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Core goal: perform extra-galactic science
using the LSST over of cosmic time

* Revolutionary statistics across full
spectrum of extra-galactic studies

* Vast discovery space in the ‘low-
surface-brightness’ regime (e.g.
dwarfs outside local group, intra-
cluster light, faint galaxy outskirts, tidal
features)

- Statistical studies of rare and/or

B \ O o ' extreme objects (c.g. starbursts,
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gﬁ%}; ‘ will drive new technologies (e.g.

machine learning) for big data
astrophysics
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@ Survey Strategy =
@ Galaxy Morphology @ SED fitting & Photo-z J

[. Loyv-surface-brightness j LSST GSC [. Active Galactic Nuclei J
Science Working-group network

{. Strong Lensing

@ Galaxy Environments }
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* Low-surface-brightness science

» Preserving LSB flux in LSST images + detection and deblending in LSB-friendly images
» Subtraction of bright stars to large radii

» Automated detection of faint/dwarf galaxies

» Detection and characterisation of faint LSB structures

* Galaxy structure and morphology

» Structure/morphology using parameters and ML
» Spatially resolved properties of galaxies

* Estimation of physical properties and distance parameters

» Photo-zs (e.g. using methods like DEmP)
» Physical properties from broadband SED fitting using CIGALE, BAGPIPES and PROSPECTOR
» Distance estimation using SBF

e Star cluster detection and characterisation

* Cross-matching Rubin with ancillary datasets (e.g. MeerKAT, VISTA)
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* Much of LSST’s discovery space is

in the low-surface-brightness
(LSB) regime

* Theoretical 10-year SB depth is
~30 mag arcsec? but achieving

this requires pipeline optimisation

Credit: HSC

* Several potentially significant
A. Watkins, A. Bazkiaei, S. Brough and the 1SSucs c.g.:

Rubin DM team Sky over-subtraction
Shredding of large objects

Incomplete source detection

YV V VYV

Ghosts and scattered light due
to bright stars
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Completeness by detection strategy

101 Detection
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T. Sedgwick and the Rubin DM team

Faint, low-surface-brightness (LSB)
galaxies can be missed

Structures within galaxies identified
as separate sources (shredding)

MI.-based methods trained on
realistic simulated LSST 1mages can
improve source detection

Better detection improves galaxy
photometry and deblending and
enables more reliable studies of faint
galaxies
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DES-trained DES-trained LSST-ready

HSC: Deep data i LSST
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H. Thuruthipilly et al.
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* Trained CNN to classify DECal.S

galaxies into four categories of tidal
features

* Currently adapting network to run on
millions of Euclid and LSST galaxies

Stream

A. Khalid et al.

5 . ke
Shell Diffuse

A. Gordon et al.

* Interpret observed tidal features using

Host mass ~ 4.65 X 101 Mo high resolution cosmological simulations
Merger LB time ~ 3 Gyrs
Mass- ratio ~1:50
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X = Spiral X = Jellyfish
(a) ’ ' (b) i ' ' * Scalable morphology: galmex

0.3

homogeneous, non-parametric
measurements and
probabilistic classifications for
~1.7M DECaLS galaxies.

(EV*D|X)d

* Beyond Hubble types: identify
disturbed and rare systems,

including mergers and
jellyfish/RPS candidates.

(s alx)d

0.3

2 3 4 2 3 4
C c

A3: Shape asymmetry (Pawlik et al. 20106)

Gint: Gint index (Lotz et al. 2004)

C: Concentration index (Conselice et al. 2003)

e Towards Rubin/I.SST:
recalibrate ga/mex for LSST
imaging and build survey-scale
morphology catalogs.

V. M. Sampaio, Y. Jaffé, et al.



LSST Galaxies Science Collaboration

Cluster 8 Cluster 20

LIRS
EOO0RR
REERRE
B
HEEEER
SOOOAE
HIRESEER
Alajejeld s
OO0 00

I. Lazar, G. Martin et al.

Cluster 21 Ciuster 45 Cluster 50 Cluster59 Cluster 77 Cluster 86  Cluster 100

o

Unprecedented data volumes
mean that traditional methods
(e.g. visual inspection) will need
augmentation using ML

Unsupervised ML is a useful
tool for galaxy morphological
classification

Prototype validated on HSC

images

Currently being optimized for
scaling up to LSST and Euclid

data volumes
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" NGC 4424

NGC 4303

NGC 4535

u Source detection Starlet decomposition + DAOStarFinder

» ‘ ! I .
i’ '

ﬂ NMF decomposition & Background interpolation

white-light (loq) Predicted background, integral ated {log)

-0 -

* Star clusters trace their host galaxy’s formation histories

* Use photometric and spectroscopic data to identify and characterise SCs

* Insights into star formation and chemical enrichment histories of galaxies detected

by LSST

Niranjana P., P. dos Santos-Lopes, A. L. Chies-Santos, R. S. de Souza et al.
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* Observed “mottling” is directly related to the
5 target distance
v &8
LA
* * FAST-SBF uses this technique to produce rapid
- estimation of galaxy distances, ~ few minutes
NGC 1399/HST/WFC3
=4 gET per galaxy
A * Phase 1: Development and validation complete
* Phase 2: Ready for distance and stellar
0.0 population studies of tens of thousands of
LSST galaxies
-0.5
s -1.0 o 3
1.5 |
-2.0,
06 08 1.0 1.2
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G. Riccio, M. Cantiello et al.
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* In-kind contribution to Rubin from South
Africa within the GSC. ., 75°

@® EDR pointings
- —— =N © Examples
3 m— Galactic plane

* Early Data Release (EDR) - : ------- occas g
111K MeerKAT sources crossmatched
with DECal.S.

15°

.......

Dec (J2000)
o

e Statistical measurements such as radio 15°
source counts and radio luminosity 30
functions. : \

-60°

. . Cq . . 75° RA (J2000)
* On-going effort to integrate within Rubin

science platform. Sky distribution of the 141 EDR pointings

U. Sureshkumar, M. Hilton et al.
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NGC 1494 in DP1 Spatially resolved maps of

physical properties, after
SAGUI segmentation

»*)
,.-

Work in
progres
s

A. Wille, A. L. Chies-Santos, R. S. de Souza

* SAGUI segments galaxies by
hierarchically clustering
regions with similar SED

profiles.

* After segmentation, perform
spatially resolved analysis of

properties for each structure.

* To be expanded to other
galaxies in the LSST DRs.
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Piecing together the

NGC 4261 Group

4
Image: NSF=D@E Vera C Rubm Observatorg / NOIHEab
» %, / SLAC / AURA

M. Santamaria, A. L. Chies-Santos et al.

Segment the galaxies of the NGC 4261 group into regions with similar spectral
energy distributions using deep optical imaging from Rubin DP2, recovering
their internal structure and faint, low-surface-brightness features.

Map the stellar populations of each region to reveal how ages, metallicities
and dust vary within the galaxies and across the group, tracing the imprint
of interactions.

Detect and build a census of the globular cluster systems of the group, exploring
their spatial and color distributions as tracers of how the group was
assembled.

Carry out spectroscopic follow-up of the detected globular cluster candidates
to confirm their membership and measure their radial velocities, ages
and metallicities.
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* 7 almost-dark galaxies (ADs) found around M49 in Rubin DP2
* Extremely faint (central surface brightness 27-28.5 mag/arcsec?, r_eff ~ 0.6-4.6 kpc)
* More ADs are expected to be found in DP2 & future LSST DRs

Rubin J122703.1+080018 .y *

-10 -12.5
M, [mag]

Minh Ngoc Le et al., Mitra et al.
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Governance Documents Application Process and Eligibility Criteria

Technical Reports The LSST Galaxies Science Collaboration (LSST GSC) accepts applications from eligible scientists who have rights to LSST data and are active in extragalactic research.

Active Infrastructure The LSST GSC grants memberships based on the applicant's eligibility, their expected participation level, and their scientific interests related to the goals of the LSST
> Projects GSC.
Apply for membership The membership eligibility criteria are detailed in the LSST GSC Charter, but eligible scientists include:
c = All scientists employed or studying at institutions in countries with LSST data rights (e.g., Chile, US).
oniact = Scientists employed by the LSST Project.
» Members of institutions or consortia (not in the US or Chile) that have explicit data rights agreements with the LSST, such as IN2P3.

= |ndividuals who have datarights agreements with the LSST and their Designees.
Researchers who do not fall into the categories above but would like to join the collaboration as an observer should contact the LSST GSC.
If you have questions about the application process, please contact the LSST GSC.

® If you meet the eligibilty criteria and wish to apply for membership, please do so using the application form.

s.kaviraj@herts.ac.uk



