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Why do transient search with Euclid?

Euclid optical and NIR survey
IS a unique opportunity for a transient search

simultaneous transient detections (and follow-up) with VIS and NIR images
high resolution and deep limiting magnitude of optical images
simultaneous analysis of photometric and spectroscopic data

photometric redshifts of host galaxies

high-redshift transients

7° Meeting Nazionale Collaborazione Euclid Italia — Bologna 30 Giugno — 2 Luglio 2025




Why do transient search with Euclid?

Science cases
- Supernova la cosmology with NIR data & high-redshift
« Supernova rates in dusty environments and at high-redshift
Very high-z and/or long-lasting transients (e.g. SLSNe, PISNe)
Nearby Universe: progenitor studies & intrinsically-faint red transients (LRNe, ILRT)
Lensed Supernovae

Host galaxies of distant transients & GW events (bright/dark sirens)
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SNT-WG activities

Several standard projects - started activities for DR1

Host galaxy studies
- Synergies with other transient surveys

SLSNe & PISNe at high redshifts
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Photometric studies of known transients with Q1
(Duffy et al 2025) Orphans host galaxies

Legacy DR10 Euclid I Euclid I; zoom

161 known transients in Q1 images
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E{> Similar project for DR1
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KP: Euclid transient search in the Self-Cal field
(Cappellaro et al in prep) DR1-KP-SNT-1

SelfCal field

LAS brightest(riz) / 2MASS brightest(JHKs)
R.A = 17:54 eC = +65:26:00 rad = 1.0 deg E(B-V) = 0.04.0.08 mag

Aims

Demonstration of Euclid capabilities to detect transients on
both NISP and VIS images

Optimization of Difference Image Analysis tools for Euclid
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Development of a transient database tools for cross matching
catalogues, classifying transients...

Requirement

Early access to raw data

’ R.A. :J;OOO) -
~3 deg? field with multi-epoch observations Fast data reduction and analysis
9 epochs during PV phase

1 epoch per month during nominal mission
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KP: Euclid transient search in the Self-Cal field
(Cappellaro et al in prep) DR1-KP-SNT-1

. L INTERMEDIATE PRODUCTS OUTPUT
Transient Pipeline

: Raw dithered
working on Datalab EXDOSUIes
= P Y
(EC-Spritz) Reference catalogues Bl caliorated image detection
Work on LE1 data

multi-epoch images multiple detections light curves
astrometrically &

photometrically
calibrated stacked

frames external catalogues host galaxy spectroscopic transient photometric
ancillary data zphot or zspec follow up classification
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KP: Euclid transient search in the Self-Cal field
DR1-KP-SNT-1

(Cappellaro et al in prep)

Multi-epoch
Image analysis

Detailed optical
light curves

Faint
magnitude limits
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KP: Euclid transient search in the Self-Cal field
(Cappellaro et al in prep) | DR1-KP-SNT-1

Euclid preliminary Comb|ned Opt|Ca|-NIR
Image analysis

Building a precious dataset
e for further studies (on-going)
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KP: Euclid transient search in the Self-Cal field

(Cappellaro et al in prep) 700 —_— . ' SN_108 '
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KP: Euclid transient search in the Self-Cal field

le-17

(Cappellaro et al in prep)

Spectroscopic follow-up
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Towards DR1: Rubin-Euclid and more

(Petrecca et al in prep)

Photometric follow-up : VST- (LjJC“d yneEg|e5 for
Ime-domain As ronomy

Wide-field camera (1 square degree FoV)

Excellent image quality and depth
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Same pixel scale of LSST (0.2 arcseconds)

Very similar photometric system of LSST

Location (Cerro Paranal) close to LSST (Cerro Pachoén)

Great experience with transient surveys (SUDARE)

N(SN) / night

101 10°
exposure time [sec]
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Towards DR1: Rubin-Euclid and more

(Petrecca et al in prep)

ST-Euclid Synergies for
iIme-domain Astronomy

Photometric follow-up
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Towards DR1: Rubin-Euclid and more

Transient science can be enabled by coupling Rubin-LSST and Euclid survey

- - - SN rate evolution as a function of redshift,
= [SSTu == LSSTy
= LSST g Euclid-VIS g al aXy m aSS, SFR

LSST r Euclid-Y
m— LSST i Euclid-J

mien | - ON la cosmology in the NIR range
Nuclear Transients

\ i _ Gravitationally lensed transients
o0 wéiﬁ,welengt;ifﬁf B0 a0 High redshift long-lasting transients

Optical rest-frame only NIR rest-frame only (S LS Ne, P I S Ne . )
Dust extinction bias for transient search

Complementing low- and medium- z transient Universe
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Towards DR1: Rubin-Euclid and more

Pave the way for simultaneous Rubin-Euclid observations - DR2 and DR3
2 main projects

Euclid-Rubin joint light curves and cutouts Euclid-Rubin simultaneous transient search

exploiting the spatial overlap of the two wide surveys exploiting the temporal overlap on deep fields
~9400 deg? for several seasons ~30 deg?
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Coming soon

Bright candidate release to the TNS & web tools for Euclid members

TOCats - HiPS c: e DIF and Aladin Lite v3

267.58 65 5 ’ 0 Where SOL ca DB Table: candidates — 0.01188 objs/deg” > Upload @

Ref. Cat. | @ Candidates v "3:‘) Options v

Show 10 v enlries Search:

M ¢ e b e e Immediate visualization

267.575833 65.084849 21.46561 5.002

i of SelfCal candidates

269.453586 65.289201 22.3568 50.334

269.265011 65.162954 43.703
268.878346 65.726994 54,378
269.704701 65.285382 56.254

v i Interactive check of TNS sources

269.388001 5 46.542

s oo e and Euclid DF data

267.840673 35, 7271 22.7962

@ Candidates ® X Showing 1to 10 of 1,209 entries

A~ Base image layer quick selection Previous 1 2 3

Overlay Euclid VIS~ Opacity e 100 %

® 0SS color OSDSSY color O2MASS O AIWISE O Spitzer H
Pan-STARRS DR1 (O DECaPS DR2 ) DESI-LS DR10 € BASS DR3 Open list server J fields lo relrieve (comma separ der by eC WI O er I I Iany Ca a Ogs

GLIMPSE 360 ) Skymapper (JZTF DR7 (U CTA-FRAM «$ Share URL of current view (refreshed at each Redraw)
GALEX GRE&/7 O SuperCOSMOS Ha ) CXC HIPS () XMM PN co
NVSS CHIPASS | (US-PASS DR1 SMGPS 1.3GHz VLASS
ASKAP O RACS-low CRACS-mid OEMU
ROSAT OTot. OSoft OHard  eRASS1 O AllSky rgb O DE rgb

https://catsweb.oas.inaf.it/?catname=candidates8coords=267.58,65&radius=108008project_name=euclidsnt&private key=EU

> Objects density map
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Thank you for the attention

i l Science Working Groups »
€ucid SWG Supernovae and Transients

https://euclid.roe.ac.uk/projects/stswg
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Euclid surveys

Wide Survey:
—— 14,000 deg?2
EoFNorth . GOODSN 6 i . VIS: 24.5 mag (100)
fas : i s TR Y/J/H: 24.0 mag (50)

= North Galactic Pole
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oCDFS «South Galactic Pole
EDF-Fornax :

Auxiliary fields
— NIR self-calibration field
R.A. (2000) Photo-z calibration field

(Mellier et al 2024)
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Euclid Deep Fields

- Deep Fields take up 12% of the total survey time
- Visits at regular intervals during the mission with different observation angles

- Two magnitudes deeper than the Wide Survey (Mellier et al 2024)
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Rubin-a

Planck reddening E(B —V) [mag]

".'. DT N L My 0 - s
18h20™ 17"40m 3h42m 36™ 30™ oo™
RA (ICRS)

Overlap with Spitzer deep fields Includes Chandra Deep Field South Important spatial and temporal overlap with
SelfCal field Vera Rubin LSST (including partial ComCam)
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single epoch image analysis

cosmic ray removal persistence correction for NISP data

fUl

astrometric calibration

photometric calibration
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Euclid
Rubin u|
Rubin 1 Rubin and Euclid images:
Rubin i
Rubin z

cross-match transient detections

forced photometry on transient positions

61000 h 4 61600 61800 62000 62200 62400 RUbin and EUClId Cataloues:

joint optical + NIR light curves

EDFS transient photometric classification
1st overlap

Jan 2026 host galaxy zphot with optical+NIR

[ ]
s’ ISTITUTO NAZIONALE
DI ASTROFISICA
~ NATIONAL INSTITUTE
* OR ASTROPHYSICS

Agenzia Spaziale ltaliona

7° Meeting Nazionale Collaborazione Euclid Italia — Bologna 30 Giugno — 2 Luglio 2025




Euclid - Rubin joint transient science
with DR2 and DR3 data

Rubln Euclid Derlved Data-Products
Initial Recommendations °

Broad scientific impact of

joint transient light curves in the optical and NIR
high quality photometry
photometric redshift of host galaxies

Transients (TR)

DDP-25-TR
DDP-26-TR
DDP-27-TR
DDP-28-TR
DDP-29-TR
DDP-30-TR
DDP-31-TR
DDP-32-TR
DDP-33-TR
DDP-34-TR
DDP-35-TR

B
B
B
B
B
B
B
B
B
B
B

DDPs for transients

P1+U1+RT
P1+U1+RT
P2+U1+RT
P1+U1+YR
P1+U1+RT
P2+U2+YR
P1+U1+RT
P1+U1+RT
P1+U1+YR
P1+U1+RT
P1+U1+DR

TO
T0
T1
T0
T2
TO
TO
T1
T0
T2

0 Transient object light-curves
Transient object cutouts

Transient astrometry

Transient host galaxy photometry
Transient host galaxy redshifts
Transient host spectral parameters
Joint transient lightcurve parameters
Transient redshifts

Joint transient host parameters
Joint transient database and interface
Transient detection efficiencies

https://arxiv.org/abs/2201.03862
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Template la (z=0.95)

Euclid preliminary =~ ¢ wvs oput: medi_pesata._zop.do Euclid preliminary
/ { 1

+,’I ' | . OSIRIS@GTC spectrum

/| SNlaz=0.95
!

« L M " M " M " TLE . t.'
7 60190 60200 60210 60220 60230 60240 60250 60260 . o
MD host

galaxy

photometric classification spectroscopic follow up zphot from MER catalogues

by fitting light curves for brightest transients zspec from NISP spectrum
LBT,Subaru,GCT,ESO-VLT, TNG for brightest galaxies
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TOCats - HiPS catalogues brows 1 — Developed using DIF and Aladin Lite v3

267.58 65 " O Where | SQL clause DB Table: candidates — 0.01188 objs/deg2 > Upload )

Ref. Cat. | @ Candidates v ]o Options Vv

Show | 10 v entries Search:

RA Dec MagAUTO * Sep

267.575833 65.084849 21.4661 5.092

268.074013 65.560026 21.6761 35.815

269.453586 65.289201 22.3568 50.334

269.265011 65.162954 22.3724 43.703

268.878346 65.726994 22.4317 54.378

269.704701 65.285382 22.4988 56.254

269.182945 65.144618 22.5289 41.453

269.388001 65.145174 22.5557 46.542

269.144051 65.733501 22.6897 58.876

267.840673 65.727871 22.7962 44.156

® Candidates Showing 1 to 10 of 1,209 entries

A~ Base image layer quick selection Previous 1 2 3
Overlay Euclid VIS~ Opacity co=@) 100 %
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