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ABSTRACT

Context. At low redshift, early-type galaxies often exhibit a rising flux with decreasing wavelength in the 1000–2500 Å range, called
“UV upturn”. The origin of this phenomenon is debated, and its evolution with redshift is poorly constrained. The observed GALEX
FUV-NUV color can be used to probe the UV upturn approximately to redshift 0.5.
Aims. We provide constraints on the existence of the UV upturn up to redshift ∼0.4 in the brightest cluster galaxies (BCG) located
behind the Virgo cluster, using data from the GUViCS survey.
Methods. We estimate the GALEX far-UV (FUV) and near-UV (NUV) observed magnitudes for BCGs from the maxBCG catalog
in the GUViCS fields. We increase the number of nonlocal galaxies identified as BCGs with GALEX photometry from a few tens of
galaxies to 166 (64 when restricting this sample to relatively small error bars). We also estimate a central color within a 20 arcsec
aperture. By using the r-band luminosity from the maxBCG catalog, we can separate blue FUV-NUV due to recent star formation and
candidate upturn cases. We use Lick indices to verify their similarity to redshift 0 upturn cases.
Results. We clearly detect a population of blue FUV-NUV BCGs in the redshift range 0.10–0.35, vastly improving the existing con-
straints at these epochs by increasing the number of galaxies studied, and by exploring a redshift range with no previous data (beyond
0.2), spanning one more Gyr in the past. These galaxies bring new constraints that can help distinguish between assumptions concern-
ing the stellar populations causing the UV upturn phenomenon. The existence of a large number of UV upturns around redshift 0.25
favors the existence of a binary channel among the sources proposed in the literature.

Key words. ultraviolet: galaxies – galaxies: ellipticals and lenticulars, cD – galaxies: stellar content

1. Introduction

Code (1969) presented for the first time evidence of an excess
of far-ultraviolet (FUV) light in the bulge of M31. The Inter-
national Ultraviolet Explorer (IUE) observations of Ellipticals
allowed astronomers to characterize this as “UV upturn”, i.e., a
rising flux with decreasing wavelengths from about 2500 Å to
1000 Å (e.g., Bertola et al. 1982). The UV upturn was found in
the nearby universe in quiescent gas depleted ellipticals and has
been associated to old stars (O’Connell 1999; Ferguson 1999).
This feature has also been found in other old stellar systems
such as M32 (Brown 2004) or open clusters (Buson et al. 2006;
Buzzoni et al. 2012). Empirical work to find the actual source
of the upturn included the analysis of color-magnitude diagrams
(Brown et al. 1998), the detection of individual horizontal branch
? Tables 2–5 are available at the CDS via anonymous

ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via
http://cdsarc.u-strasbg.fr/viz-bin/qcat?J/A+A/611/A42

stars (Brown et al. 2000), or surface brightness fluctuations
(Buzzoni & González-Lópezlira 2008).

Since the UV upturn is found in early-type galaxies char-
acterized by old stellar populations, an effect of age can be
expected. Observed correlations also suggest a role of metal-
licity (Faber 1983; Burstein et al. 1988). However, these results
have been extensively discussed (see the conflicting results in
Deharveng et al. 2002; Rich et al. 2005; Boselli et al. 2005;
Donas et al. 2007).

The recent work on absorption indices revealing old and
young populations by Le Cras et al. (2016) has showed that there
is still a strong interest to understand the nature of UV upturn
sources and their contribution to stellar populations as a whole.
From the point of view of the evolution of galaxies and the role of
the environment, it is important to understand the UV emission
associated with old stellar populations in early-type galaxies and
to determine whether it is related to the environment (see Boselli
et al. 2014).
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Table 1. UV upturn in early-type galaxy FUV-NUV samples.

Reference Redshift range Galaxies Statistics

Rich et al. (2005) 0–0.2 Early types 172
Boselli et al. (2005) 0 Virgo early types 264
Boselli et al. (2014) 0 Virgo centrals 7
Ree et al. (2007) 0–0.2 BCGs 12
Donahue et al. (2010) 0.06–0.18 BCGs 10a

Loubser & Sánchez-Blázquez
(2011)

0 BCGs 36

This work (all, FUV measurements) 0.05–0.35 BCGs 166
This work (best sampleb) 0.05–0.35 BCGs 64
This work (confirmed upturnc) 0.05–0.35 BCGs 27

Notes. (a) Number of FUV detections. (b) Sample with low uncertainty on the central color (sum of uncertainties on each side lower than 1.2 mag)
and excluding galaxies flagged as contaminated. (c) Red global NUV-r color and blue central FUV-NUV color (see Sect. 3.1).

Hills (1971) suggested that the UV emission in M31 could
be related to the presence of very hot stars. Renzini & Buzzoni
(1986) discussed the possible candidates in the context of stellar
population evolution. This included young stars, hot horizontal
branch stars, post-AGB stars, and binaries. Several theoretical
works studied the UV emission of various types of stars dur-
ing their advanced evolution phases (e.g., Greggio & Renzini
1990; Dorman et al. 1993, 1995; D’Cruz et al. 1996). These
works showed that their UV output is very sensitive to small
differences in the assumptions made. Greggio & Renzini (1990)
suggested that stellar evolution theory alone could not provide
the explanation of the UV upturn.

It is still generally believed that the UV upturn is related to
extreme horizontal branch stars (Brown 2004, and references
therein). These stars could be low mass helium burning stars
having lost their hydrogen-rich envelope (e.g., Han et al. 2007,
and references within). However, the precise stellar evolution
producing hot low mass stars is still debated. Recent models
include single-star evolution with both metal-poor and metal-
rich populations (e.g., Park & Lee 1997; Yi et al. 1998) or models
including the effect of binarity, with stars losing their hydrogen
envelopes during binary interactions (Han et al. 2007).

The various models proposed for the UV upturn sources pre-
dict drastic differences concerning the evolution of galaxy colors
with redshift. Renzini & Buzzoni (1986) and Greggio & Renzini
(1990) already suggested that observations at a look-back time
of a few Gyr should allow us to distinguish between possi-
ble sources. In the case of single-star origin, the UV upturn is
expected to occur late because it is produced by evolved stars.
If it is related to binaries, its apparition can be more progres-
sive. Higher redshift observations are needed to distinguish these
different evolutionary scenarios.

From the observational point of view, Rich et al. (2005)
found little evolution up to redshift 0.2 in a sample of 172 red qui-
escent galaxies (not restricted to the most massive or to central
clusters) obtained by cross-matching SDSS and GALEX results.
Lee et al. (2005) and Ree et al. (2007) compared the observed
FUV-V color of nearby ellipticals to the brightest ellipticals in 12
remote clusters up to redshift 0.2, and also compared this color
to a few previous works (see Brown 2004) up to redshift 0.6.
These results suggest that the FUV-V restframe color is bluer
by about 0.8 mag around redshift 0.2 with respect to redshift
0, with a large dispersion at all redshifts. The color of the few
galaxies at redshifts higher than 0.2 is close to the average color
at lower redshifts. Donahue et al. (2010) presented the evolution

of the FUV-R color with redshift in 11 brightest cluster galax-
ies (BCGs) in the redshift range 0.05–0.2, detected in FUV, with
little evolution. Direct studies of the evolution of the UV upturn
with redshift are still limited to small samples and include only a
few tens of objects when limited to BCGs. Table 1 lists the sam-
ples of early-type galaxies with FUV and near-ultraviolet (NUV)
magnitudes from GALEX.

Several colors or other quantities have been used to detect
and study the UV upturn. One of them is simply the FUV-NUV
GALEX color that is easily accessible from GALEX data. It has
been used by, e.g., Boselli et al. (2005); Donas et al. (2007);
Loubser & Sánchez-Blázquez (2011). This color probes the slope
of the UV spectrum, and can be used to this end up to moderate
redshift. In Fig. 1 we show the spectrum of NGC1399, a Fornax
elliptical with a strong UV upturn at redshift 0. We also show the
spectrum shifted for a few redshifts, and the evolution of the cor-
responding FUV-NUV color as a function of redshift. The FUV
(around 1500 Å) and NUV (around 2300 Å) filters from GALEX
are also indicated, showing that the FUV-NUV color probes the
UV slope. The FUV-NUV color can thus be an indicator of the
presence of an upturn, and of the value of the slope of the spec-
trum. As a visual reference, we also show the evolution for a flat
UV spectrum. Any upturn will be by definition bluer than this
reference (at redshift 0, it corresponds to a color close to the 0.9
limit, proposed by Yi et al. 2011, to characterize the presence
of an upturn). On the contrary, old stellar populations without
upturn are redder than this reference. The upturn FUV-NUV
color is distinguishable from a flat spectrum up to approximately
redshift 0.5. Beyond this redshift, no more flux is found in the
observed FUV band, and the color can no longer be used to
detect a UV upturn. The figure illustrates that the presence of a
UV upturn can clearly be detected as a blue observed FUV-NUV
color at the redshifts considered in this paper (below redshift
0.4). In the nearby universe, the UV upturn is often studied on
the basis of a color rather similar to FUV-V. Figure 1 shows dif-
ferences between the flat and upturn cases that are similar to
those for the FUV-NUV color. For this color, however, we find
a greater evolution of the observed FUV-V color (in AB magni-
tudes) with redshift. This makes it impossible to adopt a single
color threshold for the detection of an upturn over the same red-
shift range. The two bottom panels of this figure can still help the
reader compare our study to this color choice. We note that this
is very close to the classical (1550-V)Burstein from Burstein et al.
(1988) with FUV-V (in the AB system) ∼(1550-V)Burstein + 2.78
(Buzzoni et al. 2012).
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Fig. 1. Top: Arbitrarily scaled spectrum of NGC1399 (solid line). The
spectrum was taken from the database of UV-Optical Spectra of Nearby
Quiescent and Active Galaxies (http://www.stsci.edu/science/
sed/sed.html), the original UV data are from Burstein et al. (1988).
The spectrum was smoothed for visualization, and extrapolated at low
wavelength (between 912 and 1170 Å) to match a typical upturn galaxy
spectra (Yi et al. 1998). This spectrum is also shown after redshift-
ing to z = 0.3, 0.6, 0.9. A “flat” version is also shown (i.e., removing
the upturn) for reference purposes (see text in the introduction). The
GALEX FUV and NUV passbands are respectively indicated as a blue
and red shaded area. Middle: Evolution with redshift of the FUV-
NUV color for the upturn and flat spectra as the solid and dashed
curve, respectively. The dotted horizontal lines corresponds to FUV-
NUV = 0.9, the limiting color for an upturn as defined by Yi et al. (2011).
Bottom: Evolution with redshift of the FUV-V color of the upturn and
flat spectra as the solid and dashed curve, respectively.

The Virgo area was extensively studied in the FUV and NUV
bands of GALEX in the context of the GUViCS project (Boselli
et al. 2011). The photometry collected by GUViCS provides a
deeper coverage than in most large areas over the sky. The UV
properties of early-type galaxies inside the Virgo cluster were
studied in Boselli et al. (2005). In the present paper, we take
advantage of these data to extract FUV and NUV photometry for
massive galaxies in the background of the cluster, up to a redshift
of about 0.35.

We select a sample of BCG galaxies from the maxBCG
catalog (Koester et al. 2007), extract FUV and NUV data for
177 of these galaxies from GUViCS, and perform a visual
inspection to ensure the quality and noncontamination of these

fluxes. Considering the small statistics of existing BCG sam-
ples with FUV data (e.g., only 36 galaxies in Loubser &
Sánchez-Blázquez 2011 at redshift 0; 12 in Ree et al. 2007 up to
redshift 0.2), even after removing the galaxies with possible con-
tamination or large error bars, our sample brings new constraints
for future models of the UV upturn population. We provide all
our data in the form of easy-to-use tables for this purpose.

In Sect. 2, we present our sample and methods. The selec-
tion of galaxies showing upturn signs is discussed in Sect. 3.
In Sect. 4, we show the dependences of the FUV-NUV color
on luminosity and redshift in our sample, and discuss their
implications. A summary is given in Sect. 5.

Throughout the paper, we use a flat cosmology (H0 = 70,
Ωm = 0.3) to convert between look-back time τ and redshift (z).
In our redshift range, the relation is linear with τ ∼ 11.5 × z.

2. Samples and data

2.1. BCG sample

In order to obtain a sample of galaxies that are as evolved as
possible in the background of the Virgo cluster area, we extracted
a sample of BCGs using the maxBCG catalog that was computed
from the Sloan Digital Sky Survey photometric data (Koester
et al. 2007). We selected all galaxies with right ascension (RA)
in the 180–195 degrees range and with declination (DEC) in the
0–20 degrees range, and with available GALEX images in the
FUV and the NUV bands, from the GUViCS survey of this area
(Boselli et al. 2011). This sample consists of 177 galaxies listed in
Table 2. Koester et al. (2007) provided a number of properties of
each BCG galaxy (position, redshift, luminosity) and of its clus-
ter (e.g., number of members, luminosity of the members). We
also performed a query to the DR13 SDSS release (Albareti et al.
2016) to obtain the latest spectroscopic information. We checked
that the spectroscopic redshifts are in agreement with the Koester
et al. (2007) values for the 71 galaxies for which it was provided,
and we increased the number of spectroscopic redshifts in this
way up to 150 objects, i.e., the vast majority of our sample.
We also obtained the SDSS spectroscopic class (“GALAXY”
for the 150 objects) and subclass based on line properties that
result, in our sample, in one active galactic nucleus (AGN),
three “BROADLINE” objects, one “STAR-FORMING” object.
Finally, SDSS also provides measurements of the Mg2 and Hβ
Lick indices often used in the literature to study the origin of the
upturn in galaxies (e.g., Faber 1983; Burstein et al. 1988; Boselli
et al. 2005; Buzzoni et al. 2012).

Table 2 compiles RA, DEC, photometric redshift, r- and
i-band luminosity from the maxBCG catalog, while Table 3 pro-
vides the spectroscopic information obtained by querying the
DR13 database: spectroscopic redshift, subclass, and Lick Mg2
and Hβ indices when available.

2.2. UV images

The early-type distant galaxies are often very faint in the
ultraviolet bands, and a blind search can easily be affected
by nearby objects (especially considering the ∼5 arcsec res-
olution of GALEX) or low signal-to-noise ratio (S/N). Due
to the nature of the GUViCS survey and the GALEX circu-
lar field of view, the survey is not homogeneous, and many
galaxies were observed on several occurrences. We constructed
stamps around the position of the BCGs by coadding any avail-
able UV images around our sources. This was done using
the Montage software (Jacob et al. 2010) following the pro-
cedure described in Boissier et al. (2015), which allows the
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deepest possible UV exposure for each target. The UV origi-
nal pixel is 1.5 arcsec wide, but since we reconstructed images
from a variety of sources with arbitrary position shifts, we
used Montage to project the UV images on a finer pixel
grid. For practical reasons, we adopted the same pixel scale
(0.187 arcsec per pixel) as the optical data that we obtained
from the NGVS survey (Ferrarese et al. 2012), as discussed in
Sect. 2.4.

2.3. UV photometry

Since we are targeting relatively small and faint galaxies whose
shape in the UV is not known a priori, we computed photome-
try systematically in a number of circular rings around the BCG
galaxies, with apertures of radii 20, 30, 50, 70, 90, 110, 130
pixels (with a size of 0.187 arcsecs), chosen to cover the range
of sizes found in our sample. We note that the first aperture is
only slightly larger than the GALEX PSF. We use it nevertheless
because early-type galaxies are often very compact in the UV,
and this allows us to have an estimate of the color even when a
nearby galaxy could contaminate a larger aperture. The magni-
tude obtained is by definition partial. Aperture corrections for a
point source at this size are 0.23 mag in both filters,1 thus the
color is unchanged. This central aperture has the advantage that
it often presents a higher S/N, and may be more sensible to UV
upturn if the stellar populations giving rise to it are concentrated.
NGC1399, which we use to illustrate a typical upturn as seen in
the nearby universe, clearly shows a FUV-NUV color gradient
in the inner 30 arcsec, with the maximum upturn at the center as
can be seen in Fig. 3 of Gil de Paz et al. (2007). The UV spec-
trum shown in Fig. 1 was obtained in the IUE aperture. For our
distant objects, we certainly probe a larger physical size, thus this
NGC1399 reference is likely to be the bluest color we can expect
for a galaxy with a central upturn.

The sky value was measured in many independent regions
around the galaxy and void of obvious sources. The photometry
and associated uncertainties were then computed as in Gil de
Paz et al. (2007). The photometry was corrected for the Galactic
extinction, using the Schlegel et al. (1998) values for the visual
extinction and RFUV = 8.24, RNUV = 8.20 (Wyder et al. 2007).

2.4. Optical images

For all these galaxies, we fetched optical images from the NGVS
survey (Ferrarese et al. 2012). Because the UV area we started
from is larger than the NGVS area, we obtained these observa-
tions for about half of our sample (84 out of 177 galaxies). For
the others, we fetched SDSS images. The optical images are not
crucial for the analysis in this work, but were used for visual
inspection allowing for instance to flag for possible contamina-
tion by nearby galaxies, or signs of star formation in the form
of spiral arms (Sect. 2.5) or other morphological peculiarities.
In order to have homogeneous data; however, we use the SDSS
photometry from the Koester et al. (2007) catalog for all our
galaxies in the i and r band (in order to test the relations found
in early-type galaxies and to test for the presence of a young stel-
lar population). We do not perform photometry measurements in
the optical images in this work.

2.5. Visual inspection

A visual inspection of our images was performed. This step was
important for this work for several reasons:
1 http://www.galex.caltech.edu/researcher/
techdoc-ch5.html

• we identified four BCGs with strong signs of star formation
(spiral arms, prominent and spread out UV emission) that
would obviously pollute any signal from the UV upturn;
• we identified objects for which the UV photometry was pol-

luted by a nearby companion. In optical images, it is easy to
spot small companions that are unimportant in optical bands,
but that can be the dominant source in the UV images if
they are star-forming. Considering the GALEX PSF, in these
cases the flux in the BCG region could be due to these com-
panions and not to the BCG. Comparing the images, we can
easily say when the UV emission is centered on a companion
rather than on the BCG;
• we chose the best circular aperture for this work. Having

measurements in a collection of apertures, we could see in
the image the surface covered by each aperture. We then
selected the best one according to the following rules: (1)
if possible the aperture including all the emission observed
in the UV image (when not possible, our magnitude was
flagged as partial) and (2) in any case, an aperture not pol-
luted by a nearby companion (when not the case, we used
another flag to indicate contamination).
The inspection was performed independently by two people

(O.C. and S.B.). A small discrepancy occurred for 25% of the
galaxies (in most of the cases a different optimal aperture was
chosen with a different flag). The discrepancies were resolved
through discussion (usually adopting the smaller aperture to
avoid possible pollution by a companion).

Table 4 provides our results concerning the photometry,
including the exposure time, the chosen aperture, the FUV and
NUV magnitudes and their 1σ uncertainties. We have 11 galax-
ies without FUV measurements (measured flux below the sky
level). In this case the table indicates a −99.9 magnitude and the
−1σ column is replaced by the limiting magnitude as deduced
from the sky noise measurement.

Table 5 provides the flags. For both FUV and NUV, a flag
can be “ok” (the aperture encompasses all the observed emis-
sion in the image and there is no contamination), “part.” (we
had to use a smaller aperture than the full observed emis-
sion to avoid contamination), or “contam.” (the flux is likely
to be contaminated by a nearby source, usually a star-forming
galaxy). When possible, we preferred to have a part. flag, with
a meaningful color in a small aperture, but in some cases, it
was impossible to avoid a contamination. We also added some
notes that indicate clear signs of star formation and spiral arms
(“spiral structure”), presence of arcs (“arc”), or presence of
other signs that might be related to a merger or interactions
(“shells/tails/asymmetric/mergers”). These flags allow the iden-
tification of objects that may be affected for example by a recent
merger or by star formation. It may be useful to distinguish them
since, e.g., using GALEX imaging, Rampazzo et al. (2011) found
signs of star formation in their sample of 40 nearby early-type
galaxies in low density environments that can produce rings or
arm-like structures. At high redshift (0.2 to 0.9), Donahue et al.
(2015) found in their CLASH BCG sample that BCGs with star
formation activity indeed show perturbed morphology, while
quiet BCGs have a smooth aspect.

We found similar percentages of the various flags on the sub-
samples with deep NGVS or SDSS optical images. Our flags are
thus not affected by the source of the optical image that was
examined together with our UV images. The only exception is
the arc flag. We visually recognized four arcs, all of them in
the NGVS images. Deep high quality exposures are necessary
to recognize this feature. In our figures, we identify the galaxies
flagged for these different categories so that it is possible to see if
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Fig. 2. Difference between the central and global FUV-NUV color.
Galaxies with contamination or very large error bars (1σ interval on the
central or global color larger than 1.2 mag) are indicated by a pale green
circle. The dark blue symbols with error bars are all our other points,
including indications from the visual inspection results (see Table 4 and
text for details). In blue: obvious spiral structure (crosses); arcs (circles);
strong asymmetries, shells, tails, or signs of merger (squares). The red
circles indicate galaxies with the SDSS spectral subclass BROADLINE.
The dashed lines indicates 0 (no color gradient) and the dotted line is a
LOWESS fit to the dark blue points.

the one where they are found present differences in a systematic
manner with respect to the global sample or not.

2.6. Aperture issues

We also provide in Table 4 the central color, i.e., the color of the
innermost aperture. It provides an idea of the central upturn in
the case of an extended object, where the population responsible
for the upturn might be more concentrated (see Sect. 2.3). When
it was not possible to measure a FUV-NUV color in this aper-
ture, the table indicates −99.9 color. We found that the central
color correlates quite well with the total color. Figure 2 shows
the difference between the central and global color as a function
of redshift. Over the range of redshift considered, for an intrinsic
constant size, the observed size may change by a factor of about
2 with redshift. The difference in the selected optimal size com-
pensates for this effect. For galaxies with ok flags, we selected
mostly the 30- or 50-pixel apertures. We chose 50 pixels for most
of the nearby galaxies (z < 0.15), and 30 pixels for all the distant
ones (z > 0.25). Figure 2 shows that we do not introduce a color
trend by adopting the central color with respect to the global
one. The central color has in general smaller error bars than the
global color. The uncertainty is on average reduced by a factor
of 3 when using the 20 arcsec aperture with respect to the total
aperture. For this reason, in the following we perform an analy-
sis of the UV upturn in this smallest aperture. This has two main
advantages. First, by definition, our color does not correspond
to the total galaxy, but when we can have a total galaxy, they
correlate. We are thus not limited to galaxies without contami-
nation in the outer part (i.e., we can use galaxies having only a

Fig. 3. Central FUV-NUV vs. global NUV-r color-color diagram in the
best sample (colored by redshift). For comparison, pale green dots show
the location of the other BCGs. The vertical line indicates NUV-r = 5.4,
above which there should be no contamination from young stars, and the
horizontal line indicates FUV-NUV = 0.9, below which the UV slope
is consistent with a UV upturn (Yi et al. 2011). Peculiarities found in
our visual inspection (blue) or in the SDSS spectral subclass (red) are
marked as in Fig. 2.

partial magnitude). Second, the error bar is smaller, which allows
us to better distinguish trends. For the same adopted limit on
the error bar size, we obtain larger statistics. Of course, this is
not adequate for all analysis, thus Table 5 also provides the total
magnitude measured as described above.

This allows us to obtain what we call the “best sample”, i.e.,
64 BCGs with a central FUV-NUV color with global uncertainty
(sum of the error bars on each side) lower than 1.2 magnitudes,
and not contaminated.

2.7. Sample of local galaxies in GUViCS

A previous work on UV upturn in elliptical galaxies inside the
Virgo cluster, based on GALEX data, was performed by Boselli
et al. (2005). We refer the reader to this work for a detailed
analysis of local galaxies. We consider here a similar compar-
ison sample of local galaxies in the Virgo cluster, using the most
recent set of data (Boselli et al. 2014). For all galaxies, the UV
data have been taken from the GUViCS catalog of UV sources
published in Voyer et al. (2014). The optical data in the SDSS
photometric bands (Abazajian et al. 2009) have been taken, in
order of preference, from the SDSS imaging of the Herschel Ref-
erence Survey (Boselli et al. 2010), published in Cortese et al.
(2012), or from Consolandi et al. (2016). Given the extended
nature of all these nearby sources, all magnitudes have been
taken from imaging photometry of extended sources and thus
are total magnitudes.

Among this sample, we identify the seven galaxies being
central to subgroups in Virgo (Boselli et al. 2014) that are proba-
bly more similar to our BCGs than the other early-type galaxies
in the local sample.

3. Confirmed upturn sample

3.1. Using optical photometry to exclude recent star formation

Brightest cluster galaxies are not systematically quiescent sys-
tems: 10% to 30% of BCGs in optically selected samples show
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star formation or AGN activity (Donahue et al. 2015, and ref-
erences therein). A blue FUV-NUV is thus not necessarily the
result of an evolved upturn population and can be the result
of star formation activity. BCGs with star formation tend to
have morphological signs such as filaments, elongated clumps,
or knots (Donahue et al. 2015). From our visual inspection, we
have identified a few obvious cases that can be excluded when
focusing on the upturn phenomenon. Fortunately, Yi et al. (2011)
and Han et al. (2007) showed that combining the FUV-NUV
and NUV-r (or FUV-r) colors allows the separation of upturns,
compared to galaxies that are simply blue as a result of young
populations. Donahue et al. (2010) also showed that UV-optical
colors are sensitive to even modest amounts of recent star for-
mation. We thus present in Fig. 3 a FUV-NUV versus NUV-r
color diagram for our sample. The NUV-r color is sensitive to
young populations even if it does not probe exactly the same
rest-frame waveband at all redshifts: blue colors indicate the
presence of young stellar populations. We adopt the qualitative
limits of Yi et al. (2011) to confirm the detection of rising UV
flux when FUV-NUV is lower than 0.9; and the detection of a
young population component when NUV-r is bluer than 5.4 mag.
The galaxies that were flagged for spiral structures all fall on the
young population side of the NUV-r = 5.4 limit, three of them
being even among the bluest objects in our galaxies. The figure
clearly shows that we have a number of BCGs in the best sample
at all redshifts falling in the upturn/old stellar population part
of this diagram. We consider that these 27 BCGs are likely to
present a UV upturn.

Another possible contribution to blue FUV-NUV color
would be the presence of an AGN. O’Connell (1999) however
discusses the contribution of known bright nuclei in elliptical
galaxies (M87, NGC4278). Only 10% of the FUV luminosity is
related to the nuclei. While it could affect the FUV-NUV color,
this is marginal with respect to our observational uncertainties.
Moreover, the subclass from SDSS indicates one AGN and a few
BROADLINE objects in our sample. Only three of them pass
our UV photometry criteria (uncertainties, noncontamination).
These few objects do not distinguish themselves from the rest of
our sample, as can be seen in the figures where we marked them.
In summary, our results should not be affected by AGNs.

3.2. Spectroscopic confirmation

We show in Fig. 4 the SDSS Mg2 and Hβ Lick indices of the
“confirmed upturn” sample (and of the full sample for compari-
son). These features have been used in the context of UV upturn
studies since Faber (1983) and Burstein et al. (1988). SDSS pro-
vides values for many of our galaxies and the majority of our
upturn sample (24 out of 27). In local galaxies, a trend between
the Mg2 index and the strength of the upturn was found, with
stronger upturns in more metallic galaxies. With our sample of
BCG galaxies, we probe only the most massive of the galaxies
with respect to the local sample. We thus do not find a trend with
the Mg2 index as in the redshift 0 sample from Boselli et al.
(2005). Our confirmed upturn sample behaves as the local “cen-
trals”. As can be expected from color evolution of Fig. 1, the
BCGs are slightly bluer at higher redshift, but present similar
Mg2 values to the more massive of the local early-type galaxies
showing upturns.

In the nearby universe, the Hβ index has been used to dis-
tinguish galaxies with real upturn and those presenting residual
star formation. The bottom panel of Fig. 4 shows its value for our
full sample and confirmed upturns. We find a very mild trend of
bluer UV colors for smaller Hβ indices. This pattern is typical

Fig. 4. FUV-NUV color as a function of the Mg2 and Hβ Lick indices.
Galaxies not pertaining to our upturn sample are shown as pale green
dots. For the confirmed upturn galaxies, the symbols are colored accord-
ing to their redshift. Peculiarities found in our visual inspection (blue)
or in the SDSS spectral subclass (red) are marked as in Fig. 2. In the top
panel, the squares show the relation found in the local sample (larger
squares for centrals).

of upturns (Buzzoni et al. 2012). Blue UV colors related to star
formation are instead found with higher values of the Hβ index
(above 2 Å). Most of our BCGs are found with values between 1
and 2 Å, typical of the passive galaxies with UV upturns.

From this section, we conclude that even if our selection
of confirmed upturn is based on photometry alone, the spec-
troscopic information confirms the status of these galaxies as
quiescent with a real UV upturn, similar to that observed in the
Local Universe and not polluted by residual star formation.

4. Results

4.1. FUV-NUV color vs. luminosity

We compare in Fig. 5 the FUV-NUV color and i-band lumi-
nosity of the local sample, our BCG sample, and the upturn
sample. While some works have found an evolution with lumi-
nosity (Boselli et al. 2005), the color in our BCG sample
varies little with luminosity. However, the sample covers a small
range of i-band luminosity, since BCG have by definition higher
masses (well traced by the i-band luminosity) than the general
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Fig. 5. FUV-NUV color as a function of the i-band luminosity. Left panel: relation for the redshift 0 early-type galaxies (Sect. 2.7). The central
galaxies of the various subgroups in Virgo are indicated by larger symbols than the rest of the sample. These centrals are repeated in the other
panels (squares). Middle panel: our full and best sample (colored circles). We use the central FUV-NUV color (smaller error bar, larger statistics).
Galaxies with contamination or very large error bars (1σ interval larger than 1.2 mag) are indicated by a pale green circle. For the other galaxies,
the color corresponds to the redshift, as indicated in the color bar. Peculiarities found in our visual inspection (blue) or in the SDSS spectral
subclass (red) are marked as in Fig. 2. The dotted line is a LOWESS fit to our sample. Right panel: colored circles are used only for the galaxies
with confirmed upturn.

population of galaxies. The dispersion is reduced, however, when
we restrict the sample to galaxies with confirmed upturn with a
very mild trend.

The central galaxies in subgroups of Virgo are found in
the same range of luminosities as our BCGs. In this range, the
upturn sample is slightly bluer on average than the local sample,
in agreement with the K-correction that can be deduced from
Fig. 1. Loubser & Sánchez-Blázquez (2011) studied a sample of
36 nearby BCGs. Their FUV-NUV color (0.79 ± 0.055) is bluer
than normal ellipticals of the same mass, but they do not find
a strong dependence on mass or other parameters within BCGs.
This is similar to what we find at higher redshift on average.

4.2. FUV-NUV color vs. redshift

As seen in the Introduction, the evolution with redshift of the
UV upturn can bring direct constraints on the nature of stars
producing it. Rich et al. (2005) did not find any evolution of the
UV upturn up to redshift 0.2. Brown (2004) suggested that the
UV upturn fades progressively with redshift up to redshift 0.6.
Ree et al. (2007) compared the observed FUV-V color of nearby
ellipticals to the ellipticals in 12 remote clusters up to redshift
0.2, and also compared this color to six objects in two clusters at
redshifts around 0.3 and 0.5, suggesting a weak evolution of this
color (they did not show the evolution of the FUV-NUV color,
but provided the corresponding data in their table). Le Cras et al.
(2016) has suggested that the UV upturn appears at redshift 1 in
massive galaxies and becomes more frequent at lower redshift.
Their work is based on the fitting of line indices in synthesis
population models where they can include a UV upturn com-
ponent. They found that the rate of galaxies better fitted with
models including an upturn is of 40% at redshift 0.6 and 25% at
redshift 1. A weak evolution could be consistent with the binary
model of Han et al. (2007), but the constraints are still scarce,
and our sample can bring new information.

Figure 6 shows our measurement of the observed FUV-NUV
color as a function of redshift for the BCG sample. Here, we use
the best sample, i.e., all the galaxies with good constraints on the
FUV-NUV color, which can be directly compared to published
works with similar data. In the next section, we focus instead on

Fig. 6. Observed FUV-NUV color as a function of redshift. The gray
squares are the redshift 0 centrals of Virgo subgroups (Sect. 2.7). The
diamond is the average value of Loubser & Sánchez-Blázquez (2011),
the error bar corresponding to the range of values they found for local
BCGs. Intermediate redshift BCGs of Ree et al. (2007) and Donahue
et al. (2010) are shown as orange triangles and magenta pentagons,
respectively. The circles correspond to our sample for which we use
the central FUV-NUV color (smaller error bar, larger statistics). Galax-
ies with contamination or very large error bars (1σ interval larger than
1.2 mag) are indicated by pale green circles, others by dark blue cir-
cles with corresponding error bars. Peculiarities are marked as in Fig. 2
(noted in our visual inspection in blue; noted in the SDSS spectral sub-
class in red). The solid (dashed) curve shows the FUV-NUV color for
the upturn spectrum of NGC1399 (for a flat spectrum) as a function
of redshift. A LOWESS fit to our sample combined with the points of
Donahue et al. (2010) and Ree et al. (2007) is indicated as the dotted
line.
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the confirmed upturn that can be defined using optical photom-
etry. Our galaxies are compared to the other samples of BCGs
with published FUV-NUV colors: the 36 local BCGs of Loubser
& Sánchez-Blázquez (2011) for which we indicate the average
value and observed range of color, and at intermediate redshifts
the BCG samples of Ree et al. (2007) and Donahue et al. (2010).
Our sample adds new points at redshift lower than 0.2, and brings
unique measurements in the redshifts 0.2 to 0.3, namely a sig-
nificant increment in look-back time. When a FUV-NUV color
could be measured with a global range of uncertainty lower than
1.2 magnitude (this is an arbitrary value that we chose in order to
balance precision and statistics), we do obtain relatively blue col-
ors. Most of these galaxies are bluer than the flat spectrum that
we used as an artificial reference, as expected in the case of an
upturn. A LOcally WEighted Scatterplot Smoothing (LOWESS)
fit (implemented in Python by Cleveland 1979) performed on
our BCGs combined with the two intermediate redshift samples
stresses the trend of obtaining bluer colors at higher redshifts.
However, this blue color is not necessarily a sign of a UV upturn,
as discussed above. We thus study the FUV-NUV color as a
function of redshift for confirmed upturn in the next section.

4.3. Detected UV upturn up to look-back times of 3.5 Gyr

In Fig. 7, we finally show the FUV-NUV color as a function of
redshift for our BCGs, this time indicating only the BCGs for
which a UV upturn is considered very likely based on the color–
color diagram and the spectroscopic confirmation discussed in
Sect. 3.

We include in the figure the evolution predicted by different
models. At all our redshifts, we selected very massive passive
galaxies. It is likely that their stellar mass or i luminosity does
not evolve much over the considered period since their star for-
mation must have occurred at much earlier times in such galaxies
(Thomas et al. 2005). The FUV-NUV evolution with redshift
may thus be close to the actual color evolution of passively
aging very massive galaxies. However, we cannot be sure that
we select the precursors of redshift 0 upturn galaxies when we
select upturns at higher redshift. Thus, the evolution with red-
shift that we present is not necessarily the evolution occurring
in any individual galaxy. Even so, our results bring a new con-
straint for the stellar evolution models producing a UV upturn
since models should at least predict the possibility of an upturn
at the redshift when it is observed, which is not necessarily the
case for all models.

The rest-frame FUV-NUV colors for the SSP models of Han
et al. (2007) are shown in the top panel. We computed rest-frame
colors for our galaxies assuming the NGC1399 spectrum. In
future model computations, it should be straightforward to obtain
the observed color to compare it directly to the values provided
in our tables to avoid this step. The weak evolution they propose
is quite consistent with the lack of evolution found in our sample
and the colors are globally consistent with these galaxies; we
recall that they do not represent the full population of BCGs, but
those presenting a UV upturn, which is a significant fraction (27
out of the 64 galaxies in the best sample).

We also show in the figure four typical models among those
presented in Yi et al. (1998) for two infall accretion histories and
for two values of their mass-loss efficiency parameters. We refer
to their paper for a more detailed description of their models. In
this case, we reproduce their prediction for the observed color
m(1500)–m(2500), which are not the GALEX bands but probe
the UV slope in a similar wavelength range. These models tend
to be characterized by more ample and rapid variations than the

Fig. 7. FUV-NUV color as a function of redshift as in Fig. 6, but keeping
only our BCG galaxies with old populations and UV upturn, as defined
by the bottom right part of Fig. 3 (confirmed upturn sample). In the top
panel, we show the rest-frame color. We corrected the observed points
assuming the NGC1399 spectrum since we selected upturn galaxies. In
the bottom panel we show the observed color. In each panel our points
are compared to model predictions. The shaded area indicates the evo-
lution of the rest-frame color for a SSP model of Han et al. (2007)
including binaries (assuming a redshift 5 formation). The dot-dashed
lines indicate the observed colors in typical models of Yi et al. (1998)
based on single stars, for infall histories from Tantalo et al. (1996) for
two galaxy masses (1012 and 5× 1011 M�), and two mass-loss efficiency
parameter (0.7 for the two lower and 1 for the two upper curves). The
dotted curve is a LOWESS fit to our data.

Han et al. (2007) model is. Such large variation is not favored by
our data (at least for a fraction of the BCG population).

We note that the models were basically constructed on the
basis of redshift 0 constraints, with large uncertainties on the
population responsible for the UV upturn. The inclusion of
binary evolutions by Han et al. (2007) seems to help reproduce
the observed upturn at look-back times of around 3 Gyr that we
find in many of our galaxies.

Ciocca et al. (2017) recently found at redshift 1.4 blue color
gradients in ellipticals in one cluster, with bluer UV-U colors
in their center that may indicate the existence of a UV upturn
population at even higher redshift.

4.4. Environment influence on the UV upturn?

We verified whether there is a correlation between the
FUV-NUV color and other parameters in the maxBCG catalog.
We could not find any significant trend, especially with those
parameters related to the environment (e.g., number of cluster
members). This is consistent with the findings of Yi et al. (2011)
and Loubser & Sánchez-Blázquez (2011), suggesting that the UV
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upturn is intrinsic to galaxies and not directly related to their
environment.

5. Conclusions

This work extends by a factor of several the size of BCG sam-
ple providing constraints on their UV color. For the first time,
we bring constraints on this subject to the redshift range 0.2–
0.35, almost multiplying by 2 the look-back time with respect to
previous studies.

We took advantage of the GUViCS survey to study the FUV-
NUV color (probing the UV slope) of 177 massive galaxies of
the maxBCG catalog. Even if it is poorly constrained for many
of them (due to their intrinsic faintness, and low exposure time in
part of the GUViCS survey), we measured the FUV magnitude
for 166 objects in this sample. Removing from this sample the
galaxies with relatively large uncertainties and those with con-
tamination, we obtained an interesting constraint (sufficient to
distinguish different models) on the (central) FUV-NUV color
of 64 BCGs at redshift 0.05 to 0.35.

Our most important result is that 27 out of the 64 BCGs
with good photometry at these redshifts present the character-
istic of a UV upturn. They are selected on the basis of their
blue FUV-NUV color, and of red optical colors suggesting
an old underlying stellar population. The quiescent nature of
these galaxies is confirmed by spectroscopic information. They
bring important constraints for models of the stellar populations
responsible for the UV upturn phenomenon in very massive
early-type galaxies. The comparison of our new data set with
models from the literature favors a mild evolution with redshift
like that obtained by models taking into account the effect of
binaries on stellar evolution (Han et al. 2007). In conclusion, our
data favors the existence of a binary channel to produce very hot
stars that can produce a UV upturn, even up to redshift 0.35. This
empirical work cannot give a definitive answer, however. Our
tabulated data should offer a new constraint for future models of
stellar evolution.

From the empirical point of view, follow-up work could be
done to increase the statistics on the basis of extensive UV and
optical data sets. Especially, a search for all massive galaxies,
ellipticals, and BCGs in the NGVS optical catalog, and a similar
systematic measurement of the UV color, but also of the UV-
optical colors would be useful. In the long term, future large UV
facilities (e.g., LUVOIR) could allow us to directly probe the UV
spectrum of massive galaxies, providing more direct constraints
on this still enigmatic phenomenon.
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