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Outline

 What are UDGs and their properties

 \Where can we study them (observations & simulations
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van Dokkum+ (2015)
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Discovery of UDGs
(or rather defining)

IlII\IIII
Just some LSB galaxies (Ssandage et al. (1984)) mumm —+—

Milky -“Way:--disk

Until UDGs were detected in large numbers in the
Coma cluster (van Dokkum et al. (2015))
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Interesting "'new objects” because of their size
(comparable to the MW) in large numbers!

u(g,0) [mag arcsec2?]

van Dokkum et al. (2015




Properties of UDGs

stellar mass: (107<) M.<10° Mo

halo mass: 1019« Mpaio<1012 Mo

suriace brighlness: dveae > 20 Ma arcsec:«
effective radius: Re > 1.5 kpc

Simard+ (2011)
Brodie+ (2011)
van Dokkum+ (2015)
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¢ van der Burg+2016 Romin & Trujillo 17b

*  van der Burg+2017 Mancera Pina+18

*  Impey 1988 ®  Jannsens+19

Yagi+2016 Bachmann+21
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¢ Muioz+2015 * El Gordo UDGs (this work)
¥ Romdin & Trujillo 17a ‘ El Gordo LDGs (this work)
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- diffuse and hard to study, but not rare, ~5% of all galaxies
(Jones et al. (2018), Li et al. (2023), Weaver et al. (2024))
- abundance scales with host halo mass (Lee et al. (2020))
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() UDGs sat TNG50

X UDGs sat in roo0 TNG50

> A370 (Lee+20)

<> AS1063 & A2744 (Lee+17)

$2 Coma (Yagi+16)

<] MENeaCS (vdB+16)

/\ GAMA groups (vdB+17)

gr Al68 & UGC842 (RT17a)

] Fornax (Venhola+17)

¥V HCG95 (Shi+17)

© HCGs (RT17b)

& KIWICS M (P+18)
1 . 5 wen N(UDGS) « (M200)0-97+0.07

A
g

0,° /B
s . OF R

& @0 AX
© OO XBX

12.0 12,5 13.0 13.5 14.0 14.5 15.0 15.5
log(M300) [Mo]




P P P P e

5 kpc

Properties of UDGS

log(M«/Mg)=8.21
log(rhx/kpc)=0.56

- diffuse and hard to study, but not rare, ~5% of all galaxies
(Jones et al. (2018), Li et al. (2023), Weaver et al. (2024))
- abundance scales with host halo mass (Lee et al. (2020))
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- mostly featureless (no bulge, no disk, no bar)
- sometimes some features: GC/UCD (central nucleus)

- well fitted by Sersic profile n~1 i ol I |
- types: cluster/satellites (red, no gas) OR field (blue, some NS

36 38 44
gaS) DiStance [MpC] Benavides et al. (2023)

- tigal diSl’UD’[iOﬂ SigﬂS dlre rare MATLAS-49 [dE] AGC242019 [UDG] NGC5846 UDG1 [UDG]
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Pathways of formation

Basic:
1. dwarfs that puffed-up
2. failed (large DM halos

Advanced (review: Gannon et al. :




Simulations

FIRE-2 simulation - UDGs match observed
properties

NIHAO simulations - UDGs naturally occur in
isolated dwart-sized halos

UDG cluster subpopulation in the RomulusC R AN DT Ty T
zoom-in simulation (Tremmel et al. 2019) © uoss

All simulated galaxies
8 Isolated UDGs (Rong+20)
) DGSAT | (Martin-Navarro+19)
“ [] s82 DG1 (Roman+19)

UDGs form through multiple intrinsic/extrinsic | 5 b tolated gaich UDGs (Mancera idas 20
: : s : : $2 UDGs Coma (van Dokkum+15
mechanisms In different environments in the £ Upoe virgs (Lm0

TNG50 simulation (Benavides et al. (2023)) 76 7.8 80 82 84 86 88

Benavides et al. (2023) IOg ( M * ) [ M © ]

UDGs in galaxy clusters in the TNG100
simulation also confirmed (Sales et al. (2020))



An outlier




An outlier - Nube

An example of a "too extended" U e ~ [ KpC

current simulations do not reproduce Nube

seemingly in tension with the C

DM model:

consistent with the fuzzy dark matter model

gm

speculated formation mechanisms: TDG and
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An outlier - Nube

An example of a "too extended" UDG (Re ~ 7 kpc)

current simulations do not reproduce Nube

seemingly in tension with the CDM model;
consistent with the fuzzy dark matter model

speculated formation mechanisms: TDG and
puffing-up

none of which was conclusive

(Montes et al. 2024)
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McConnachie+2012
Carlsten+2021 Field
Carlsten+2021 Satellites
Mihos+2015 (Virgo)

van Dokkum+2015 (Coma)
Iodice+2021 (Hydra I)
Nube

Montes et al. (2024)



Votivation

revious studies failed to replicate rare galaxies such as Nube using cosmological
nd zoom-in simulations (limited range of environmental effects, examined population of

DGs may be narrow

eemingly in tension with the cold dark matter (CDM) model; consistent with the fuzzy
ark matter model (Montes et al. 2024

alaxy formation mechanisms and evolutionary paths, probe the nature of dark matter,




The lllustrisTNG Project

TNG100 - balances volume and resolution

| 100 M pC

Nube-like galaxy would have about 250 particles

a galaxy of stellar mass similar to Nube can have

TNG100  TNG300

ts global (stellar) fundamental properties Volume  [Mpc’] 110.7% 30263
. . Ly ox Mpc/h 75 205
recovered reliably (Onions et al. 2012) Nexs e/t 19008 95008

Npum - 1820° 25003
Nrtr - 2 x 1820°  2500°
Mbaryon | Mo | 1.4 x10° 1.1 x 107
mpm [ Mg | 7.5 x 105 5.9 x 107
€gas.min [pc] 185 370
EDM .+ ' pc] 740 1480

https://www.tng-project.org/
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Nube-like galaxy



*  Nube-like
4+ Candidates

Sample selection

Z =1} | 100 105 110  1L5
10g(Mdyn[M®])

8 < log M. [Me] <9

G« Holknol « 8

09 Myas [Mo] > 8

09 Vldyﬂ Mo] >10 | %  Nube-like

upper 5% part of the mass-
size relation

(i.e., the most extended ones)
(Benavides et al. (2023))

9.5 10.0 10.5 11.0 11.5
log(Mdyn[MG])

*  Nube-like
4+ Candidates




TNG100-1 z=0 (id=149222)

Nube-like galaxy

Galaxy log Mayn log M, log My R, 20 uy(0) Age b/a
(logMo)  (logMy)  (log M) (kpc)  (Mopc) (magarcsec?)  (Gyr)
Nube 1042 +023 86+0.1 835+0.12 69+0.8 0.9 +£0.1 26.23 + 0.07 10.2 755 0.97 £ 0.01
ID149222 (10.12, 10.48) 8.39 8.17 6.72 (0.86, 1.53) ~ 26.3 7.479 ~ (0.758

Stellar v Luminosity [mag / arcsec?

-50 -25 00 2.5 5.0 7.5
x [kpc]

TNG100-1 z=0 (id=149222)

Tk

O
D)
n
(@)
—
©
~
(@)}
g
>
=
wn
@]
<
-]
—
>
—
@©
O
+—
n

vp« x,';rl
5 5

.3,3, 3 5.2

g
ST

N
',3; T
! 5

> :‘ .. B %
Ko LR e 0w ol Ve
(Cjina

e
%

: A ‘ uf“,-_,’ 7-}:,: )‘::%?\ ﬁw g’-_"‘;



Nube-like

ultra-diffuse most likely from its formation

mainly evolved quietly in isolated regions

interaction (7 Gyr ago) triggered star formation built up the
stellar component

last (major) merger (3 Gyr ago) - absorbed almost the
entirety of the stellar content of the secondary galaxy (only
6% of stellar mass formed after merger), enormous gas
content of the galaxy did not efficiently turn into stars (outer
layers being blown away in this violent process)

Re INnCrease: ste
being absorbec

lar particles from the secondary galaxy
. not the stellar content of the host being

puffed up initial

v (stellar particles slowly settle)

does not exhibit any distinctive tidal features or distortions
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*  Stars s Dark matter
o Gas Last merger

Lookback time [Gyr]




Nube-like

DM halo: log(Mpm [Me])= 10.47

NFW profile fits the dark matter protile well, with
the rs = 6.4 £0.2, Cooo = 9.2 £0.2 (C200 lOw, but still
within the expected scatter)

Rvir = 58.88 kpc (expected Rvir = 65.46 kpc -->
dark matter halo not in virial equilibrium, recent
merger)

formation pathway: higher-spin dark matter halos”
spin parameter (Bullock et al. (2001)) - typical
value

) Data
-- NFW

rs = 6.4 = 0.2 kpc

Co00 — 9.2 £ 0.2




L Imitations:

Particle mass resolution --> no resolved internal structure (stellar distribution, velocity
fields, or stellar orbits) or tfaint low-mass tidal features

Even detection of tidal features challenging (intrinsically faint luminosities and low
surface brightness

more massive galaxies are located at distances of 210.67 kpc, 724.25 kpc (closest
~ massive neighbour to Nube, the galaxy UGC 929, Is found to be at a distance of 435




Conclusions for Nube

multiple formation pathways can operate simultaneously: an already ultra-diffuse galaxy
can expand its size even further under favourable conditions

DGs may not the end product of a given galaxy evolution

on can certainl




Future work

Observations...

Qur contribution: exploring UDGs evolutior

- the creation and destruction (+timesca
- evolution pathways

IN simulations
es



lo be continued...
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UDG vs UCD i
spacial distribution

[ 1 Ultra-diffuse
[ 1 Ultra-compact
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