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Abstract

We have undertaken a study of the star formation history of 218 galaxies in the Hydra I

cluster with Hα-based star formation rates from measurements from the DECam camera of

the Vı́ctor M. Blanco 4-meter Telescope. We employed WISE infrared data as an indepen-

dent measure of star formation and stellar mass for these 218 galaxies. We classified the

galaxies as quenching, on the main sequence, or star-bursting based on trends observed for

AMIGA isolated galaxies. The spatial and velocity distribution of the 28 starburst galax-

ies show a possible link between the large scale structure feeding the Hydra I cluster and

their heightened star formation activity. Finally, the 17 starburst galaxies with neutral gas

measurements from MeerKAT show disturbed HI disks that suggest an environmentally-

triggered boost in star formation within the last 107 yr. Processes such as ram pressure

stripping or tidal interactions may underlie this anomalous triggering of star formation.

1 Introduction

The question of how environment affects galaxy evolution and contributes to the halting of
star formation still evades a conclusive answer. We need statistically relevant studies on how
environment promotes quenching as a function of stellar mass in dense environments. The
Hydra I cluster is an ideal laboratory for the study of star formation quenching modes in
dense environments such as galaxy clusters. Hydra I has been observed to be relaxed [3]
yet undergoing active processes of assembly and accretion of new galaxies from the filaments
that connect it to other clusters in the Great Attractor superstructure [2]. This means that
Hydra I hosts a combination of recently infalling and relaxed galaxies that can offer insight
on star formation quenching pathways.
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2 Star formation rates

We have selected 218 galaxies from the Hydra I cluster within the velocity range v ∈
[2000, 6000] km/s. That is, a velocity distribution of 3σHC [6] (σHC = 620 km s−1 [14])
around vHC = 3597km/s (assuming zHC = 0.012 [6]). Our sample has both Hα and IR mea-
surements from the DECam camera and the WISE survey, respectively. We refer to these
218 galaxies as the HαIr sample. 45/218 galaxies are upper limits in the optical due to lower
S/N, continuum subtraction or the presence of very bright nearby sources. 99/218 are upper
limits in the infrared due to the poorer sensitivity of the WISE W4 band or the presence of
really bright sources.
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Figure 1: Star formation rate versus stellar mass of the HαIr sample, estimated from the
IR (orange) and Hα (blue) emission respectively. Upper limits in optical and infrared are
plotted as inverted triangles. The green region is the Main Sequence of star-forming galaxies
that Jarrett+ in prep. fitted from a large sample from the 2MRS. The width of the Main
Sequence was taken from AMIGA isolated galaxies from [1]’s fit of AMIGA isolated galaxies,
which are shown in the background for reference (gray). Average uncertainties for detections
in Hα and IR have been provided at the top of the diagram for clarity.

In Figure 1 we show the star formation rate (SFR) vs stellar mass (M⋆) computed for the
HαIr sample. The blue points correspond to the SFRHα against the stellar mass derived from
WISE, and the orange points correspond to the SFRIR for the same galaxies, and therefore
the same stellar masses. The former trace past star-forming activity at timescales of about
107yr, and the latter, up to 109yr. We can use this diagram to separate the HαIr sample in
3 different populations, according to SFRHα:
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1. Quenching Galaxies (QINGs): 75 detections + 41 upper limits (∼ 53% of HαIr galaxies)
located below the Main Sequence (SFRHα < −σ).

2. Main Sequence Galaxies (MSGs): 70 detections (∼ 32% of HαIr galaxies) on the Main
Sequence (-σ < SFRHα < σ). 1 upper limit is located in this region, so it is not possible
to classify.

3. Starburst Galaxies (SBGs): 28/218 (∼ 13% of HαIr galaxies) above the Main Sequence
(SFRHα > σ). 3 upper limits are located in this region, so it is not possible to classify
them.

A galaxy cluster in the state of relaxation in which Hydra I has traditionally been charac-
terized [3] is expected to host a considerable population of quenching galaxies. In fact, pre-
vious studies focused on optical emission [11] found that almost 90% of Hydra I galaxies are
quenched. However, the SBGs group seem to have undergone a dramatic increase in star for-
mation rate. Not only is their SFRHα above the Main Sequence, but also SFRHα > SFRIR.
That is, instead of reducing their star formation rates, they must have sustained a burst in
star formation in timescales shorter than ∼ 109 yrs ago.

3 Cold gas morphology and spatial location of galaxies

Starburst in galaxies triggered by the effect of environment have already been observed in
other clusters such as Coma [9], Fornax [13], or Virgo [10]. In all these cases, environmental
processes easily identifiable by the asymmetries they produce in the gas disks of galaxies (ram
pressure and tidal interactions are great examples) were behind the sudden increase in star
formation activity.

Only 18/28 SBGs galaxies in our sample have HI detections from MeerKAT. However, all
these 18 galaxies show this sort of asymmetries in their HI disks. In Fig. 2 (left) we show the
Hα emission of the galaxy ESO 501-G053, an example of SBG from the HαIr sample, overlaid
with HI contours. These contours show the kind of gas disk asymmetry that is typical in
cases of ram pressure, even though the stellar content portrayed by the rgb image does not
seem to be too altered. This finding is compatible with the results reported by [14], who
employed WALLABY HI measurements in combination with optical Pan-STARRS bands to
find that more than 70% of Hydra’s galaxies with detectable levels of neutral gas within a
virial radius are subjected to at least weak levels of ram pressure stripping, although the
effects of such mild interactions were not certain.

Likewise, [12] examined the Hydra I cluster in combination with optical Pan-STARRS
and infrared WISE data, and concluded that the environmental impact on the neutral gas
reservoir can start as far as 1.5r200 from the cluster core. This implies that the impact of
the cluster environment can start even before crossing its virial radius for the first time.
Thus, the spatial and velocity location of galaxies with respect to the cluster core, and
potential filaments feeding the cluster, is crucial to interpret the environmental processing
and even the pre-processing that galaxies undergo in their orbits throughout the cluster and
its surroundings.
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Figure 2: Left: ESO 501-G053, an example of SBG galaxy with asymmetrical HI disk. The
upper plot shows an rgb composite (r,g,u bands from DECam) with an Hα map (magenta)
and HI contours (yellow) overlaid. The compass at the top left corner indicates the direction
to the cluster core, and the 2D projected distance to it is right below. The scale bar shows
the 10kpc scale, and the yellow text contains the levels of the HI contours. The bottom
diagram is an moment 1 velocity map of ESO 501-G053’s HI content, elaborated with SoFiA-
Imaging-Pipeline (SIP). Right: Distribution of galaxies in celestial coordinates. HαIr sample
is represented with empty squares, and other Hydra I galaxies from 6dF galaxy survey are
“triup” markers. SBGs have been represented as blue-edged-dots, and SBGs with an HI
detection are colored green. The red cross indicates the location of ESO 501-G053.

In Fig. 2 (right) we have represented the spatial location of the galaxies within the
HαIr sample, and highlighted the position of the SBGs in blue. 17/28 SBGs are located in
the Southern half of the cluster, where HI detections are also slightly more abundant, and
are generally blueshifted with respect to the cluster central velocity. This spatial asymmetry
might be linked to an underlying structure feeding the cluster. New galaxies, far from entering
symmetrically from all sides could be joining the cluster preferentially from the south. This
view is further sustained by the fact that the Hydra cluster shares a filamentary connection
with the southern Antlia cluster [8, 2], that serves as a bridge between these two clusters,
which are separated ∼ 7.9◦ in the sky. This filament feeds Hydra from the South [5] (see
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Figs. 10, 11, 12, 17, 18, 22 from [2]). This would explain how less active galaxies are usually
found in the northern half, while those undergoing active or even bursting episodes of star
formation are located to the south. Thus, the environmental transition from the filament to
the cluster medium is a plausible origin for the SBGs increased star formation. Cases such as
ESO 501-G053 might be galaxies that are passed their first pericenter in their orbit through
the cluster, which would explain why its gas disk is more compressed in the direction opposite
to the cluster core.

4 Conclusion

In view of the former results, we deduce that Hydra I has a dual nature. On one hand,
it shows a population of mature and aged galaxies that follow the main sequence or that
have already fallen from it. On the other hand, we find a population of what we believe
are recently accreted galaxies undergoing a recent boost in their star formation caused by
ram pressure or tidal interactions. These galaxies might be in their first orbits in the cluster
after being newly accreted from the cosmic web or a filament (probably the Antlia-Hydra
filament). These two complementary natures make Hydra an unique structure at large scale,
both evolved and in active process of accretion of new material, and a promising laboratory
for future multiwavelength studies.
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grant AST22.4.4, funded by Consejeŕıa de Universidad, Investigación e Innovación and Gobierno de
España and Unión Europea - NextGenerationEU, also funded by PID2020-113689GB-I00, financed by
MCIN/AEI. J.S.G., is thankful for funding of this research provided by the University of Wisconsin-



6 The HαIr diagnostics of the Hydra I cluster

Madison College of Letters and Science. Author C.C.C. acknowledges the Spanish Prototype of an
SRC (SPSRC) service and support funded by the Ministerio de Ciencia, Innovación y Universidades
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Thérèse-Lavoie-Roux, Montréal, Qc, Canada H2V 0B3
13 Laboratoire de Physique et de Chimie de l’Environnement, Observatoire d’Astrophysique de l’Université
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