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Near-field cosmology with resolved-and-unreselved stellar
populations around low-mass Local Volyme galaxies
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Aquarius simulations — Springel+2008, MNRAS, 39J

(Sub)substructure —
structure formation is
essentially scale-free
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LMC/SMC satellites?

Satellites discovered in DES are not isotropically distributed
—> associated with Magellanic Clouds?*
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* see, e.g., Deason+2015; Drlica-VWagner+2015;
Koposov+2015;Yozin & Bekki 2015; Jethwa+2016; Sales+20 |16
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Do Local Volume ~SMC/LMC stellar mass dwarfs host their own dwarf
galaxy satellites (and if so, what are their properties)?

NGC 3109 and NGC 2403 now have confirmed satellites — more soon!

What do dwarfs-around-dwarfs tell us about fundamental galaxy formation
physics!?

Number distribution and properties (luminosity function, total mass, metallicity,

etc.) tell us about competing effects of galaxy formation efficiency, reionization,
and environment.

What is the impact of environment on dwarf galaxy formation?

Do dwarf galaxies have stellar halos? Is there appreciable stellar
substructure (i.e., satellite remnants) in the halos of LMC analogs!?

MADCASH survey observations of Local Volume galaxies will

brovide systematic measurements of stellar halos and dwarf
satellites in sub-MW environments.

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018



Stellar mass vs. distance; Local Volume galaxies
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*Data from Karachentsev+2013 Local Volume galaxies catalog, available at: https://relay.sao.ru/lv/Ivgdb/, plus

more recent MVV dwarfs J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018


https://relay.sao.ru/lv/lvgdb/

MADCASH observing program

Distant, > SMC
stellar mass

sub-SMC
stellar mass

Galaxy M. (10° Ms,,) D (Mpc)
NGC 4214 |.0 2.9
NGC 404 18 30
NGC 300 2.6 2.1
NGC 55 3.0 2.1
NGC 247 3.2 3.7
NGC 4244 3.3 4.0
NGC 4449 4.8 3.9
NGC 2403 7.2 3.2
Sextans A 0.3 |.3
Sextans B 0.6 | .4
IC 1613 |.2 0.73
NGC 3109 3.7 |.3
|C 4662 4.9 2.4
|C 5152 52 2.0

Subarut+HSC: 5/7 fields; ~69% of virial volume

Subaru+HSC: 3/7 fields; ~50% of virial volume
Subaru+HSC: 2/7 fields; ~45% of virial volume

Subaru+HSC: ~| 3 sq. deg.; 7/7 fields

CTIO+DECam: ~27 sq. deg.
CTIO+DECam: ~12 sq. deg.; 4/9 fields
Subaru+HSC.: 4 fields; ~7 sq. deg., 6% of volume

CTIO+DECam: ~40 sq. deg.
CTIO+DECam: ~18 sq. deg.; 6/7 fields
CTIO+DECam: ~6 sq. deg.; 2/7 fields

M*,LMC ~ 26X I 09 MSun . M*,SMC ~ 7 IX I 08 MSun

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018



21 - -

Stellar substructure (tidal remnants) in PISCeS: .|

Resolved substructure around Centaurus A
(D~3.7 Mpc): Crnojevict+2016,Ap), 823, |9
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Dwarfs around dwarfs with CTIO/DECam: NGC 3109

A eSSl NGC 3109: Mv ~ -15 dwarf
R . e (Mqear ~3x108 M) at 1.3 Mpc
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Dwarfs around dwarfs with CTIO/DECam: NGC 3109
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Magellanic Analog Dwarf Companions
And Stellar Halos (MADCASH) survey:

* Ongoing Subaru+HyperSuprimeCam (HSC) and DECam program

» 7 galaxies with ~LMC stellar mass (M, = 1-7 x 107 Mg,
between 2-4 Mpc of MW

* 6 sub-SMC stellar mass galaxies at D<2.5 Mpc

* 56 point source depths: g~27.4,i~26.2 (~1.5 mags below the
TRGB at 3.2 Mpc)
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Subaru/HSC observing plans/progress
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SDSS vs. HSC







New dwarf galaxy near NGC 2403
(D~32 MPC, M ~ 7X|O9 MSun; ~2.5 M*,LMC)

MADCASH ]074238+65250 1 -dw
M\/ —~ -77

size: ~200x70 pc
R~35 kpc from NGC 2403

#, MADCASH-dw| background
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* Carlin et al. (2016),Ap]L, 828, 5
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Properties of MADCASH-1 in
comparison to Local Group dwarfs

Parameter

Value

RA (hh:mm:ss)
Decl (dd:mm:ss)
m — M (mag)
D (Mpc)

My (mag)

My (mag)

rn (arcsec)

™ (pc)

€
0 (deg.)

to (mag arcsec_Q)
Mstar(Me)
Mur/Lv (Mo /Lo)
Mur(Mo)

SFR (Mg /yr)

07 : 42 : 38.887 & 2.6"
+65:25:01.89 & 3.2"

27.65 = 0.26

3.39 = 0.41

—744+04

—7.7x£0.7

10.2 £ 3.0

168 =70

< 0.42 (68% CL)

29° (unconstrained)

25.9 £0.7

~ 1 x 10°

< 0.69

< 7.1 x 10*
<4.4x107°

e MW dwarfs = v& Ak _

_15L A M31 dwarfs A

i NGC2403—-dw HIl = ]

DDO44 *% o

m NGC3109 association ?i_. A

8‘ —10_—
E _
> -
2 -
-5
5 i

Faint (My ~ -7.7) companion of LMC analog NGC 2403, with old (>10 Gyr),

metal-poor ([M/H] ~ -2) stellar pops, no appreciable HI or UV emission

* Carlin et al. (2016),Ap]L, 828, 5
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New dwarf galaxy near NGC 4214!
(D~29 MPC, M ~ IXIO9 MSun ,~O4 M*,LMC)

MADCASH ]x00000¢H0ooo0ck-dw
My ~ -8.5(?)

Mhalf = 200 PC
Rorei~70 kpc from NGC 4214

proj

background

% preliminary

0 2 3 -1 0 2 3 -1 0 2 3

1 1
(9—i)o (9—i)o

1
(g—i)o

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018




Density of RGB
stars around
NGC 2403

-- Disrupting
dwarf satellite
with Leo |-like
luminosity

(0 — 50) (deg)

10,0 20 1.5 1.0 0.5 0.0 —05 —1.0 —1.5 —2.0
L. (@ — ) (deg)

Carlin+2018, in prep. >k**l:) re I | m | Na r)l!

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018




IC 1613

~ 0

K

Evidence of
an extended

stellar
component

prel

111

*work by Ragadeepika

Pucha et al.

in prep.

’

Radius in arc-minutes

Radius in arc-minutes

9% 3
B BRI S e o o o o i S i S i S i e Uh S o o o S o S B 5 AN S o o e mn o e o e e o e o LA A an o o o o o B o B o i o e o o i o o e o
o - 4 4
- E J 4+
- 4
- L J R B
— —— —— 12
- L J + R
b B3 4
- KR 4 R
o - 4 4
— —— e al ll
o g [ + B
3 R 5 4 e
)
b 4 2 4 K g
o R + b
— - —— I.O
- * R < 4 " K
L LN L | LN
o — 4 m + 2 R
3 L + “
—
- — e el -
. < — 1 < — ' > —_ )
: ) L C) i ¢ .
3 r . - T r 1
- E 5 + R
s 0aasalasasblassalaasabasaalassatlaasalasaals T PTTEY PP PPTYY PTETT PRYTY Prrrd T Y PTTs FTTTE Prred PreY FreTs Frerl PTTrs PRTes P ()
O © =~ N M € N W N Ty M N M T NN ©W O~ o0 A N M g n O 0~
— ™~N ™~ ™~ ™~ ~N ™~ ™~ ™~ N ™~ ™~ ™~N ™~N ™~N ™~N ™~ — ™~ ™~ ™~N ™~ N ™~ ™~ ™~N
! I !
L LJ 1 ) L} L) L) L} L} L)
m 17 e e o
ok = " ok ———— ok "
———— .
- L “
1. - = Fr— —
-_—-m—— - e
— T —.
.}. - 0 v|.l_o » v~ 0
[ —— H™M —— ™M
B ———— w — w v ey L
ok - 1 o of e v v} - ————
= 5 = 5 —————]
L = —— e— —- ———— &
8 Lo —— £3§ = e
< - - IOmm e oY £ | — 0
) e N®D v, : 5 No »n, e —a——N
.md.- 0.'.0. m.m - rl|0|.|0]l m.w = s
- g T
) “w o “w o
« g EX: =5 ER- e
ot © H\%')L ° ey
" © . o y
4 lo= . & lo= ") lo
~NE ol ~NE lho. - ~NE "o ~
- "v’l e < — .
P - == |
————v— > .
(=] -“1O (=g 5 e [=] [« 5 -«
A A A A A A A A A
— M= = 5 : . = = 5 00"z & t
= = o o B e o o B B o o
— — S - - - i
G nu-2ue asenbs Jad siels Jo JaquinN w-2Je aJenbs Jad siels Jo Jaquinn H InuIW-2Je aJenbs Jad sJe3s Jo JaquinN
O ' ' ' 12 M ! ' P ' .w ! ! M ! ..w
™ o
. e . il
. ) -
o: )
49 49 49
m m - T m
w v -
ok v OF 9 of =1
‘ m m -
v s v
g o Y £y £y \
X H.W. | E x E x .w.?.
c : H & VI - >
€ 8 lo¥ £ lo ¥ £ M lo
“ £ NT W Nao w .VH..! ~N
St - c 2<F AN St .
= - £ 3 iy £35S L
© o ™ - O - O
9 - w a LN w o .
3 s A" - S S
"N © lil ©
.\ AOR l- IOR I~ Ao
~N- F -4 NP W -~ N+ L -* ~-
.. - { .0;..’: -
- . - ¥ L e o
o e —
o O T | .Wul. o R
C ok 4o oF = Oa 4o
A L L A A A A A A
M 3 3 3 p i S 3 2 p T 3 2 p T
. . — o o — — — o o — — o o
— — - . el -
InuIw-2ue asenbs Jad siels Jo JaquinN anuIw-2Je asenbs Jad siels Jo JaquinN anuiw-2Je aJenbs Jad siels Jo Jaquinn
"~ r
LN —



How many satellites do we expect to find around
isolated LMC/SMC stellar-mass galaxies!?

[Dooley+20! 7(MNRAS 471, 4894)]
2o T e s ne

Brook + Reion

SokG M otk
NGC 4214
NGC 404
NGC 300
etk Mook
NGC 55
NGC 247
NGC 2403

I O
|.8
2.6
2.6
3.0
3.2
7.2

I 4
2-5
2-5
2-5
2-6
2-6
4-8

Note: M«=10° Mg, 2 My ~

-7.2

see also Dooley+2017 (MNRAS, 472, 1060);
based on Caterpillar simulations (Griffen+2016,Ap], 818,10)

SMC LMC
gl — GK14 + Reion Within Ry,
7 i GK16 + Reion

M, >10°M g

/\4 I '
B3 e
Z 9 | |
1 ' I
0 : .
8 . Within 100 kpc
L7 ! M, >10°M4
= 6] I I
EE i i
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Z 9 | i
1 .
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DM33 =794 kpc

How many satellites do :
we expect to find around

M33 (M* —~ M*,LMC)?

Patel+2018 (MNRAS, submitted):

total number of observed satellites

ACDM predictions: -

~4 satellites with M« > 0> Mg,
and ~1 | with M« > 103 M.,

(only | possible M33 sat. known
—And XXII; M« ~ 4x10% My,,))

Using method of Dooley+2017(MNRAS, 471, 4894)

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018
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The Large Synoptic Survey Telescope

will again revolutionize our picture of our own cosmic backyard

i
il

I
|

T ‘
I

he LSST system will include:

i) an 8.4-meter optical telescope, a 3.5-degree diameter field-of-view, a
3.2 billion pixel camera, and 6 broad-band, optical filters that will
observe more than half the sky hundreds of times over 10 years

(ii) a data facility that will process, archive, and distribute survey images,
associated transient alerts, and calibrated catalogs.

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018



Volume (kpc?)
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Figure: Keith Bechtol

LSST will open ~1,000 times the volume for studying the
Local Universe with resolved stars compared to SDSS

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018
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*Data from Karachentsev+2013 Local Volume galaxies catalog, available at: https://relay.sao.ru/lv/Ivedb/, plus

more recent MVV dwarfs

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018
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Stellar mass vs. distance; Local Volume galaxies
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*Data from Karachentsev+2013 Local Volume galaxies catalog, available at: https://relay.sao.ru/lv/Ivgdb/, plus

more recent MW dwarfs J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018
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Summary -- Magellanic Analog Dwarf Companions
and Stellar Halos (MADCASH):

We (Carlin et al. 2016) have discovered the faintest dwarf galaxy

companion of an LMC-mass host in the Local Volume -- MADCASH
J074238+652501 -dw.

Many more dwarfs-around-dwarfs are likely to be discovered soon.

Still to come:

* Systematic search for overdensities of resolved RGB stars in LMC-
mass galaxy halos
* (Resolved) surface brightness maps, halo density profiles

* Explore as a function of environment
* Interpret in context of predictions from cosmological models

* LSST!

J. Carlin, Near-field Cosmology with the Dark Energy Survey's DRI and Beyond, Chicago, June 2018



(Possible) future avenues (with DECam and/or
other instruments):

Bright dwarfs may be visible around Local Volume

hosts in DES
Unresolved, low surface-brightness systems

For cosmological context, need (poorly known)
host masses — use globular clusters as mass tracers
Spectroscopic follow-up of newly-discovered
resolved/unresolved dwarfs!?



