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2 Kars Verbeek et al.

Figure 1. g vs. (g − r) colour-magnitude diagram of field UVEX 6162 (l=80.76, b = –1.90). Data shown are all stellar and probably
stellar detections in the r- and g-bands with a photometric error smaller than 0.1 magnitudes in these bands. The solid lines show our
automated selection technique and the outline of the (g − r) colour at which the g-band magnitude peaks (right, thick line), and the 3σ
limit for each g-band magnitude bin (left thin line), called the ‘blue edge’. All sources more than 3 times their own photometric error to
the left of this blue edge are selected (here plotted with their own photometric errors). The error bars on the right side show the average
photometric error in (g − r) per bin.

neutron star and black hole binaries. Our understanding of
these populations is often limited due to the small number
of known systems and/or strong selection biases in known
samples (see e.g. Pretorius, Knigge & Kolb, 2007).

Traditionally blue/UV surveys, targeting quasars
and AGN, specifically concentrate on higher Galactic
latitudes to avoid the problems of crowding and dust
extinction. The post-common-envelope objects mentioned
above are generally hot but intrinsically faint so their
absolute visual magnitudes are several magnitudes lower
than main-sequence stars with similar colours. In the plane
of the Milky Way an intrinsically blue, low-luminosity
population of objects is visible in the g vs. (U − g) and g
vs. (g− r) colour-magnitude diagrams as UV-excess sources
against a background of higher luminosity, more distant
and therefore more highly reddened, objects. Examples
of colour-magnitude diagrams and colour-colour diagrams
showing this effect are shown in G09 (Figs. 13 and 14) and
Figs. 1 and 2 above.

It is our aim to distinguish UV-excess sources from
the normal main-sequence stars in a user-independent way
and we have therefore developed an automated selection
technique to construct our catalogue, presented in Sect.

2. In Sect. 3 we apply this selection technique to the
UVEX data of 211 square degrees and analyse the spatial,
magnitude and colour distributions of the UV-excess sources
selected from this area. In Sect. 4 we classify the UV-excess
sources making use of the IPHAS database, cross-matches
to Simbad and synthetic colours of stellar populations as
presented in G09 and Drew et al. (2005). Finally in Sect. 5
we summarize the results and conclusions of our selection
algorithm and catalogue of UV-excess candidates.

2 SELECTION OF UV-EXCESS SOURCES

The selection algorithm is based on a field-to-field compar-
ison of the colour of UV-excess objects to the bulk of the
main-sequence stars. Due to variable reddening the actual
selection limits in (U−g) and (g−r) colours will not be con-
stant with Galactic position, see Sect. 5. The amount of red-
dening due to dust extinction can vary strongly with Galac-
tic latitude and longitude (see e.g. Schlegel et al., 1998). The
selection of UV-excess sources is a multi-stage process which
will be described here.

Ultra-Compact 
Binaries

Initial work 
focused on 
variability

These systems are 
intrinsically blue

Field-by-field 
colour selection 
inspired by 
Verbeek et al. 
(2012), The UV-
Excess catalogue 
from UVEX Survey.
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Calculate the standard deviation (σ) of the colours.
Assign an object as “blue” if it is
(a) on the blue side of the 3σ cut-off, and
(b) not closer than 3 times of its own photometric 
error to the 3σ cut-off.
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the conditions were not optimal since thin clouds and/or poor seeing were present. Even so, the
spectra are good enough to reveal the nature of the most of the observed objects (Table 3.1).

GTC, is a 10.4 metre telescope based at the Roque de los Muchachos Observatory on
the island of La Palma, in the Canary Islands in Spain. Since 2009, it is the world’s largest
single-aperture optical telescope. OSIRIS2, is a multiple purpose instrument for imaging, and
long slit and multiple object spectroscopy with low-resolution. It is sensitive in the wavelength
range from 3650Å through 10500Å. The field of view of OSIRIS is 7.8 x 8.5 arcmin (7.8 x 7.8
arcmin unvignetted), and 7.5 x 6.0 arcmin, for direct imaging and multi-object spectroscopy,
respectively. Its spectral resolution varies between R=360 and R=1122 depending on the grism
and slit width. We used the R100B grism with 1.0” slit; thus our spectra have R⇠ 653 at 5455Å
and a wavelength range of 3630Å –7500Å.

Table 3.1: The sources which we obtained optical spectra using the GTC. ID column is in
RATJ[hhmmss.ss][±ddmmss.ss] format, where [hhmmss.ss] is RA and [±ddmmss.ss] is Dec.
For brevity, I used a short version (RATJ[hhmm][±ddmm]) in the text to refer to the objects.
GTC ID is the Observation Block name. The magnitudes are in AB system. The last column
indicates the classifications that we assigned: He-sdO for helium-rich subdwarf O, sdB and sdO
for B- and O-type subdwarfs, (s)dB for subdwarf or main sequence (dwarf) B star, DA for DA
white dwarf, QSO for Quasi-stellar Object, sd+CoolMS? for a—possible—binary consisting of
a hot subdwarf and a late-type main sequence star...

ID GTC ID Obs. Date Exposure g0 U �g0 g0 � r0 Type
RATJ175431.29+013753.2 OB0050 20130514 3 x 600 sec 17.41 �0.15 �0.02 He-sdO

RATJ175914.97+011906.4 OB0055 20130514 2 x 600 sec 16.85 0.13 �0.11 He-sdO

RATJ180054.43+003232.0 OB0056 20130514 2 x 600 sec 16.12 �0.18 �0.02 He-sdO

RATJ175526.97+013207.3 OB0052 20130514 2 x 1200 sec 18.34 0.46 0.38 sdB

RATJ180036.57+022358.0 OB0057 20130514 2 x 600 sec 17.56 �0.03 �0.12 sdB

RATJ181931.29+053751.0 OB0069 20130701 2 x 400 sec 18.03 0.06 �0.11 sdB

RATJ180441.91+013832.9 OB0059 20130517 3 x 300 sec 17.26 0.51 0.29 (s)dB

RATJ181752.11+074008.6 OB0068 20130520 2 x 400 sec 18.03 0.10 �0.21 (s)dB

RATJ182318.33+082437.5 OB0060 20130520 3 x 300 sec 17.38 0.09 �0.19 sdO

RATJ180438.61+022226.8 OB0066 20130620 2 x 500 sec 18.68 �0.03 �0.20 sdO

RATJ175436.44+013339.1 OB0051 20130514 2 x 900 sec 19.06 0.34 0.05 DA

RATJ180324.64+013853.1 OB0064 20130620 2 x 400 sec 18.09 0.05 �0.25 DA

RATJ175738.28+013816.7 OB0053 20130514 2 x 600 sec 18.70 0.67 0.37 QSO

RATJ183350.57+282156.0 OB0070 20130620 2 x 450 sec 18.65 0.46 0.29 QSO

RATJ181746.01+072117.8 OB0067 20130520 2 x 400 sec 18.10 0.37 0.43 sd+CoolMS?

RATJ180025.28+012127.4 OB0063 20130620 2 x 400 sec 18.32 �0.14 �0.03 sd+CoolMS?

RATJ175917.90+022516.5 OB0061 20130605 2 x 400 sec 18.59 0.20 0.18 sd+CoolMS?

2http://www.gtc.iac.es/instruments/osiris/

Mining the RATS archive for compact blue stars
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4.3 Spectral Classification

Since our new UVES data are of much higher quality than the GTC spectra (Chapter 3), I
have derived the spectral classification of both sources with the new data using the same
method and standard spectra (?) that I have used in Chapter 3. The method is to compare
the spectra, which have been re-sampled to classification resolution (1Å) to the spectra from
? standard spectra library. The basic criteria entails a comparison of the HeI and HeII line
profiles. As one can see in the Figure 4.4 for RATJ1754+0137 and 4.5 for RATJ1759+0119,
which show standard spectra ordered with decreasing Teff, HeI 4471Å and 4713Å lines get
deeper while HeII 4541Å and 4686Å lines get shallower. The HeII Pickering lines 4338Å and
4859Å, which coincide with Balmer lines, also follow the trend as long as the H abundances
(or He classes) of the standards are similar. Despite the difference in the spectral resolution
between the UVES and GTC spectra the results are consistent: RATJ1754+0137 has a spectral
class between sdOC7VII:He40 and sdOC8VII:He40 as it has a spectrum which is cooler then
subclass of 7 while hotter then 8 (Figure 4.4), while RATJ1759+0119 has a spectral class of
sdOC9VII:He40 (Figure 4.5). Based on these spectral classifications, we predict approximate
values for Teff, logg and log(nHe/nH) values for our stars using Equation 1.2, as seen in Table
4.5.

Table 4.5: The results of the classification using a manual Drilling classification and spectral
fitting as explained in Section 4.4. log(nHe/nH) values given for Drilling classification are the
values of standard spectra, and obviously too less for our objects. “Spectral Type Index”is
calculated using Teff found by spectral fitting, via Equation 1.2.

RATJ1754+0137 RATJ1759+0119

D
ri

lli
ng

C
la

ss
ifi

ca
tio

n Class sdOC7.5VII:He40 sdOC9VII:He40
Teff [K] 44000±1600 40000±1600

logg [cgs] 5.0 5.0
log(nHe/nH) 1.3 1.0

Sp
ec

tr
al

Fi
tti

ng

Spectral Type Index 6.9±1.4 8.5±1.4
Teff [K] 46000±2000 42000±2000

logg [cgs] 6.2±0.4 5.4±0.4
log(nHe/nH) 4.0 4.0

Mining the RATS archive for compact blue stars
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