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Mexranaktmndeckme obnaka Hl BcTpeyatoTCa NUCKAIOYUTENIBHO BO
B3aMMOOENCTBYIOLWNX CUCTEMaX raJlakTUK (pexxe- B CKOMJIeHNAX)
, W X Macca NpakTun4yeckn HMKorga He npesbliliaeT 1079Ms

(no o63opam Arecibo n HIPASS). OgHako,

e ...the existence of dark matter substructure with masses below
those of observed dwarf galaxies is a postulate of the standard
galaxy formation theory. It appears therefore conceivable that
dark galaxies exist, which, below a certain mass threshold cease
to form stars completely.

* None of the sources has been found to lack any stellar
counterpart (kpome AByx HeboJibLLINX 00J71a4KOB B OKPECTHOCTMU

Virgo cl.)



* In this paper, we report the discovery of a massive Hi
cloud that does not appear to have any star formation
history, located in a filamentary large scale structure, and
in close proximity to a galaxy group.

* This study is based on the survey pilot, which targeted a 10 deg?2
cosmic filament at redshift 0:025 < z < 0:034 (MeerKAT SKA
Precursor)



4 J6zsA ET AL.

® Group 83
@® CompactGroup |
. . O N=5group
-33°30 © N=3groups -
9 =2 yroups
@ Non-grouped I
e 8386 - 9386 km/s

45

-34°00"

Declination (J2000)

LD

22“59'" 58™M 57™ 56M 55m 54M 537 527
Right Ascension (J2000)

Figure 1. The immediate environment of the dark chain within the 0.025 < z < 0.034 redshift range, highlighting different groupings of objects
in the filamentary structure. The greyscale image is the H1 moment-0 map whose column density ranges between 1 to 25 x 10" atoms cm™, the
dark cloud chain is the most massive gas complex in the region. The black points denote GAMA Group 83, a N = 18 group with zgr = 0.02891
(8667 kms™ 1), where the yellow circle (centred on the group) is 0.26 degrees, ~0.56 Mpc radius, which corresponds to the Ryg of Group-83.
Galaxies with velocities within £500kms™' of the dark chain (8886kms™!). Labels I-X indicate the position of galaxies in the projected
proximity of the dark H1 chain (9'~320 kpc) as discussed in Sect. 3. See Table 2 for additional information.
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Figure 2. Observed H1 data cube in the region and velocity range of the dark cloud chain. Contours denote the -0.38, 0.38, 0.76, 1.52, and 3.04
mly beam™ levels (-2, 2, 4, 8, 16 0ps), negative contours are dashed. White crosses mark H1 detections (labeled a-g; see Table 3). The black
circle in the lower left of each panel indicates the spatial resolution (HPBW). The scale bar indicates 200 kpc. The massive central concentration
(Source b) has a peak intensity in the second velocity channel (8916kms™).
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Figure 3. Dark cloud chain as seen across the electromagnetic spectrum. The four panels show the H1 column density map (upper left; 8817—
8931 kms~! with rms noise ~ 0.9 x 10' atoms cm=2), KiDS g,zi-bands (upper right), WISE 3.4-12 um bands (lower left) and GALEX NUV
(lower right). Contours of the H1 column density are overlaid on all four maps, with values of 3, 5, 8, 14, and 23 x 10! atoms cm™2. Red/white
crosses demark H1 detections (labeled a-g; see Table 3), and the small circles denote filament galaxies as marked in Fig. 1 (blue is non-group;
black/white is Group; green are galaxy pairs). The closest Group-83 galaxy to the H1 is labeled 7 (z=0.02805/8415 kms™!), just west of the
massive gas complex. Other nearby group galaxies are labels IT (z=0.0286/8580 km s~ ") and I1I (z=0.0292/8760 km s™!). The central H1 source
(Source b) is not detected in any band.

* The total mass of the dark cloud chainis 10710
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Figure 6. Central concentration of gas in the dark cloud chain shown in Fig. 3ab. The image shows the KiDS g,ri-bands (blue, green, red),
overlaid with contours of the H1 column density: 3, 5., 8, 14 and 23 X 10" atoms cm™2. White crosses demark H 1 detections for Source (b)
and Source (c). The closest Group-83 galaxy to the Chain is labeled I. There are no clear optical associations with the densest gas in the entire
region (Source b). However for Source (¢) we do detect a small “blue” dwarf galaxy; see Fig 7 for a detailed view of Source (¢).



O6bnako (C)

[f we thus consider this to be an association, and adopt the
distance of Source (c), the optical r-band luminosity would
be 10839L,. The corresponding H1 mass for this source is
10%15 M, (see Table 3), which would then imply a My,/L, of
~8. This is a plausible ratio (although on the high side) for
dwarf and star-forming galaxies (Staveley-Smith et al. 1992;

- e »
gas-to-stellar mass ratio (MHi/M) is « 40"==24kpc

vhich is well gbovg the tYplcal scalmg relatlops == Figure 7. Close view of Source (c¢) with KiDS r-band imaging. As
nearby galaX|eS' with ratios 1 (see €g. Naluminsa et al. in the previous figures, the H1 contours (red) indicate the gas distri-

1)- bution, with the (c) concentration in close proximity to the optical
galaxy. Shown in the lower right is an inset image of a zoomed
view of the optical source (with colour transform “viridis™), located
at (deg J2000) 344.03668 -33.961783. The white contours, ranging
from 25.8 to 22.5 mag arcsec™2, delineate the low surface brightness
“tidal tail” extending to the eastward toward the massive dark cloud
core.



Src Wao Teax Fioy Dy LogMy,
— kms™' 10 cem™ Jykms™' Mpc Mg
(a) 106 8.77 0.200 126.6 8.88
(b) 139 26.26 1.353 125.9 9.70
(c) 105 16.05 0.374 126.4 9.15
(d) 132 10.98 0.357 125.5 9.12
() 86 7.32 0.181 126.3 8.83
(f) 110 8.85 0.151 126.1 8.75
(& 135 8.18 0.189 1249  8.84



Pe3ioMe

* We identified a ‘chain’ of H i emission with a total H |
mass of 10710 Ms that did not have optical
counterparts. Further investigation, using deep
ultraviolet, optical and infrared imaging (GALEX, and
WISE, respectively), reveal this gas chain to be
extremely dark: there is no emission from stars or star
formation in proximity to the dark chain, Most notably is
the massive central source, with 1079.7 Ms in neutral
hydrogen within 50 kpc diameter, implying an extreme
gas mass-to-light ratio.

O6s1ako - Ha paccTtosaHunn 400 KMC OT UEeHTpa rpynnbl B
OCHOBHOM M3 rajlakTUK paHHero tuna, 6enHbIX
rasomMm.HeT BpaLleHud. [1na rpaB. CBA3AHHOCTM
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