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The Vera C. Rubin Observatory is located on Cerro
Pachdn in Chile. The Simonyi Survey Telescope’s
primary mirror has a 6.7 meter effective diameter
and its camera a 9.6 deg? field-of-view and six
optical-NIR filters: ugrizy.

Once construction and commissioning are
complete, Rubin Observatory will execute the
10-year Legacy Survey of Space and Time (LSST):

' @ single-image depths (point source; AB)
. O ugrizy=23.9,25.0,24.7,24.0,23.3,22.1 mag

EReN I8 o 10-year LSST depths (point source; AB)
\ o ugrizy =26.1,27.4,21.5, 26.8, 26.1, 24.9 mag

See lvezic et al. (2019) for technical details about
the design and the science goals.
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One of the most recent baseline survey simulations. The Baseline Survey Strategy was designed to
meet the basic requirements to achieve the core
science goals of the Legacy Survey of Space
and Time (LSST; requirements described in

ls.st/srd).

Baseline design elements for the WFD area:
- should cover at least 18000 deg?
- average of 825 visits per field over 10 years
- same-night same-field re-visit “pairs”

Additional areas covered should include:
- at least 5 deep drilling fields
- the North Ecliptic Spur, the Galactic Plane,
and the South Celestial Pole

0O 100 200 300 400 500 600 700 800 900 1000 How to optimize the LSST to maximize

Nvisits scientific return is an open question.
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huge facility large aperture, fast telescope 3.2 Gpixel camera with
large field of view

Rubin Observatory Data Facibty
LA Bstacsl b
Labaratmry (WLAL) Menis Park, A

ol petascale computing facility,
high bandwidth, rapid data transfer ~| million lines of code
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o LSST Data Products
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Difference Image Analysis (DIA) %
template difference % %

Alert Production. Raw images are processed, a

template is subtracted, and difference-image sources ...distributed as alerts to brokers, where
are detected, associated, characterized, and... they can be rapidly analyzed by users.
Prompt Products. Images The Prompt [—s
and catalogs from DIA. and Data
Release data G
products will be %
available to

Data Release. Deeply
coadded images &
associated catalogs, plus DIA
products.

users via the
Rubin Science
Platform.
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Upto 10
million
alerts/night

~6 million
Solar System
objects by
year 10

~5.5 million
images, 37
billion objects
detected over
10 years

Difference Image Analysis (DIA)

60s
template difference

Alert Production. Raw images are processed a
template is subtracted, and difference-image sources
are detected, associated, characterized, and...

Prompt Products. Images
and catalogs from DIA.

The Prompt
and Data
Release data
products will be
available to
users via the
Rubin Science
Platform.

Data Release. Deeply
coadded images &
associated catalogs, plus DIA
products.

...dlstrlbuted as alerts to brokers, where
they can be rapidly analyzed by users.

| e— 0 0

£

{ 4
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the Local Universe with resolved stars compared to SDSS
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Star/galaxy separation at the faint end

Detection of “partially resolved” systems (and “isolated” dwarfs)
Detection of fuzzy blobs

Finding blue, star-forming dwarfs

Prioritizing follow-up (we can’t follow up everything!)

Optimizing background subtraction for LSB science

Characterizing the survey data (e.g., how survey properties affect matched-filter maps - see
Ferguson poster)

e Synthetic Source Injection for characterization (and for precursor studies)

e Photometry in crowded fields/regions

e Proper motions

...and doing all of this over ~18000 deg” of sky
e Are models/simulations detailed/sophisticated enough to enable interpretation of LSST results?

J. Carlin, DGSCS Chicago, July 2024 *Not acom p[ete list! Acronyms & Glossary: ls.st/glossary ‘
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Measured star/galaxy separatin

. i == 1.0
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into Rubin Data Preview 0 _ 2575
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Ideal star/galaxy separation
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o~ Detecting dwarfs, star clusters, and streams
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Matched filter searches miss objects with a lot of unresolved
emission

Many studies rely on visual inspection to find dwarfs and streams

Confirmation often requires space-based (HST, JWST) follow-up

J. Carlin, DGSCS Chicago, July 2024 Acronyms & Glossary: ls.st/glossary
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Dwarf galaxy near NGC 2403

,,,,,,,

imcwen  (D~3.2Mpc, M, ~7x10°M_ ;~2.5 M
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- uc)

M, ~-7.8
r .~ 179 pc
' Rpmj~35 kpc from NGC 2403

(aka “MADCASH-1")

Carlin+2016,Ap]L, 828, 5

J. Carlin, DGSCS Chicago, July 2024 Acronyms & Glossary: Is.st/glossary 15
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M,, ~-12.9. Such pairings (NGC2403+DD0O44) are

extremely rare in lllustris models.
J. Carlin, DGSCS Chicago, July 2024
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Carlin+2019 (ApJ, 886, 109)
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—=. NGC300 (~LMC mass) - tidal stream/debris
wiscen  found in DELVE-DEEP data

RA (deg) RA (deg) RA (deg)
15.0 145 14.0 135 13.0 125 15.0 145 140 135 13.0 125 15.0 145 14.0 135 13.0 125

See Cat Fielder’s
poster for details!

Dec (deg)

and Fielder+2024,
In prep

= Shell 1

S

]

(=)

-density
Shell 2
0 145 140 135 13. . 0 145 140 135 13.0 12. VR ECRR E Y
J. Carlin, DGSCS Chicago, July 2024 RA (deg) RA (deg) Ra-ideg)
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Y Dwarf galaxy near NGC 4214
£RAC RUBIN (D~2 9 Mpc, M, ~1x10°M_ ;~0.4M, )

u

B <4— NGC4214

M, ~-9.2
r If~ 131 pc
Rproj~70 kpc from NGC 4214

(aka “MADCASH-2")
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Surprising results among satellites
of nearby ~LMC hosts: young

stellar populations in MADCASH-2

F814W

W . <4— NGC4214

observed

ancient + 10%
intermediate +
| % young

model with
only ancient
populations

MADCASH-2

. Full model

[ Ancient mosdel

. Ancient 5 M F
: La® -
Intermediate 3 L&
. » :' 25
. COUN S i -
Young g é"
aoes s e
e ‘:3;‘
ettt A
75400 AWen
‘ ‘.-‘hz" "' ”.q-..~..
o L e, > '. ": {':
b1 A
IR R y x ."..
R RGEAL PR
L TR

See Carlin+2021,
ApJ, 909,21 |

(F606W—TF814W),

M, ~-9.2
~ |31 pc

rQhalf

|||||||||||

(F606W —F81I1W),

|||||||||||

(FEOEW —F811W ),

R_.~70 kpc from NGC 4214



https://www.lsst.org/scientists/glossary-acronyms

NGC 55 (M.~ M,
dwarf satellit

LMC
e

1.00 1.0
Filtered Quality —— Plummer Profile
Quality Stars : 0.754 Stars ---- Background Field
Filtered Quality Stars 0.8
0 0.50 &
@« g
= » 0B 065 2
< < O S
b= =000 . T =
] o] N
=) A 2
g
< <A a5 GEE A
5 o
z =
°
~0.50 ~0.50 &
0.2
—0.75 4 —0.75
~1.00 4 - ~1.00 0.0
100 075 050 025 000 —0.25 —0.50 —0.75 —1.00 100 075 050 025 000 —0.25 —0.50 —0.75 —1.00 10° 10!
A RA (deg) A RA (deg) Angular Separation (arcmin)
—15.0
23.0 : 1.0
Background Field
-
« In Aperture J— 1 2 .5
23.5 1 e Probable Member Stars
-
: —10.0
g -—
L]

-

S —-7.5

M, =-8.0, .
very large for its
luminosity

I (rhalf ~ 2.2 kpc)

—2.5

0.0

J. Carlin, DGSCS Chicago, July 2024

‘ 0.0

: A '&W L) L) L) L) L) LI | L) L) L) L) y I L) ll l:
- @ NGC 253 X 7
: X CenA A X :
[ MADCASH-1/DD044 (NGC2403) % q % 3
[ MADCASH-2 (NGC4214) A xX ]
: ‘ Antlia/AntliaB (NGC3109) X :
L NGC 55-dwl p 4 * |
E A X i e
’ 'l;!' A Dok A ;
B i 3
B & [! , @ 5
: A R :
E ™ “ A 5
" AA%a AL Ay n A ;
A A ;AA AA A A !
" A A A A o
A LA ]
[ a 1
n A 4 a4 s a4 a4 s s a4 l s b s s s s s 4 . l-

1, (pc)

McNanna+2024 (ApJ 961, 126)

1000

Acronyms & Glossary: ls.st/glossary



https://www.lsst.org/scientists/glossary-acronyms

VERA C.RUBIN
OBSERVATORY

Most of these Local Volume dwarfs are discovered
from the ground, but require space-based follow-up
to confirm+characterize. How do we deal with this in

the LSST era?

J. Carlin, DGSCS Chicago, July 2024 Acronyms & Glossary: ls.st/glossary
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Detecting
“partially -

R o B

resolved” dwarfs 22k S D ‘
[ ]

ongoing work (with Peter « vl M
Ferguson — see his Y ;
poster!): IR 15 g
1. inject dwarfs into "oa ¥ ]
Subaru+HSC images N}fj E

2. train an RCNN to E,I?}‘m | . -

identify them e
3. (search for dwarfs :
over the full LSST

footprint)
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Detecting
“partially
resolved” dwarfs

ongoing work (with Peter

Ferguson — see his

poster!):

1. inject dwarfs into
Subaru+HSC images

2. train an RCNN to
identify them

3. (search for dwarfs
over the full LSST
footprint)

I
-

recovery rate at two distances:
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e
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0.0 £50 175

2.00 2.25
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Recovering fainter, and more compact,
dwarfs than matched-filter detection!

J. Carlin, DGSCS Chicago, July 2024
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Expected proper

motion precision:

r

o
~ - I
c D5S-POSS _ _ . -
\ - -
gE; _F proper motion| {
- ,/"/1’— gia | |-
10 o]
(& e S e e
12 14 16 18 20 22 24

Eyer+2012, IAUS 282, 33

Proposal: improve LSST proper motions by using DECam
data as baseline (A. Drlica-Wagner, G. Bernstein, et al.)
e Provides high-precision proper motions early in the
survey (possibly DR1 or DR2)
e Longer baseline significantly increases the precision

Median g, (mas/yr)

J. Carlin, DGSCS Chicago, July 2024
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e e subtraction for LSB science
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LSST will identify RR Lyrae beyond the MW

MOSt,MW dwarfs have RR Lyrae (e.g,, virial radius, over ~20000 deg? of sky
Martinez-Vazquez+2019, MNRAS, 490, 2183): — T Z
- PS1 E
Rubin Observatory
eom— IogNRRL =-0.29 My -0.80
® MW 104 E
4 | —
0 : r:zllated 0 @ D:sve
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— 1031 O
g %O 103 s
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51021 & :5
= O
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J. Carlin, DGSCS Chicago, July 2024 Feng+2024, ApJ, 966, 159


https://www.lsst.org/scientists/glossary-acronyms

arr [PC])

log,(r;,

./F\-\%. 410
ey RR Lyrae as satellite beacons |
MW dwarfs at D>100 kpc can be reliably identified as

groupings of 2-3 RR Lyrae (within some “linking

area [dcg2 |

length” of, e.g., 500 pc; Baker+Willman 2015, AJ, 150,

160). (See also Sanderson+2017 MNRAS, 470,5014.) 107}
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For an example of a
dwarf (Leo V; d~170 kpc)
identified via RR Lyrae,
see Medina+2017, ApJL,
845, 10.
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-~ Unresolved or partially
veracruein - resolved LSB galaxies

e | SB galaxies in DES -

e Local Volume dwarf (M, <-9) satellites using
data from DECam, CFHT/Megacam
Subaru/HSC --

Greco+2018 (ApJ, 857, 104);

; Carlsten+2020 (ApJ, 891,
144); Carlsten+2020 (ApJ, 902, 124);
Carlsten+2021 (ApJ, 908, 109); Carlsten+2022
(ApJ, 933, 47; ELVES)

® SAGA - spectroscopically confirmed dwarf
(M, <-12.3) satellites of 100 MW analogs -
Mao+2021 (ApJ, 907,85); Geha+2017, (ApJ,
847, 4)

J. Carlin, DGSCS Chicago, July 2024
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Pavo: a blue, star-forming,

XPavo
v Tucana B

gas-rich, isolated dwarf at D~2 Mpc | =7

-10} v Antlia B

Jones+2023 (ApJL, 957, 5)
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