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ABSTRACT
By analysing a sample of galaxies selected from the HI Parkes All Sky Survey (HIPASS)

to contain more than 2.5 times their expected HI content based on their optical prop-
erties, we investigate what drives these HI eXtreme (HIX) galaxies to be so Hl-rich.
We model the H1 Kinematice with the Tilied Finoe Fittine Code TiRiFiC and com-
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HI-rich
2.1 Galaxy samples

In this paper, we perform a kinematic analysis of galax-
ies in the HIX survey, which was first presented in Lutz
et al. (2017). Hix galaxies were selected as a subsample
of the compilation presented by Dénes et al. (2014), who
used their sample to calibrate scaling relations between H1
mass and optical luminosity. This parent sample consists of
1796 galaxies from the HiPASs catalogues (Meyer et al. 2004;
Koribalski et al. 2004), which have reliable optical counter-
parts in HOPcAT (Doyle et al. 2005).

In our 2017 paper, HIX and control samples included
13 galaxies each. HIX galaxies were selected to lie at least
140 above the Dénes et al. (2014) scaling relation be-
tween HI mass and absolute R-band magnitude. The con-
trol sample has been selected from the same parent sam-
ple to lie within 0.7 ¢ of the scaling relation. We exclude
dwarf galaxies by restricting our sample to stellar masses
greater than logM, [Mz] > 9.7. In this paper, control galaxies
NGC 4672, IC 4366 and ESO462-G016 are excluded because
the signal to noise ratio of their H1 data was too low.

1D & & IS
"] [ [mJy beam™!]
(1) (2) (3) (4)
ESO111-G014 52.66  40.58 1.7
ES0243-G002 31.70 2295 1.5
NGC 2897 55.98  25.64 1.4
ES0245-G010 51.48 3130 1.7
ESO417-G018 66.09  33.33 1.6
ESO055-G013 43.08  33.54 2.0
ESO208-G026 59.24  43.49 1.3
ESO3T8-G0O03 64.23  41.09 1.3
ESO381-G005 65.76  43.50 1.5
ESO461-G010” 59.62 2038 2.7
ESO0T5-G006 60.52 35.22 2.0
ES0290-G035" 58.32 2898 21
NGC B85 34.58 32.48 1.9
ESO121-G026" 25.42 18.91 0.6
E50123-G023 35.74  28.94 2.3
NGC 3001¢ 38.49 2097 1.3
ES0263-G015 25.53 2260 3.0
NGC 3261 56.50  39.31 2.7
NGC 5161° 36.59  20.41 1.3
ESO383-G005 40.83  22.02 2.8
IC 4857 40.16  26.92 1.1
ESO287-G013 38.00  30.33 2.0
ES0O240-G011 20.32 2287 3.0
KOHTpPOJ1IbHasA
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Figure 1. The H I-to—stellar mass ratio as a function of the stel-
lar mass. The green shaded area shows the | ¢ range of the parent
sample (with 2MASS cross match), red circles give the control sam-
ple and blue diamonds represent the Hix sample. The vellow circle
is 1C 4857, which was initially selected as a HIX galaxy, but then
reclassified to a control galaxy. The empty blue squares present
the HighMass sample. Orange and light blue dashed lines indi-
cate the running average of simulated Hix (light blue) and control
galaxies (orange) from the DARK SAGE semi-analytic model (for
more details see Sec. 4). The orange and light blue shading cov-
ers the 16 to 84 percentile range. As per sample selection, Hix
galaxies have high H1 mass fractions for their stellar mass.
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Figure 2. A stellar mass—size relation. The running average of
the Hipass parent sample is shown as the solid, green line, with
the &1 o scatter as the green shaded area. For comparison the grey
dashed line and grey shaded area give the mass—size relation and
its errors for late-type galaxies from the GAMA suwrvey (Lange
et al. 2015). The control and Hix sample galaxies are shown as
red circles and blue diamonds respectively. The Hix and control
sample galaxies occupy a similar parameter space and follow the
relation from the literature and the parent sample.
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Figure 3. The relation between H1 disc size and mass. Blue dia-
monds present the Hix sample and red circles the control sample.
The grey dashed line is the relation found by Broeils & Rhee
(1997), confirmed by Wang et al. (2016), where the grey shaded
area covers their 3o scatter of 0.18 dex. As in Fig. 1 light blue
and orange dashed lines present DARK SAGE simulated galaxies
and the shaded areas their respective 16 to 84 percentile ranges,
H1 masses and sizes of the HIX galaxies are consistent with the
literature relation.
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Figure 4. The relation between Ry and the K-band effective
radius. Blue diamonds present the Hix sample and red circles
the control sample. Grey lines denote different ratios between the
two sizes, At a given K-band effective radius, Hix galaxies tend
to have larger H1 disc sizes than the control sample.



[Nucku HI-rich ranaktmk HamHoro
YCTONYMBEE KOHTPOSbHbLIX

0.0 -
@ —0.5
=
——
s
2
=) _10 A -aa“::'
A= P 4 == Obreschkow et al (2016)
P 4 8 Hallenbeck et al. (2014, 2016)
0 THINGS
—1.5 4 ; HIX
9 0 CONTROL
I T T T
-1.5 -1.0 —-0.5 0.0

log g =log (jg ¢ / G Mg)

Figure 6. The atomic to baryonic gas ratio as a function of the
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ABSTRACT

The traditional picture of post-starburst galaxies as dust- and gas-poor merger remnants, rapidly
transitioning to quiescence, has been recently challenged. Unexpected detections of a significant ISM in
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2. SAMPLE SELECTION

The parent sample of this survey was drawn from
the Sloan Digital Sky Survey (SDSS) Data Release 5
(DR5). Sources were required to possess Ha equiva-
lent widths (EQWs) < 3A (vs. typically > 10 A in nor-
mal star-forming galaxies) and Lick Hé absorption in-
dices > 41‘1, defining a parent sample of 1122 galaxies.
Sources were fitted using Bruzual & Charlot (2003) stel-
lar population synthesis models, to infer burst properties
and post-burst ages. The majority of sources have exist-
ing GALEX NUV and FUV wavelengths coverage, the
addition of which significantly alleviates age-reddening
degeneracies. French et al. (2017, submitted) details
the UV-optical spectrophotometric fitting methodology
which provides, among other physical parameters, reli-
able post-starburst ages over the range 100-1500 My,
with typical uncertainties of ~20%.
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Figure 3. Comparison histograms of the SED peak wave-
length for the E4A and matched KINGFISH/SINGS sam-
ples. Note that the 13 SINGS/KINGFISH sources with
peaks ~130pm are low-metallicity dwarf galaxies. The
E+A sample has infrared SED’s that peak at ~70 pm, much
warmer than the KINGFISH/SINGS mean of ~100 pm.
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Figure 13. Left: The [C1] deficit ([C1]/ TIR) plotted as a function of 70 pm/100pm color. The E+As are shown as black,
filled circles, where open circles with downward arrows denote 3o upper limits. The double-headed arrows denote the ranges of

various comparison samples: the KINGFISH (Smith et al. 2017) full range (blue), 68% range (red), and mean (magenta), dusty
ETGs (green), and GOALS ULIRGs (orange; Diaz-Santos et al. 2013, assuming a multiplicative factor of 2 for FIR-to-TIR
conversion). We also show individual regions of the inter-galaxy shock ridge in Stephan’s Quintet (light blue stars; Appleton

et al. 2013). Right: [C11]-to-total PAH emission as a function of the 7.7 pm/11.3 pm PAH band ratio. The E4As follow the same
schema as the left figure. The blue plus symbols correspond to resolved regions within the star-forming galaxies NGC 1097 and
NGC 4559 (C'roxall et al. 2012). The E4As seem to posses significantly deeper [C11] deficits than most normal, star-forming




Ecnun onpepenate SFR no nnHnam
HeoOHa, TO CUJIbHO BbiNagaloT BHU3
OT rMaBHOW NMocrneaoBaTeflIbHOCTU

. T T —
. S T AL L SR AL L (U B S S o A T ARk e N A P =
- Ha 7‘,." P 2] o LI} . =
; Lo . ) e
i ‘ A o ] .
o - ) a
e .
ot P X
- . J
T -7 s i E '
- e
2 e ﬁ‘
B | ] .
® £ 1
2 Y
% 2 t t R \’; i
wl
S
o0 4| R J
2 1
Noag, EtAgy, = 435 FtAag, =08
E 10* 10° 10t 10' 10° 10 10 10" 10° ) [+3 10 10" 10° 1« 10*
L'g (Klm#* pe?) gy (Mg pc”)
E Figure 19. The Kennicutt Schmidt star-formation diagram. SFR surface density is plotted as a function of CO surface brightness
(left) and molecular g, sity (center, right). Galaxies with CO limits have been excluded, as have Xgpgr(Ha) for the
seven sources with significant inferred extinetion. The one exception is 0815, which, though it is not detected in CO(1-0), does
2 ' 1 ! 1 el 1 1 i | have a reliable molecular mass from fitting of its Hz temperature distribution (§4.6). The comparison sample is derived from
9 95 10 105 11 115 95 10 105 11 115 12 the original sample of Kennicutt (1998), composed of star-forming galaxies (black, filled circles) with ., = 4.35, star-forming
]ggm M. (M@) galaxy nuclei (black, open circles) with 1 < aco < 3.6, and ULIRGs (black, filled squares) with ceco = 0.8. The E+As are
plotted assuming evco factors of: (Left) None, (Center): 4.35, (Right): 0.8. Power-law fits to the comparison samples are
Figure 18. SFR rate vs. stellar mass. For the E+A sample,

(upper lef
Symbol sia

rled

Tln dashed and dotted lines

17)

C11| (bottom left; bluep, and Neon (botic
h

lot each of our derived ‘1}' Rs in a separate panel:

le Ho (FYZ15, upper right;
re (l( noted by downward
laxies in the GCAMA G12 fiel
0 sources with high inferre

T shown in each panel as dashed lines: SF galaxies (blue) and ULIRGs (red). Lines with 10x lower normalization than each fit
(but identical slopes) are shown as dotted lines, again with blue corresponding to SF galaxies and red to ULIRGs. Assuming
35, the E4-As are offset from SF galaxies by a factor of 5 when considering Neon SFRs. Assuming o, = 0.8, the E4+As

t; red). We also inclu
oldest have ymbols). SFR limit
it and full r.\nn respectively, to late-type
juence. Ha SFRs have been excluded for the

linearly with post-burs
ow the WISE
the star-forming maik

Do =

extinction. Though there is considerable scatter among different tracers, the E-+As overwhelmingly lie below the siar-formin e offset from ULIRGs by a factor of 10 when Hnmdermg Neon.



