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Figure 1. Stellar mass against star formation rate for the Q-
MANGA-GALEX sample with regular (black circles) and non-regular
(red squares) rotators identified using Equation 2. Shown also are
the contours for the entire MPA-JHU sample (grey contours; i.e.
SDSS DRT). The solid line shows the SFS as defined by Peng et al.
(2010) at the average redshift of the Q-MANGA-GALEX sample, with
+1o shown by the dashed lines. Note that the galaxies in the -
MANCA-GALEX sample are chosen to be more than 1o below the
SFS as defined at their observed redshift and stellar mass (see
Section 2.3).

Using this definition reveals 168 (20%)
non-regular rotators and 658 (80%) regular
rotators in the g-manga-galex sample.
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In order to obtain a sample of slow rotators, one author
(RJS) inspected the velocity maps of the 168 non-regular ro-
tators identified in the Q-MANCA-GALEX sample to remove
those galaxies which showed rotation in their kinematic map
(i.e. counter rotation or decoupled cores). 71 galaxies ex-
hibiting rotation were identified, example velocity maps for
which are shown in the top row of Figure 3. This resulted
in a sample of 97 slow rotators, example velocity maps for

which are shown in the middle row of Figure 3.
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https://github.com/zooniverse/starpy

2.6 Star Formation History Inference

STARPY® is a PYTHON code which allows the inference of
the exponentially declining star formation history (SFH) of
a single galaxy using Bayesian Markov Chain Monte Carlo
techniques (Foreman-Mackey et al. 2013)%. The code uses
the solar metallicity stellar population models of (Bruzual

& Charlot 2003, hereafter BC03), assumes a Chabrier IMF
(Chabrier 2003) and requires the input of the observed u—r
and NUV — u colours and redshift. No attempt is made to
model for intrinsic dust.

The SFH is described by an exponentially declining
SFR described by two parameters; the time at the onset
of quenching, ¢, [Gyr|, and the exponential rate at which
quenching occurs, 7 [Gyr]. Under the simplifying assump-
tion that all galaxies formed at £ = 0 Gyr with an initial
burst of star formation, the SFH can be described as:

iofr(ty) if t < t, '
SFR= ¢ —(t—tq) . (5)
isfr(tq) X emp(—T*“—) if ¢t >t

where 4.5~ 18 an initial constant star formation rate de-
pendent on i, (Schawinski et al. 2014; Smethurst et al.
2015). The simplifying assumption that all galaxies formed
at £ = 0 Gyr means that the age of each galaxy, t.gz,
corresponds to the age of the Universe at its observed red-
shift, tobs. A smaller T value corresponds to a rapid quench,
whereas a larger 7 value corresponds to a slower quench. A
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Figure 5. Population densities for the time, ¢, (left) and exponential rate, 7 (right) that quenching occurs in the MM-Q-MANGA-GALEX
sample for the fast (black, solid) and slow (red, dashed) rotators. A high value of t, corresponds to a recent quench, and a high value of
T corresponds to a slow quench. Shaded regions show the uncertainties on the distributions from bootstrapping.

e An Anderson-Darling test revealed that the distribution of the inferred quenching rates of fast and slow
rotators are statistically distinguishable (p = 0.001, 3.20). We find that rapid quenching rates (1 ~ < 1
Gyr) are dominant for slow rotators, supporting the theory that slow rotators form in dynamically fast
processes, such as major mergers (Bois et al. 2010; Duc et al. 2011; Naab et al. 2014).

e we find that fast rotators quench at a wide range of rates, consistent with dynamically slow processes
such as secular evolution, minor mergers, gas accretion and environmentally driven mechanisms.

e However we also find evidence that some of the fast rotators are quenching at the same rapid rates
dominant across the slow rotator sample.

e This finding of rapid quenching rates occurring for both slow rotators and a subset of the fast rotators
suggests that although their kinematics are different in nature, both classes of galaxy may be able to
quench, and therefore form, via major mergers. This result combined with the findings of recent simulations
showing disc survival in gas-rich major mergers (Bois et al. 2011; Pontzen et al. 2016; Sparre & Springel
2016), suggests that the total gas mass fraction within a pair of merging galaxies, is what will ultimately
decide the kinematic fate of a galaxy.
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ABSTRACT

We present ALMA Cycle 4 observations of CO(1-0), CO(3-2), and *CO(3-2) line emission in the brightest
cluster galaxy of RXJ0821+0752. This is one of the first detections of *CO line emission in a galaxy cluster.
Half of the CO(3-2) line emission originates from two clumps of molecular gas that are spatially offset from
the galactic center. These clumps are surrounded by diffuse emission that extends 8 kpc in length. The detected
13CO emission is confined entirely to the two bright clumps, with any emission outside of this region lying
below our detection threshold. Two distinct velocity components with similar integrated fluxes are detected
in the '>CO spectra. The narrower component (60 km s~! FWHM) is consistent in both velocity centroid
and linewidth with 1*CO(3-2) emission, while the broader (130160 km s™!), slightly blueshifted wing has
no associated *CO(3-2) emission. A simple local thermodynamic model indicates that the '*CO emission
traces 2.1 x 10° My, of molecular gas. Isolating the >CO velocity component that accompanies the '*CO
emission yields a CO-to-H; conversion factor of acp =2.3 Mg (K km s™!)!, which is a factor of two lower
than the Galactic value. Adopting the Galactic CO-to-H; conversion factor in brightest cluster galaxies may
therefore overestimate their molecular gas masses by a factor of two. This is within the object-to-object scatter
from extragalactic sources, so calibrations in a larger sample of clusters are necessary in order to confirm a
sub-Galactic conversion factor.
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