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What are dark galaxies? consist almost of DM,

with little or no star

Observational aspect s

- Several candidates for dark galaxies: viRGOHI21 (Minchin et al.
2005), Dragonfly 44 (van Dokkum et al. 2015), AGESVC1 282 (Bilek et al. 2020),
AGC 229101 (Leisman et al. 2021) and FAST J0139+4328 (Xu et al. 2023)

Dec (J2000)

- However, their existence is still under debate:

intergalactic gas clouds? tidal debris? ram-pressure remnants? 39m45° 30°
Xu et al. 2023 RA (J2000)

Theoretica aspec+

- Some researches have already predicted the existence of dark galaxies:
Jimenez et al. 1997, Tretham et al. 2001 and Verde et al. 2002

- Despite these predictions, there has been a lack of studies focusing

on characterizing the properties of dark galaxies.
Benitez-Llambay et al. 2017 7
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Why [llustris-TNG?

- Large, cosmological magneto-hydrodynamical simulations of galaxy formation
- Pros: Easily identify true dark galaxies & Ability to trace the cosmic history
- Cons: Limited resolution & Dependence on subgrid models

TNG50 TNG100  TNG300
Volume [Mpc®] | 51.7° 110.73 302.6°
Fiszs [Mpc/h] | 35 75 205
Ngas - 2160° 18202 2500°
Npm - 2160° 1820° 2500°
Ntr - 2160° 2 x 1820°  2500°
Mbaryon ~ [Mo] [85x10%] 1.4x10® 1.1 x 107
mpm [Mg ] 4.5x10°) 7.5 x 108 5.9 x 107 Q
Enissanin [pe] 74 185 370 P
Bl [pe] | 288 740 1480 §

We useo TNGHD
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Sample Selection

Definitions for luminous / dark galaxies

Luminous galaxy

Dark galaxy

4

AY4

A\

Star-rich galaxy

Star-poor galaxy

Starless galaxy

M x

10 Mtot < Mx

0 < Mx < 10™* Mot

Mx =0

Mobwm

All galaxies have similar DM halo masses ~ 10° h" Mo

#sample

14,206

19,245

1,318
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1. Gas properties
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1. Gas properties
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2. Environment (spatial distribution)

At the present day

§ E p'Ks(Slur-poor&lrich) < 0.001
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2. Environment (spatial distribution)

At the present day

When they formed
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This could play important role in subsequence evolution.
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3. Internal properties
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3. Internal properties
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3. Internal properties

slower mass growth dark matter gas star
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slower mass growth
in dark galaxies
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3. Internal properties
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Summary & Conclusion

Using TNG50, we investigated dark galaxies and compared their various properties to those of luminous galaxies.
Our key findings include:

1)  Distinct properties at Present Day (z=0)
Dark galaxies are predominantly located in void region, and usually larger in sizes with higher spin parameters, compared to
luminous galaxies. They have a lack of star-forming gas.
2) Inherent Differences from Early Universe (z~11)
Even in the early universe, the differences between them still existed, suggesting inherent differences from their formation.
3) Impact of Environment on Evolution

The differences between them become more significant as they evolve in the different environments. Dark galaxies remain
isolated, while luminous galaxies experience much frequently mergers.

4) Role of Cosmic Reionization

Heating from CR can suppress star formation, significantly influencing the formation and evolution of dark galaxies. However,
we note that the limitations of simulations can oversimplify the effects of CR, impacting accuracy.

These results can contribute to our understanding of galaxy formation and evolution, and provide some
hints for finding dark galaxies in the observable world.

ApJ, 962:129
(Published 2024 February 14)
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Resolution of the TNG simulation

TNG50  TNG100 TNG300
Volume [Mpc?] 51.7° 110.73 302.63
7 [Mpc/h] 35 75 205
Ncas - 2160° 1820° 25002
Npwm - 21603 1820° 25002
Ntr - 2160° 2 x 1820°  2500°
Mbaryon  |[Me] 85x10* 14x10° 1.1 x 107
mpm [Mg | 45x10° 7.5%x10% 5.9 x 107
R [pc] 74 185 370
EDM. % [pc] 288 740 1480




# of galaxies

0 10* 10° 108 10191012
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Figure 1. 2D histogram of galaxies at z = 0 in terms of their
stellar masses and total masses, showing the classification of
galaxies. The color indicates the number of galaxies within
each bin. A white dashed line is a criterion for distinguishing
luminous and dark galaxies. The gap between star-poor and
starless galaxies is a result of the resolution. The minimum
mass of star particle is around 10* A™*Mg at z = 0.
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Figure 2. Dark matter mass histogram at z = 0. The grey,
black, blue, and red colors correspond to the total, star-rich,
star-poor, and starless galaxies, respectively. The magenta
region highlights the selection area for mass completeness.
Our final galaxy sample contains 14,206 star-rich galaxies,
19,245 star-poor galaxies, and 14,318 starless galaxies.



Sample Selection T T T T S
105 3 [ Normal galaxies 3
E [ bpMD galaxies
Definitions for normal / dark galaxies a2 OF Sk 'DHO galexies 3
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van Dokkum et al. 2018




Gas Phase Diagram (Temperature—Density Diagram)

To get some hint for origin of dark galaxies, | plot the gas phase diagrams at z=0.

® Star-forming: cold and dense gas, adiabatic contraction? A

—T 10°° nn > 013 cm™ = stars are stochastically formed

Hot Medium (HM) -

e Halo Gas = cool gas in ISM (galaxy) + CGM (halo)

~N 0o
T

1074

< ® WCGM=warm CGM
shock heated and feedback processes near galaxies

D

/ /. AGr

~ o Diffuse IGM
The gas in this phase is located in regions whose over/under-density
evolves in the linear regime.

[ TNG100 — 2=0.0 Hydrogen can be either neutral or ionized,

3 —16 :4 :2 (') é 1077 < but helium and heavier elements are not completely ionized.

logp ny [em™] e WHIM = warm & hot IGM
Martizzi et al. 2019 contains ionized helium and heavier elements
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shock heated in the most massive DM halos
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Figure 3. Gas phase diagrams in a density-temperature plane, showing the gas distributions within different types of galaxies
(star-rich, star-poor, and starless) across various epochs (z = 11,6.5,5,2, and 0). The color represents the mass fraction of gas
cells in each bin. The cosmic reionization occurs at z = 6.
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Figure 5. Evolutionary history of star-rich, star-poor, and starless galaxies, in terms of mass (top row), size (half-mass radius;
middle row), and density (bottom row). Each row consists of three panels, addressing dark matter on the left, gas in the middle,
and stellar components on the right. The curves represent the median values with the shaded regions indicating the 1-o scatter.
Note that the curves and 1-o scatters are measured from the galaxies with positive stellar or gas mass.
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Figure 8. Merger history of star-rich and star-poor galax-
ies. The histogram shows the total number of mergers ex-
perienced by galaxies until z = 0. Note that only mergers
involving stellar systems are considered here.
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Figure 9. Fraction of satellite galaxies as a function of
time for star-rich, star-poor, and starless galaxies. The gray
dashed line represents z = 0, corresponding to the epoch of
cosmic reionization.
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Figure 10. Cumulative distribution function for the time
when the galaxies are first identified as SUBFIND groups.
The x-axis represents the age of the Universe on a logarithmic
scale.



