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ABSTRACT

We report on the results of radio observations in the 21em emission line of atomic hydrogen (HI of foer relatively isolated ultra-
diffuse galaxies (UDGs): DGSAT [ R-127-1. M-161-1, and SECCO-dI-2. Our Effelsberg chservations resulted in non-detections for
the tirst three UDGS, and a clear detection for the last, DGSAT 1, R-127-1 and M-161-1 are quiescent galaxies with gas fractions that
are much lower than those of typical lield galaxies of the same stellar mass, On the other hand, SECCO-d1-2 is a star forming gas-rich
dwarf, similar to two other field UDGs that have literature HI data: SECCO-dl-1 and UGC 2162, This group of three gas-rich UDGs
have stellar and gaseous properties that are compatible with a recently proposed thearetical mechanism for the formation of UDGs,
based on feedback-driven cutflows. In contrast, the physical characteristics of R-127-1 and M-161-1 are puzzling, given their isolated
nature. We interpret this dichotomy in the gaseous properties of field UDGs as a sign of the existence of multiple mechanisms for
their formation, with the formation of the quiescent gas-poor UDGs remaining a mystery.
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Fig. 1. HI spectra of four ssolated UDGs, obtaned with the Effelsberg
radictelescope, From top to bottom, the panels correspond 1o DGSAT 1,
M-161-1, R-127-1, and 5dI-2. The first three spectra are noa-detections.
Sdl-2 is instead clearly detected in the last spectrum. The black solid
line is the hest fitting generalized basy function profile (Westmeier el
alJ 2014, In all spectra. the short vertical lines denote the expected sys-
temic velooity range from prior optical redshift messurements.
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Fig. 2. Position of isolated UDGs on the stellar mass—gas fraction plane.
The large symbals commespond to six known isolated UDGs, four of
which huve been observed in HI as part of this work {see Table [T, Ked
sqquares -correspond o Hl upper limits, while blue circles correspond
1o HI detections. The solid contours represent galaxies detected by the
ALFALFA blind HI survey (40% cetalog; Haynes el al] ZOTTL Sel-
lar masses for ALFALFA galasies hove been estimsted based on SED-
fitting of pipeline SDOSS photometry (Huang @ all 2O, The lowest
contour encloses 95% of the ALFALEA detections, and each successive
contoor encloses 153% less, The dotted contours represent LSB palax-
ies in the ALFALFA survey, with reprocessed SDSS photometric data

from the MIHAD simulation sample {-"ﬂu’;m'g &1 i@g& s presented in
[ Cimtio et all (2007, Those with an orange filling represent the most
extended ohjects (ryy = 3 kpel Please refer o Soc, E fior the scientific
interpretation of this figure.

CyLLEeCTBYIOT pa3/inyHble MexaHn3mbl oopmmnposaHna UDG?



(ALMOST) DARK GALAXIES IN THE ALFALFA SURVEY: ISOLATED H1 BEARING ULTRA DIFFUSE
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ABSTRACT

We present a sample of 115 very low optical surface brightness, highly extended, Hl-rich galaxies
carefully selected from the ALFALFA survey that have similar optical absolute magnitudes, surface
brightnesses, and radii to recently discovered “ultra-diffuse” galaxies (UDGs). However, these systoms
are bluer and have more irregular morphologies than other UDGs, are solated, and contain significant
reservoirs of Hi1, We find that while these sourees have normal star formation rates for H1 selected
palaxies of similar stellar mass, they have very low star formation efficiencies, We further present
deep optical and Hi1 synthesis follow up imaging of three of these H -bearing nltra-diffuse sources.
We measure H1 diameters extending to ~40 kpe, but note that while all three sources have large
H1 diameters for their stellar mass, they are consistent with the H1 mass - H1 radins relation. We
further analyze the H1 velocity widths and rotation velocities for the unresolved and resolved sources
respectively, and find that the sources appear to inhabit halos of dwarl galaxies, We estimate spin
parameters, and suggest that these sources may exist in high spin parameter halos, and as such may
be potential H -rich progenitors to the nltra-diffuse salaxies observed in cluster environments,
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B3dann 3a ocHoBy ALFALFA 1 SDSS

CocTtaBun BbI6OPKY U30/IMPOBAHHbLIX YNbTpaanddy3sHbix ranaktuk ¢ Hi:
30 ranakTuk, yaoBfeTsopaowmx 6osee cTporum Kputepmam otbopa
115 ranakTuK B paclUMpPeHHO BbIGOPKE

BbI60pKN aHas1ornyHbl n3sectHbiIM UDG no maccam, NOBEPXHOCTHOW SIPKOCTU U paanycam
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Figure 6. SFR versus stellar and H1 mass of the HUDS-BG galaxies (vellow dinmonds), plotted against the fall Hooog o al
[20012) sample, The star formation rate of thess sources seems tvpical of H 1 selected sources of the given stellar mass, bt low for
galaxies with the given H 1 mass, SFRs are taken from Hosog or ol (2002}, and are caleulated by SED fitting to GALEX+5SDSS
UV broadband data. The dashed lines represent the fitted trends from Hoang of ol (20012). The three HUDS with follow up
observations are shown by pink circles,

CyLlecTBeHHO 6osiee ronyoble, ¢ 6onee npperynsapHom
Mopdposiornen, yem HemsonmposaHHble UDG

Temn 30 — TUNWYHBIA ANA UX 3BE3[HbIX Macc, OAHaKO
M_HI/M_stars nosblLleH
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Figure 3. Hi colnmn density contours at 2, 4, 8, 16, 32, and 64= 10 atoms am ™= overlaid on color optical images and moment
1 velocity maps for theee HUDS, AGC 219533, 122966, and 334315 from left to right. For AGC 219533 (far left) the H1 data
is VLA Crarray and the optical data is from SDSS5; the others have Hi data from WSRT, and optical data from pODI on the
WIYN 3.5m. The optical emission is blue, diffuse, and shows irregular morphology. The H 1 is resolved even at this low physical
resolution, is significantly extended relative to the diffuse optical emission, and shows evidence of ordered rotation. RA and Dee
are in J2000 coordinates

3 ranaktukm otHa6moganm Ha VLA n WSRT.

[poTaxeHHble guckn Hi

CKOpOoCTK BpalleHns yKasbiBalT Ha TO, YTO ralakTUKN CUAAT B
«Kap/IMKOBbIX» Frau10, NPeano/1oXnTe/IbHO C BbICOKUM MOMEHTOM
BpaLleHus.
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