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The UV Red Sequence 

2100 T. D. Rawle et al.

Table 3. Extract of data for galaxies in the NFPS sample. Galaxy position is encoded in the ID. czCMB (km s−1) is the mean cluster
redshift in the CMB frame. czhel (km s−1) is galaxy redshift in the heliocentric frame. Magnitudes (Kron-type apertures) and colours (12
arcsec diameter apertures) are in the AB system and have been galactic extinction corrected, but not K-corrected.

Galaxy ID cluster Galaxy Apparent J NUV–J FUV–J
czCMB czhel

NFPJ043305.0–612235 17 714 16 144 15.750 ± 0.071 6.732 ± 0.142 7.205 ± 0.250
NFPJ043306.7–612614 17 714 17 702 14.898 ± 0.047 7.091 ± 0.102 7.497 ± 0.184
NFPJ043307.6–611338 17 714 16 356 14.659 ± 0.042 6.979 ± 0.095 7.659 ± 0.195
NFPJ054415.7–255429 12 939 10 674 14.693 ± 0.045 6.886 ± 0.077 –
NFPJ054431.6–255550 12 939 13 247 14.783 ± 0.047 6.767 ± 0.086 –

Table 4. Extract of data for galaxies in the SSC sample. As in Table 3. Supercluster mean czCMB = 14 660 km s−1 for all galaxies. Stellar population parameters
given where available (age in Gyr).

Galaxy ID czhel Apparent J NUV–J log(age/Gyr) [Z/H] [α/Fe]

NFPJ132418.2–314229 13 948 14.197 ± 0.035 7.088 ± 0.085 0.94 ± 0.03 0.27 ± 0.02 0.24 ± 0.02
NFPJ132423.0–313631 14 642 14.847 ± 0.048 6.706 ± 0.103 0.89 ± 0.05 0.11 ± 0.03 0.15 ± 0.02
NFPJ132425.9–314117 13 888 14.380 ± 0.038 6.604 ± 0.079 – – –
NFPJ132426.5–315153 14 922 14.676 ± 0.043 6.575 ± 0.081 0.95 ± 0.04 0.23 ± 0.03 0.24 ± 0.02
2MASXJ13250387–3132449 14 266 14.792 ± 0.049 6.626 ± 0.109 – – –

Figure 1. CM diagram for the samples (NFPS upper panel; SSC lower
panel). Grey points are those removed by emission-line criteria detailed in
Section 2.3. The larger tail of grey points for SSC results from the lack of an
explicit colour cut on the original sample. Solid lines are GALEX detection
limits and dashed lines are the applied J-band apparent magnitude cuts.
Median errorbars are ∼0.05 mag in J band and ∼0.1 mag in the colour.

by the emission cut from Section 2.3. Prior to the emission cut, SSC
has a larger colour range than NFPS. This is because NFPS was
explicitly selected on B–R colour while SSC only on total R-band
apparent magnitude. The Hα cut efficiently removes the very blue
objects.

All target galaxies were within the 2MASS J-band detection limit,
but the NUV band has a 5σ detection limit of 22.5–23.5 mag, de-
pending on the co-added image exposure time. Fig. 1 (upper panel)

shows that for the NFPS, these limits result in a bias against faint
red galaxies. Assuming the brightest NUV detection limit, a sample
cut is applied to the J-band apparent magnitude at 15.0 mag. For
the SSC sample, all of the targets appear on just two NUV images
with similar exposure times, and a (5σ ) detection limit of 23.2 mag.
Although in practice only two SSC targets have a non-positive flux
in the NUV band (compared to ∼8 per cent in NFPS), for consis-
tency, SSC has been treated in a similar manner, with a cut applied at
15.8 mag. These cuts are shown as dashed lines in Fig. 1 and ensure a
complete sampling of the colour range over the selected luminosity
interval.

The colour-(absolute) magnitude diagrams for the low-emission
galaxies are presented in Fig. 2. There is a correlation between the
luminosity and colour; brighter galaxies tend to be redder. However,
there is a large scatter; rms dispersions of 0.37 and 0.30 mag for
NFPS and SSC samples, respectively. The smaller scatter within the
SSC sample is probably due to the slightly more restrictive Balmer
emission-line criteria (see Section 2.3). The scatter in each sample
does not increase by more than ∼10 per cent unless the cut criteria
are relaxed beyond an equivalent width of −1 Å. Only 5 per cent
of the scatter can be accounted for by photometric measurement
error. As intrinsic scatter dominates, all correlations in this study
are computed without error weighting.

Table 5 summarizes the CMRs for our two samples. Additionally,
the CMRs measured in three previous studies (Boselli et al. 2005;
Yi et al. 2005; Haines, Gargiulo & Merluzzi 2008) are shown for
comparison. Different sample selections were used for each of these
studies. Yi et al. use a ‘UV-weak’ early-type galaxy sample, selected
from SDSS by concentration index and luminosity profiles, and then
by the flux ratios F(NUV)/F(r) and F(FUV)/F(r) both being less than
0.07. The sample covers a J-band luminosity range comparable to
our work. Boselli et al. use a volume-limited sample of galaxies
in the Virgo cluster, with a subsample defined as elliptical by vi-
sual classification. Haines et al. use a volume-limited sample of
local galaxies from SDSS, with the subsample (labelled ‘passive
red-sequence galaxies’) restricted by the emission-line criteria
EW(Hα) > −2 Å.
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while most of the normal (i.e., star-forming) objects lie below this
threshold. We use this threshold and remove any galaxy that re-
mains unclassified in the optical analysis but shows a radio lumi-
nosity above 1022 W Hz!1. This removes "3% of the sample of
galaxies that survive the optical analysis.

We must note, however, that galaxies with a high radio lumi-
nosity do not necessarily host AGNs. There is a degeneracy be-
tween radio emission from AGNs and from genuine star forma-
tion, which is not quantified accurately by using a single threshold
value. By applying this cut we might indeed exclude interesting
early-type galaxies that are genuinely star-forming. However,
since the radio analysis only affects a small fraction of our sample,
we include it in our sample selection, as it would only make our
sample slightly more conservative in terms of star-forming early-
type galaxies.

2.5. The Final Catalog

Table 1 summarizes all the criteria used in the construction of
our final catalog of early-type galaxies. The final sample contains
2116 galaxies.

Figure 4 shows the optical (top) and the NUV! r (bottom)
color-magnitude relations (CMRs) of our early-type galaxies.
Galaxies are color-coded according to their redshifts. The small
gray crosses represent galaxies that are rejected based on the op-
tical or radio analyses described in the previous sections. At first
glance, the tight optical CMR typical of early-type populations is
in stark contrast to the large spread in colors evident in the NUV
CMR. While the scatter in the optical CMR is approximately
0.05 mag, the spread in the NUV colors is almost 6 mag with a
(biweight) scatter of approximately 1 mag. The properties of the
NUV CMR immediately lead to two conclusions.

First, it seems inconsistent with amonolithic evolution scenario
for all galaxies in our sample. If all early types were dustless sim-
ple stellar populations (as is frequently assumed from their tight
optical CMRs in the context of the monolithic picture), we might
expect the NUVCMR to be just as tight as its optical counterparts.
In reality, any age dispersion, coupled with the presence of vary-
ing amounts of UVupturn, might be expected to induce some scat-
ter in theNUVCMR.A lower limit to theNUV! r color in such a
hypothetical monolithic CMR can be estimated by looking at the
NUV! r color of the nearby strong UV-upturn galaxy, NGC
4552. We use a composite spectrum of NGC 4552, in which the
UV spectral ranges are constructed from IUE andHUT data (see
caption of Fig. 1 in Yi et al. [1998] for more details on sources in
the construction of this composite SED), to estimate this lower
limit. This composite SED yields an NUV! r color of 5.4. We
should note, however, that the UV component, derived from IUE
and HUT data, samples the UV bright core of NGC 4552, so the
value of 5.4 is likely to be bluer than the NUV! r color averaged
over the entire galaxy. This makes NUV! r ¼ 5:4 an optimistic
estimate for the blue end of a monolithic CMR. However, in a
monolithic scenario all the galaxies would have NUV! r $ 5:4,
which is clearly not the case for the galaxies in our sample.We can
therefore assume that the excess scatter in the NUV CMR is due,
at least in part, to some recent star formation.

Second, it is apparent that the red envelope is not very well-
defined; i.e., we do not see a sharp red edge to the NUV CMR as
is frequently seen in optical CMRs. This is likely to be caused by
varying levels of dust (and therefore gas) in these galaxies that
smear out the tightness in the red sequence.

Fig. 3.—Comparison of radio luminosities of galaxies classified by the optical
analysis as normal (crosses) and type II AGNs (all other symbols; see legend for
specific AGN classifications). Type II AGNs tend to dominate this plot above a
radio luminosity of"1022 W Hz!1, while most of the normal (i.e., star-forming)
objects lie below this threshold.

TABLE 1

Summary of Criteria Used in Constructing the SDSS-GALEX Early-Type Catalog

Criterion Reason

r < 16:8 ....................................... Robust morphology (from COMBO-17 comparison)

z < 0:11........................................ Robust morphology, GALEX detection rate stable at 90%

Emission line analysis ................. AGN removal for emission line galaxies with S/N > 3
L(radio) > 1022 W Hz!1 .............. Further removal of possible AGNs not classified by the emission line analysis

Fig. 4.—Optical (top) and the NUV! r (bottom) color-magnitude relations
(CMRs) of our early-type galaxies.We intentionally show the optical CMRon the
same scale as its UV counterpart, to highlight the significant difference in their
respective scatters. Galaxies are color-coded according to their redshifts. The small
gray crosses represent galaxies that are rejected based on the optical or radio analyses.
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NUV-r and g-r colour magnitude 
diagrams from Kaviraj et al. 
(2007) 

NUV-J colour magnitude diagram 
form two surveys from Rawle et al. 
(2008) 
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Red Sequence Galaxies 
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The UV Red Sequence 
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NUV-R colour magnitude diagram for cluster red sequence galaxies. Points 
at NUV-R=12 are null detections. The red line is the Galex completeness 
limit. 
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Why do we see this scatter 
in NUV-R? 

�  Low metallicity blue horizontal branch stars 

� UV upturn/UV excess- low envelope mass 
extremely blue horizontal branch stars 

�  Recent star formation- low level (~1%) new 
stars within the galaxy   
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Why do we see this scatter 
in NUV-R? 
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NGC4125  A passive elliptical
NGC0584  A passive elliptical
NGC7331  A post starburst galaxy
NGC5195  A post starburst galaxy
NGC4552  A UV upturn galaxy
NGC4889  A UV upturn galaxy
Cutoff for recent star formation
UV detection limit
Red sequence galaxies

NUV-R colour magnitude diagram, with the recent star formation limit from 
Kaviraj et al. (2007). Post-starburst, UV upturn, and passive elliptical data 
derived from spectral templates from Brown et al. (in prep) are also shown. 

1/10/13 Jake Crossett- Galaxy Zoo 2013 



Where does this happen within 
a Cluster? 
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Fraction of  UV bright galaxies as a function of  surface density. These 
galaxies prefer lower density environments. 
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Where does this happen within 
a Cluster? 
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Fraction of  UV bright galaxies as a function of  cluster radius. 
Similarly, UV bright galaxies prefer higher radii within a cluster. 

1/10/13 Jake Crossett- Galaxy Zoo 2013 



Where does this happen within 
a Cluster? 
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Spatial distribution of  the UV bright galaxies on the sky (black points), 
with the passive red sequence (red) and other galaxies (blue).  
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What do these galaxies look 
like? 

(above) SDSS Colour images of  galaxies from Abell 2055. The 
top row show galaxies with passive NUV-R, while the bottom row 
display UV strong cluster candidates. 
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What do these galaxies look 
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Fraction of  UV bright galaxies as a function of  their SDSS fracdev 
in r (red) and i (black) bands. Galaxies that prefer a bulge light 
profile are less likely to have recent star formation. 
 



What do these galaxies look 
like? 
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Fraction of  UV bright galaxies as a function of  concentration. Galaxies 
that are more centrally concentrated are less likely to be UV bright. 
 



What do these galaxies look 
like in Galaxy Zoo? 

Fraction of  UV bright galaxies for binned percentage of  votes as 
“spiral”. Red sequence galaxies that are voted to be spirals are often 
UV bright. 
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What do these galaxies look 
like in Galaxy Zoo? 
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Conversely, the galaxies that are voted “Elliptical” are less likely to 
have very blue UV colours. 
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Are they just Edge on 
Spirals? 

The fraction of  these blue UV galaxies doesn’t increase with smaller 
axial ratios- these galaxies are probably predominantly elongated. 
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Are They Just Edge on 
Spirals? 

Both face on spirals (left) 
and edge on spirals 
(bottom) have increased 
UV strong fractions with 
increased spiral 
probability. 
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These galaxies appear 
to be spirals- 
both edge on and face 
on. 
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What are these galaxies? 
�  High mass, Low SSFR Spirals 

-  Requires masses and SFR measurements – Ongoing 
work. 

�  Merger Remnants? 

-  Galaxies do not have tidal or merger features- 
maybe minor mergers. 

�  Infalling stripped disks? 

-  Can be stripped at the large distances shown, and 
wouldn’t disrupt the disk. 
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Summary 
�  The UV colour magnitude relation shows high 

scatter, traditionally explained by recent star 
formation. 

�  The UV bright, red sequence galaxies we see are 
are disky galaxies, at high cluster radius. 

 

�  This “recent star formation” may actually be late-
types entering a cluster 
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