operations and Lasair starts serving alerts from it. This is expected
to occur in early 2026. Only minor changes will be required to
manage the transition, namely expanding the user interface to
show five Rubin bands instead of two ZTF bands alongside some
similar changes to back end functions. We expect that due to
the standardization of the Lasair alert packets between ZTF and
Rubin operations we would be able to complete the transition
quasi-simultaneously with the start of the Rubin alert stream.

The primary challenge of moving to Rubin from ZTF will be
the increase in transients detected, and it will be key to ensure
that the infrastructure of the system scales suitably under this
increased load. As previously stated we expect 10 million alerts
per night from Rubin, however many of these will be associated
with previously detected transients e.g. a further observation of
a supernova; a variable object e.g. a variable star, outbursting
cataclysmic variable, or AGN; or Solar System objects. Assuming
Rubin observes out to z = 1, then from S. A. Rodney et al. (2014,
fig. 11) we have an intrinsic SN Ia rate of ~ 4 x 107> yr—'Mpc~3.
For the ~ 18 000 deg? coverage of Rubin this corresponds to a vol-
ume of 6 x 10'° Mpc? and thus a SN Ia rate of ~ 2.4 x 105 yr~1.
As SN Ia make up approximately 30 per cent of the SN popu-
lation (E. Bulbul, R. K. Smith & M. Loewenstein 2012), and by
extension the transient population (neglecting variable stars) due
to the relatively small numbers of non-SN transients, we can
estimate that the rate of unique transients observed by Rubin will
be ~ 8 x 10°yr~1. The overlap between the Euclid survey area
and Rubin is ~ 12 000 deg? which gives ~ 5.3 x 10° transients per
year originating from Rubin which could potentially appear in
both surveys, or at very least the host could be studied.

By using the relative frequency of transient types and assuming
the typical duration that a transient would be visible by Euclid,
we can estimate the number of different types of Rubin-detected
transients that Euclid is likely to observe: SN Ia, 30 per cent and
~ 50d (E. Bulbul et al. 2012; S. Blondin 2026); other SNe (e.g.
core collapse), ~ 70 per centand ~ 100d (A. V. Filippenko 1997);
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Table 3. Estimated number of Rubin originating transients observable
by Euclid in the wide survey and deep fields per year.

Type EWS EDFs
SN Ia 3.6 x 10* 3.0 x 103
Other SNe 1.7 x 10° 1.4 x 10*
TDE 180 7
Kilonova 3 0.3
gISN Ia 1.0 1.5
glSNe Other 4.0 6.0

tidal disruption events (TDE), ~ 0.05 per cent and ~ 150d (K.
Szekerczes et al. 2024; 1. Grotova et al. 2025); and kilonova, ~
0.02 per cent and ~ 7d (B. D. Metzger et al. 2010; C. N. Setzer
et al. 2019). We further assume that Rubin transient detections
are uniform over time and sky and that Euclid observations are
uncorrelated to Rubin observations (this is untrue for EDF-South,
where there is planned coordination).

Forecasts of gravitationally lensed SNe (gISNe) in the Rubin
footprint predict 44 gISN Ia per year (N. Arendse et al. 2024), and
88 glSNe per year, all types included (A. Sainz de Murieta et al.
2024), from which 44 should provide images of the lensed host.
Additional forecasts provided by R. Wojtak, J. Hjorth & C. Gall
(2019) and by D. A. Goldstein, P. E. Nugent & A. Goobar (2019)
give higher prediction rates depending on the method they used.
We use the numbers provided by N. Arendse et al. (2024) and by
A. Sainz de Murieta et al. (2024) to estimate the rates of glSNe
assuming the time delay will, on average, provide a longer visibil-
ity of 180 per cent for both SN Ia and Other SN types. Finally, we
point out that Euclid is a lensing galaxy-galaxy systems discovery
engine. It will continue to increase substantially the number of
good lens candidates (see e.g. Euclid Collaboration 2025e, and the
series of Q1 papers dedicated to lensing discoveries) and will also
provide to the discovery or follow-up of lensed transients, hence
contributing to better time delay estimates of glSNe, which are
necessary to get accurate estimates of Hy (for a recent review see
S. H. Suyu et al. 2024).

In Table 3 we show the yearly number of transients originating
from Rubin that Euclid would be able to observe broken down by
transient type for both the EWS and the EDFs.

We also look forward to integrating with a unified Euclid tran-
sients data base which would allow us to leverage the benefits
that it would bring as discussed in Section 2. This would require
additional data base look up steps to be implemented as well as a
version of the Euclid transient detection pipeline to be integrated
with our code base. It is also possible that we would need to re-
structure the data base which we operate on here to have a better
unified structure. Whilst this has the potential to be a substantial
project to complete, it would greatly enhance the effectiveness of
this work and that of the Euclid transient stream more broadly by
lending better context to detections. Furthermore it would allow
us to handle multi-epoch observations more accurately by using
the difference imaging photometry that the transient pipeline will
provide.

The current form of this project has been to create a web app.
This makes it very easy for a user to access the project and identify
transients which have been matched and are worthy of further
study. However it does not allow users to access any of the data,
e.g. the photometry, outside the provided interface. Creating an
API accessed through an associated python module would al-
low users to integrate aspects of this project directly into their
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workflow. For example being able to download the contents of the
alert detail page or being able to run the user-defined matching
(Section 4.2.3) directly from a script or command line would
allow a user to search for and inspect objects arising from other
aspects of their research.

Another potential future avenue is to create a Lasair annotator.
This is a feature offered by Lasair where community users can add
information back to an alert based on their own analysis. There
is potential to use the output of work here to annotate Lasair
alerts with information from Euclid. This could range from a sim-
ple confirmation of an approximately contemporaneous Euclid
observation through to supplying photometric information. The
exact nature that this takes will depend on future decisions relat-
ing to proprietary data rights for Euclid in the transient science
domain.

6.1 Full joint transient DDPs

The ultimate goal of this work is to serve as one of two necessary
aspects to create joint derived data products for transient science
using Euclid and Rubin data. Whilst we have focused here on the
case of a transient alert originating from Rubin data (which will
be by far the more common case), the other aspect is the case
where a transient is first detected by Euclid. In Fig. 8 we show a
schematic of how starting at a Euclid difference image a similar
joint data product to those presented here might be generated.
When compared with Fig. 2 it should be immediately apparent
that much of the logic required is similar, thus when considering
this aspect of the DDP the work that we present here could be
viewed as a path finder.

Although there will be a lot of surface level commonality be-
tween the two sides of the product, development of the products
arising from Euclid alerts will require a substantial effort to re-
alize as there are substantial differences in the Rubin data that
need to be considered, namely the provided data products and the
volume of data products that need to be handled. For example, it
may not be tractable to run the automatic matching on the same
temporal overlap that we use in this work. Equally, with far more
repeat visits in a shorter period of time in Rubin data, it will be
necessary to consider how best to present this data, for example
the ability to blink between science and difference images is a
feature that would likely be desired. In addition to building a
product for this case it will also be necessary to remain mindful
of how both sides will integrate together and what aspects of re-
engineering will be required to this work so that both aspects of
the DDP process can work seamlessly and consistently together.

6.2 Beyond transient DDPs

In addition to the transient DDP products there are several other
time domain products proposed in L. P. Guy et al. (2022) which
require the rapid production of joint light curves and/or cutouts,
where the system presented here could be the basis for. For ex-
ample, DDP 47 calls for prompt light curves of extreme AGN
variability events, such as TDEs. Many of these events will be
reported as Rubin alerts and passed to Lasair, which is already
capable of identifying the origin of these events; thus making it
straightforward to integrate them in this system. As highlighted
by L. P. Guy et al. (2022) when working with AGN there will be the
particular challenge of deblending the AGN and host galaxy light.
Some tools already exist to be able to do this e.g. SCARLET and
SCARLET 2 (P. Melchior et al. 2018; M. L. Sampson et al. 2024)
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Figure 8. Schematic flow of operations in creating DDP following a
Euclid Alert.

and these potentially could be integrated to achieve this. This may
have the added benefit of helping reduce the impact of host galaxy
light contamination in the primary transient science products
discussed, especially where we have highlighted the impact of
host galaxy contamination.

Other time domain products which could be produced using
this system as a starting point are DDP 7 and 8, Solar System
object cutouts and light curves. This would be a more involved
evolution of the system as Lasair does not support Solar System
objects, and would require integrating another LSST community
broker such as the Solar System Notification Alert Processing
System (SNAPS D. E. Trilling et al. 2023) which specializes in
Solar System objects.

7 CONCLUSIONS

We have presented a prototype system for combining Rubin tran-
sient alerts with Euclid data, using ZTF data alerts provided by the
LSST:UK transient alert broker Lasair as a pathfinder. We have
demonstrated both the technical capacity of the system to pro-
cess and match incoming alerts before producing useable science
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products. Beyond this we have highlighted a number of potential
science use cases of the system including early time observations
of transients prior to ground-based detection, and host galaxy
detection and study. With the start of Rubin science operations
in 2026 we hope to make the switch from ZTF data to Rubin and
make this tool available to the DDP transient community.
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