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THE GALACTIC HALO AND BHB STARS
The information of the assembly history of our Galaxy is stored in
the halo (see Fig. 1), either in the form of coherent structures in
space and velocity of its constituent stars, or as chemical imprints
in those stars.
Blue horizontal branch (BHB) stars are intrinsically luminous
(Mg 0.6 mag, Deason et al. 2011[1]), evolved (population II) stars
(see Fig. 1). The first characteristic means that they can be observed
at large distances (several 100’s of kpc), which in conjunction with a
low dispersion of their intrinsic luminosities, made them fairly dis-
tance indicators (a.k.a standard candles) with an accuracy 5%. In
addition, they trace old stellar populations, being therefore ideal to
study of the Milky Way halo. However, they are relatively sparse,
so wide-field surveys are needed to construct large samples. More-
over, field BHB-star samples traditionally have suffered from rel-
atively high levels of contamination (e.g., Deason et al. 2011[1],
Vickers et al. 2012[2]), what has hindered their use.
Among the main questions about the Galactic halo and its connec-
tion to the merger history still to be addressed is the shape of its
radial density profile, which has been studied using star counts for
decades but no consensus model has emerged even using the same
stellar tracer (e.g., Fukushima et al. 2019[3]).

Figure 1: Left: Schematic view of the principal stellar components of the
Galaxy. Credit: Adapted from an original by ESA. Right: HR diagram (lu-
minosities vs spectral type) showing the main evolutionary steps of the
stars up to the AGB. Although BHB stars are intrinsically more luminous
than BSS stars, when studying the halo their apparent magnitudes get
mixed with field BSS due to their different distances. Credit: Murdin et
al. 2001[4].

J-PLUS PHOTOMETRY AS A TOOL

The Javalambre Photometric Local Universe Survey (J-PLUS, Ce-
narro et al. 2019[5]) is an optical survey conducted with an 83-cm
telescope (JAST80, see left panel of Fig. 2) from the Observatorio
Astrofísico de Javalambre (OAJ; Teruel, Spain) that provides im-
ages in 12 bands (7 medium-to-narrow + 5 broad, see right panel
of Fig. 2). Its panoramic camera (T80Cam) has an array of 9.2 x
9.2 kpix CCDs that covers a 2 sq. deg FoV with a plate scale of
0.55"/pixel. The second data release (DR2) of J-PLUS comprehends
2,200 sq. deg (δ>-5 deg, |b| > 10 deg).
The first goal of our work is to disentangle BHB stars from their
contaminants using photometric proxies of surface gravity, taking
advantage not only of the information provided but the narrow-
band filters that target key stellar features but also of the wave-
length coverage of all the bands. The second goal is to use these
BHB stars to study the density profile of the Galactic halo.

Figure 2: Left: Image of the JAST80, and its panoramic camera, T80Cam.
Credit: J-PLUS web page. Right: The 12 filters that comprehends the J-
PLUS filter system. Credit: Cenarro et al. 2019[5].

BLUE COLORS AS SURFACE GRAVITY INDICATORS

Figure 3: Left: Classification with the method that uses the uJAVA-J0378 color (M1). Middle: Spectroscopic confirmed sources on the same color-color
diagram as previous panel. Right: Classification with the method that employs uJAVA-J0395 color. Caveat: a tiny fraction of the sample is beyond the
boundaries of the plots shown here (<0.4% (12 sources) in the case of M1 and <0.2%(5 sources) in the M2 case. The whole sample has 5,600 sources).

In this work, we have developed three methods to disentangle BHB stars from their contaminants (primarily, blue straggler stars or BSS)
based on their different location in color-color (cc) spaces. Blue colors (using bands with central waveleghts bluewards of 4,000 Å) have
shown to be particularly efficient for this task (Wan et al. 2018[6]; Starkerburg et al. 2019[7]) as they probe the region of the Balmer jump,
which is sensitive to surface-gravity for A-type stars.
J-PLUS has two narrow-band filters in that region: J0378 and J0395. By constructing color-color diagrams using uJAVA-m vs g-r, where m
is one of those narrow-band filters (see Fig. 3), the median distance between the locations of BHB and BSS stars (>0.2 mag) is more than
two times that reported using SDSS broad-bands (<0.1 mag, Deason et al. 2011[1]), while the intrinsic dispersion of the BHB stars is a factor
of two lower, and that of BSS only increase by a 1.2 factor. By comparing with the spectroscopic catalog of Xue et al. 2008[8], the selections
using these colors have mean probabilities of PBHB=0.8, and PBSS=0.9, for 11.7<g<18.5 mag, with a median completeness of 95%. Notice
that the shape of the locus of a population is not the same in the two methods. The shape of the loci has been chosen as those that provide
the lower Bayesian information criterion (BIC).

COMBINING MULTIPLE COLORS: SED FITTING

Figure 4: Upper panel: SED of a confirmed BHB star (black line, and col-
ored markers in the upper figure) along with the SED models for BHB
(cyan) and BSS (red) for its (g-r) color. Lower panel: Residuals for the best
fitting model (scaled to the uncertainties).

Surface gravity information is also known to be packed at the re-
gion of the Paschen lines (Lenz et al. 1998[9]; Vickers et al. 2012[2]).
To combine all possible information from the near-UV (∼ 3,485 Å)
to the near-IR (∼9,114 Å) wavelength range, we have developed
spectral energy distribution (SED) models for BHB, and BSS stars
(see Fig. 4) based on their locations in 10 cc diagrams. Then, by
combining the information in all the cc, we have assigned probabil-
ities of being BHB, BSS, and Outlier. Relying on the spectroscopic
classification from Xue et al. 2008[8], the mean probabilities are
PBHB=0.9, and PBSS=0.9 (with a median completeness of 95%).

DENSITY PROFILE

Figure 5: Upper panels: Density profiles obtained using our 3 selections of
BHB stars based on J-PLUS data. For each selection, we display the SPL,
BPL and Einasto profile resulting from the fitting of the observational data.
Lower panels: A brief summary of the recent results from the literature on
the density profile of the halo: using HB (left), and other (center) tracers.

We have studied the radial density profile of the Galactic halo
between 10 and 35 kpc with our 3 different selections of BHB stars,
finding that it is well described by a broken power law as well as
an Einasto profile using spherical models (q=1). By allowing oblate
models (fixed q=0.65, Bland-Hawthorn & Gerhard 2016[10]), the
same conclusion holds. We have excised the most larger, known
overdensities using the masks proposed by Bell et al. 2008[11]
(Virgo, and some parts of Sgr), and Starkenburg et al. 2019[7] (the
rest of Sgr stream).

VALIDATING THE DIFFERENT CLASSIFICATIONS

Figure 6: Validation test for the probabilities of being BHB stars obtained for the different classification methods used in this work (different panels). In
each panel, the different color dots and errorbars represent different probabilities obtained using different priors. See the text below for further details.

We have tried different priors for each classification in order to get the most reliable probabilities as possible (in other words, the best
agreement with the spectroscopic sample). For the methods that use only one cc diagram, three types of priors have been adopted: fBHB=0.5
(non-informative), fBHB=f(g-r), and fBHB=f(g,g-r). For the SED fitting method, we have only considered the first two types. The validation
test in the figures (see López-Sanjuan et al. 2022a[12]) shows the correspondence between the median probability for being a BHB star
in a range compared to the fraction of confirmed BHB stars in that range. Note that we only employ stars with spectroscopic label in
the tests. Then, if the probabilities are realible, we expect that they follow the 1:1 relation shown as a black dashed line. As an extra test
(also borrowed from López-Sanjuan et al. 2022a[12]), we show inside the figures (see inserted text), the different total numbers of each
population computed by summing the probabilities using the different priors.
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