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ABSTRACT

We describe the results of a search for early-type stars associated with the Taurus-Auriga molecular cloud
complex, a diffuse nearby star-forming region typically noted as lacking young stars of intermediate and high
mass. We investigate several sets of possible O, B and early A spectral class members. The first set is a group
of stars for which mid-infrared images show bright nebulae, all of which can be associated with stars of spectral
type B. We model the scattered and emitted radiation from the reflection nebulosity and compare the results
with the observed spectral energy distributions to test the plausibility of association of the B stars with the
cloud. The second group of candidates investigated consists of early-type stars compiled from (i) literature
listings in SIMBAD; (ii) B stars with infrared excesses selected from the Spitzer Space Telescope survey of the
Taurus cloud; (iii) magnitude- and color-selected point sources from the Two Micron All Sky Survey; and (iv)
spectroscopically identified early-type stars from the Sloan Digital Sky Survey coverage of the Taurus region.
We evaluated stars in these categories for membership in the Taurus-Auriga star formation region based on
criteria involving: spectroscopic and parallactic distances, proper motions and radial velocities, and infrared
excesses or line emission indicative of stellar youth. This investigation newly identifies as probable Taurus
members three B-type stars: HR 1445 (HD 28929), 7 Tau (HD 29763), 72 Tau (HD 28149), and two A-type
stars: HD 31305 and HD 26212. Several additional sources meet some, but not all, of the membership criteria

and are plausible, though not secure, members.

Subject headings: stars: early-type, stars: Herbig Ae/Be, stars: formation, ISM: clouds

1. INTRODUCTION

The Taurus-Auriga molecular cloud complex (hereafter
“Taurus”™) is the quintessential region of nearby recent star
formation. It is characterized by low star-formation efficiency
(Goldsmith et al.||2008) and the absence of high-mass young
stars (Kenyon et al.|2008)) and it stands in contrast to more dis-
tant, massive, and dense star-forming environments like the
Orion Molecular Clouds. Taurus lies at a mean distance of
about 140 pc with a depth of 20 pc or more (Kenyon et al.
1994; Torres et al.|[2007, |2012) and spans approximately 100
square degrees on the sky, or about a 25 pc diameter at this
distance. The cloud currently has about 350 known members,
mainly low-mass stars with M < 0.5 Mg, and only about 10
members identified with M > 1.5 M. Much effort over the
past decade in Taurus has been directed towards completely
defining the low-mass stellar and sub-stellar population.

A comprehensive review of Taurus is given by Kenyon
et al.| (2008). Major recent contributions to our knowledge
include: (i) mapping of the molecular gas (Goldsmith et al.
2008}, |[Narayanan et al.[2008)) and dust (Lombardi et al.[2010;
Palmeirim et al.[2013) comprising the cloud; (ii) determina-
tion of the distance of individual young star members, through
Very Long Baseline Interferometry (VLBI; [Torres et al.[2009)
parallaxes; (iii) improvement of the young stellar object cen-
sus including new stellar and brown dwarf members (Rebull
et al.|2010; [Luhman et al.|2009\ [2010; [Takita et al.|2010; |Re-
bull et al.2011) as well as new companions to known objects
(Kraus et al.|[2011); (iv) measurement of proper motions us-

ing optical and VLBI techniques, (Torres et al.[2009; Luhman
et al.[2009); (v) provision of evidence for mass segregation
(Kirk & Myers|[2011}; [Parker et al.|2011); and (vi) searches
for outflows (Narayanan et al.|2012} Bally et al.[2012).

In particular, a Spitzer program directed at Taurus (Giidel
et al|2007; Rebull et al.| 2010, PI D. Padgett) produced
large-scale multi-wavelength maps of the clouds. Photome-
try from this survey has improved our understanding of both
the stellar/sub-stellar membership and the incidence of proto-
planetary disks. Motivating the investigation described in this
paper are four large and two smaller / weaker reflected and/or
scattered-light nebulae found in these mid- and far-infrared
images, shown in Figure[]

Each of the large nebulae is illuminated by a point source.
Three of these sources (HD 282276, HD 28149 = 72 Tau, and
HD 29647) are known B stars which, in the literature to date,
have been assumed to be background stars and have been used
to study the physical and chemical properties of the molecular
cloud. The fourth source (V892 Tau) is a well-known Herbig
Ae/Be type member of Taurus that also illuminates an optical
reflection nebula — an original defining characteristic of the
Herbig Ae/Be population. The two smaller/weaker nebulae
are also associated with early-type or high luminosity stars
(HD 28929 = HR 1445, and IC 2087). The nebular regions
for all six of these sources appear brightest at mid-to-far in-
frared wavelengths; optical nebulosity, when present, is weak,
except in the case of IC 2087.

The proximity of these early-type stars to cloud material,
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as evidenced by the mid-infrared nebulae, suggests that rather
than being background stars as they have been traditionally
considered, they may be heretofore unappreciated early-type
members of Taurus. The association of these stars with promi-
nent nebulosity is not, however, sufficient evidence that they
are genuine members of Taurus. Instead, they could be stars
of early type that are physically unassociated but fortuitously
located with respect to either the Taurus molecular cloud com-
plex itself or smaller patches of locally-enhanced density in
the interstellar medium (ISM). Reminiscent of this situation
is the Pleiades star cluster, which is passing through and il-
luminating denser-than-average ISM that is physically unas-
sociated with the stars themselves. In this contribution, we
explore the evidence for physical association.

The earliest-type already-known members of the Taurus
star forming region are generally considered to be IC2087-IR
(estimated at B5 based on bolometric luminosity and heavily
self-embedded with a continuum-emission optical spectrum),
the binary system V892 Tau (Elias 1; a B§-A6 self-embedded
Herbig Ae/Be star with a near-equal brightness companion),
the triple system HD 28867 (B8 +2xB9.5), AB Aur (AOe,
a Herbig Ae/Be star), and HD 31648 (MWC 480; A2e, an-
other Herbig Ae/Be star). There are no associated F stars [[]
and the next earliest types are HP Tau/G2 (G0) and SU Aur
(G2). Notably, almost all of these earliest-type members of
Taurus harbor significant amounts of circumstellar material,
the HD 28867 systemﬂbeing the exception.

While no systematic investigation for high-mass stars as-
sociated with Taurus has been performed recently, there has
been historical interest in early-type stars seen towards this
star-forming region. [Blaauw| (1956) identified Casseiopeia-
Taurus (hereafter Cas-Tau) as an OB association lying be-
tween 140 and 220 pc using the convergent-point method.
There was ensuing debate concerning the relationship of the
young Taurus-Auriga molecular cloud to the older Cas-Tau
OB association, but it has now been resolved that they are un-
related in both space and age (see below). Next in historical
sequence was AB Aur, an original Herbig Ae/Be star (Her-
big||1960) and then the highly veiled young stellar object IC
2087-IR (Elias|1978)).

How many higher-mass stars should there be in Taurus?
Using the number and distribution of the known low-mass T
Tauri stars and the assumption that weak-lined T Tauri stars
(WTTS) are far more numerous (as high as 10:1) than classi-
cal T Tauri stars (CTTS), |Walter et al.| (1988) argued from a
sparse X-ray survey of Taurus with Einstein that there should
be ~ 10% low-mass members of Taurus. The initial mass
function (IMF) appropriate for young star clusters (Miller &
Scalo|[1979) would then also predict the existence of a few
tens of B star members. The search for these B stars cul-
minated with [Walter & Boyd (1991) identifying 29 possible
members of the Taurus-Auriga T association based on their

I HD 283759 (F2-F3) and V410-Anon24 (F9-G3) have at various times
been suggested as members, but both are well underluminous with respect
to the other stars in this list if assumed to be at the same distance, and not
particularly obscured.

2 This source is to the south of the main Taurus-Auriga clouds and not
otherwise discussed in this paper.

spectroscopic parallaxes and proper motions. However, the
large number of low-mass Taurus member stars predicted by
Walter et al.| (1988) were not found in the proper-motion sur-
vey by [Hartmann et al.| (1991), who suggested that many of
the stars found in the X-ray survey by Walter et al.| (1988) be-
long to the older and more distant Cas-Tau group, and that the
assumption of a uniform distribution of T Tauri stars is not
correct. While Walter & Boyd|(1991)) had concluded that the
Tau-Aur T association was related to the Cas-Tau OB associ-
ation, |[de Zeeuw et al.| (1999) showed that these are kinemat-
ically distinct groups and rejected the Walter & Boyd (1991)
stars as Cas-Tau members.

Most subsequent publications on the Taurus-Auriga stellar
population have focused on the low-mass stars. However, of
relevance to the present study is that|Whittet et al.|(2004) pro-
posed, on the basis of extinction and dust modelling, that HD
29647 (BIIII) is located within a diffuse screen surrounding
the dense molecular clump TMC-1 in Taurus. Also, [Rebull
et al.| (2010) suggested that its infrared excess and spectro-
scopic parallax make HD 27659 (A0O-A4V) a high-quality
candidate member of Taurus, and that HD 282276 (B8V) and
HD 283815 (A0V) are lower-quality, but plausible, candidate
members. As the situation concerning associated early-type
stars remains unclear, and considering the high level of inter-
est in the membership and star-formation history of Taurus,
a detailed investigation using the wealth of new information
seems warranted.

This paper is organized as follows. In §2] we describe
the process of compiling the list of early-type stars towards
Taurus (§2.2) and testing these stars for membership (§2.3).
Our literature survey showed that spectral typing and age es-
timation of some of the stars was done decades ago with
prism-based spectrometers, and so we considered the possi-
bility that some known early-type stars have been assigned
an incorrect spectral type. Additionally, we considered that
some early-type stars could have been missed due to limits on
the spatial extent or photometric depth of previous investiga-
tions. We spectroscopically followed up all probable mem-
bers (§2.4). Notes on individual objects, including newly-
appreciated early-type Taurus members identified here, are
provided in §3] Finally, we return to the initial motivation
for this investigation, that our inspection of the Spitzer mo-
saics of Taurus revealed reflection/scattered-light nebulae to-
ward several known B stars. We model the scattered/thermal
dust emission for several of these nebulae in §4, We conclude
with a summary and discussion in §5]

2. DATA COLLECTION AND ANALYSIS
2.1. OVERVIEW

Working from the evidence of early-type members pro-
vided by the reflection/scattered-light nebulae and the recent
suggestions of additional B and AOQ type stars as plausible
members, we carried out a new search for stars of spectral
classes O—AQ associated with Taurus. The areal extent of our
study is the region bounded by 4" and 5" in right ascension
and 22°and 31°in declination. Equivalently, in galactic co-
ordinates, this is roughly the region (165, —20) < (I,b) <
(180, —10). This boundary was chosen to include most of
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Figure 1. Spitzer mosaic of IRAC and MIPS images of Taurus. Color coding: 8 (blue), 24 (green), and 160 (red) pm. Four bright nebulous objects illuminated
by B stars are evident in this mosaic. They have been marked with a circle and are associated with: (i) top-middle: HD 282276, (ii) top-right: V892 Tau (Elias
1), (iii) bottom-middle: HD 28149 (72 Tau), and (iv) middle-left: HD 29647. Two other sources, HD 28929 (HR 1445) and IC 2087, are discussed in the text as

having nebulae weaker than can be seen at this image scale.

the dense cores in Taurus but not to be so large as to obfus-
cate the search with unassociated early-type stars at different
distances. The region south of the Taurus main cloud between
4.3" and 4.9" in right ascension and 16°and 20°in declination
is also considered a part of the Taurus star-forming region, but
is not included in this investigation.

We first looked at whether there is a concentration of early-
type stars towards or away from the large patch of sky un-
der consideration. A SIMBAD query for known O,B stars
towards Taurus and eight neighboring regions of equal areal
extent results in the distribution shown in Table [l There is
a higher density of known early-type stars in the direction of
the galactic plane as expected, and no particular bias of early-

type stars at the longitude of Taurus compared to adjacent lon-
gitudes. Thus, from our study, we expect to find only a few
known early-type stars, if any, that are genuinely associated
with, or bona fide members of, Taurus.

In order to compile the list of candidate early-type stars
towards Taurus, we gathered multiwavelength photometric
and spectroscopic data and images, and collected informa-
tion from the literature. We then passed these stars through
two membership tests: appropriate distance and appropriate
kinematics. All candidates satisfying these two criteria were
labeled as probable members of Taurus. The probable mem-
bers along with a few other stars of potential interest were
followed up spectroscopically.



In view of the content presented below, the reader is re-
minded that at the Taurus distance of 140 pc, a B8 dwarf and
a B8 giant star would have unreddened V-band apparent mag-
nitudes of approximately 6.3 and 4.7, respectively. However,
the reddening towards Taurus is variable and can be signifi-
cant, up to 30 magnitudes through the densest molecular cores
(Cernicharo & Bachiller|1984; Lombardi et al.|[2010).

2.2. COMPILING THE LIST OF CANDIDATE
EARLY-TYPE STARS AND ANCILLARY DATA

Four data sets were used to assemble a list of early-type
stars towards the Taurus region: (i) previously identified O
and B-type stars listed in SIMBAD:; (ii) proposed B and early
A stars with infrared excesses selected from the Spitzer sur-
vey of the Taurus cloud discussed in|[Rebull et al.| (2010); (iii)
photometrically-selected point sources from the Two Micron
All Sky Survey (2MASS-PSC; [Skrutskie et al.|2006); and (iv)
spectroscopically identified early-type stars from the Sloan
Digital Sky Survey (SDSS) observations of the Taurus region
(Finkbeiner et al.[2004) presented by |Knapp et al.[(2007). As
illustrated in Figure[2] there is only partial coverage of the to-
tal cloud region (see also Figure ) in each of SDSS and the
Rebull et al.|(2010) Spitzer surveys, and the overlap between
the optical and infrared photometric surveys is also only par-
tial.

We now describe the collation of data from each of the four
sources. First, to select early-type stars from SIMBAD, we
used the criterion query: ra > 60 & ra < 75 & dec >
22 & dec < 31 & sptypes < AQ. This query (run in early
2011) resulted in 91 stars, three of which were listed twice
with different names. We thus obtained 88 B stars and zero O
stars through the SIMBAD database as candidates.

Second, potential Taurus members having early spectral
types were taken from Tables 5 and 7 in Rebull et al.[(2010).
One of these, JH 225, also resulted from the SIMBAD search.
Thus, the Rebull et al| (2010) paper added eight more stars
with spectral types early A or B (O-type stars were absent).
As noted above, the region covered by Spitzer does not en-
compass the whole region of our search (see Figure [2)).

Third, we selected from the 2MASS-PSC EI objects satis-
fying the same coordinates constraint used in the SIMBAD
query, having K, < 10 mag with > 50 detection, and no
contamination or quality flags set. The brightness threshold
places an upper limit on the visual extinction for the selected
stars. For example, a B8V star can have a maximum visual
extinction of Ay ~ 37 to be selected, since the absolute K-
band magnitude for such a star is Mg, = 0.11, the distance
modulus at 140 pc is 5.73, and the reddening law for 2MASS
magnitudes is Ax = 0.112A4y. Such a large value of ex-
tinction is much higher than the largest extinction observed
for known Taurus members. The resulting 2MASS-PSC sam-
ple appears in the lower panels of Figure These objects
were further filtered through the photometric color criterion:
J — H < 1.698(H — K, + 0.158) in order to select stars
which, when translated backwards on the reddening vector in

3 using the multi-object search form at the Infrared Science Archive

(http://irsa.ipac.caltech.edu/)

the (J — H)/(H — K) color-color diagram, fall on the main-
sequence earlier than spectral-type AQ. For this procedure, we
used intrinsic magnitudes from Kraus & Hillenbrand| (2007),
and the Rieke & Lebofsky| (1985) reddening law, which is
found consistent with reddening in the 2MASS photometric
system (Maheswar et al.[2010). There is no a priori reason to
believe that this color criterion will work well, due to one or
more of the following reasons: (i) photometric errors could
place stars within the reddening band employed in our selec-
tion; (ii) the reddening law (parametrized by Ry ) is differ-
ent for different lines of sight towards Taurus (e.g. [Dobashi
et al.[[2005); (iii) stars of a given spectral type and luminosity
class do not have unique photometric colors but tend to have
a dispersion of astrophysical origin about the observed mean
intrinsic value; (iv) additional emission of non-photospheric
origin could change the J — H and H — K colors, pos-
sibly making late-type stars with infrared excesses look like
earlier-type stars that are reddened; (v) stellar multiplicity is
unaccounted for in our analysis. Nevertheless, using a more
relaxed criterion is subject to the risk of selecting a large num-
ber of unreddened K and M-type stars which lie across the
reddening vector defined by our photometric color criterion.
Using our color criterion, we obtained 113 stars for further
consideration. Fourteen of the stars selected in this man-
ner were already present in the SIMBAD list of known early
type stars (BD+23 607, HD 25487, V1137 Tau, HD 284228,
HD 282240, HD 29259, 2MASS J04395574+2545020 = IC
2087, HD 283845, HD 283952, HD 31353, HD 284941, HD
284012, HD 283751, HD 283794) and so we added 99 early-
type candidates through this criterion, which we appended to
the working list. We also add the famous star AB Aur at this
point, which would pass our color selection criteria but is for-
mally excluded from our analysis based on 2MASS-PSC flags
present at K;-band.

Last, we added to our early-type candidates list the stars
from the [Finkbeiner et al.|(2004) survey belonging to our spa-
tial region of interest which are classified as spectral class O,
B, or A based on low-resolution SDSS spectra. [Finkbeiner
et al.| chose the program stars for spectroscopy as part of a
survey seeking M-dwarfs, on the basis of red colors, or stars
previously known as spectral class A or F for use as reddening
standards. As noted above, the region covered by SDSS does
not encompass the whole Taurus cloud (see Figure [2). Fur-
thermore, there was no overlap between these candidates and
those already selected above. We also considered a set of stars
selected, similar to the 2MASS-PSC query described above,
as those having K; < 10 mag and blue colors within SDSS,
specifically u — g < 0. This resulted in a short list of a few
tens of objects, nearly all of which were known to SIMBAD
already as early type stars (and thus included already among
our first set of candidates), or as late type stars (with blue col-
ors towards the blue, likely indicative of hot companions).

In addition to stars in the four samples considered above,
HD 31305 (AOV) is a star which we found in the vicinity
of Taurus-Auriga due to its early spectral type and proxim-
ity to the well-known Taurus member AB Aur, though it is
not within the area of the Spitzer maps of Taurus.

Our final list of early-type candidates for membership in
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Figure 2. Areal extent of the Spitzer Taurus Legacy Survey (green) and

SDSS spectroscopic observations by [Knapp et al.| 2007) (red symbols) over-
laid on a mosaic of the Taurus region at 100pm from the /RAS Sky Survey
Atlas.

the Taurus region of recent star formation thus consists of 329
stars. The color-color and color-magnitude diagrams for these
stars, separated by the selection method, are shown in Fig-
ure[3] We then tested these objects for Taurus membership as
described in the next subsection, after assembling the needed
ancillary data.

For all objects in our list of candidate O, B, and AO stars,
we collected the following astrometric and photometric infor-
mation. Proper motions were taken from the PPMXL cata-
log (Roeser et al|2010), and trigonometric parallaxes from
the Hipparcos catalog (Perryman & ESAI[1997). B, V, and R
magnitudes listed in the NOMAD-1 catalog
2005), and J, H, K magnitudes from 2MASS-PSC were used.
Radial velocity (RV, heliocentric) information was extracted
from [Gontcharov| (2006) and [Kharchenko et al.| (2007) in that
order of priority. For the SDSS stars which we chose from

Finkbeiner et al.| (2004), we used an AQ template to extract

their radial velocities using the SDSS DR7
2009). In each of these catalogs, we searched for counter-

parts to our early-type candidate stars within 1 arcsec of the
source position. In cases where two counterparts were found
for a particular source, only the closest was considered. Fi-
nally, the spectral types were adopted from our own deriva-
tions for those stars which we followed-up spectroscopically
(see section [2.4), from Rebull et al] (2010) for stars listed
in that paper, from SIMBAD, or from the ASCC-2.5 catalog
(Kharchenko & Roeser|2009), in that order of preference. We
also performed a thorough literature search, seeking relevant
data not available through large catalogs.

2.3. SELECTION OF CANDIDATE MEMBERS OF TAURUS

Physical association of astronomical objects can be estab-
lished through the combination of common location and com-
mon space motion, with not all six dimensions available for
every star. The case at hand is that of a star forming region
lying at a mean distance of 140 pc and having a depth and
transverse extent of 2> 20 pc. Although kinematics tradition-
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ally has been a robust mode of identification of cluster mem-
bers, uncertainties in distance may lead to discrepant space
velocities. Furthermore, the dispersion in the measured dis-
tance or kinematic quantities might be a significant fraction
of their absolute values. With these challenges in mind, we
chose the following filters to select (probable) members from
our list of candidate early-type stars towards Taurus.

One set of criteria involved distance. Stars with trigono-
metric or spectroscopic parallax between 128 and 162 pc
within 1o errorbar were considered. Another set of criteria
involved kinematics. From the probability associated with a
calculated y? statistic, stars having proper motion consistent
with known members were selected. Finally, radial velocity
(RV) was taken into account wherever available, considering
as members stars with 9.8 < RV < 17.5, which incorporates
the mean radial velocities of all Taurus groups identified by

Luhman et al.[|(2009) within 1o uncertainty.

2.3.1. DISTANCE CRITERION AND METHODS

Through VLBI measurements, the distances to five Taurus
members are accurately known (see Table [2] and for context
Figure [4). Taurus is at least as deep as it is wide
et al.][2009), a few tens of parsecs in each direction. Based
on this, we assume that Taurus occupies the region between
128 to 162 pc (i.e. 6.2 < m < 7.8 milli-arcseconds on par-
allax). From our list of early-type candidate stars we chose
candidate Taurus members such that both their Hipparcos and
spectroscopic parallax distances, within 1o error, were con-
sistent with the above-stated distance criterion.
has effectively demonstrated the validity of the Hippar-
cos parallaxes (however, see below for an argument against its
validity for the case of HD 26212). We calculated the spec-
troscopic parallax distances for each of the six magnitudes
(denoted by "X’ below) — B, V, R, J, H and K, — using the
definition,

dx = 10X —Ax=Mx)/5 o 1 1)

where AX = [B -V - (B - V)O] 'RV' (Ax/Av), RV =
3.1, and (Ax/Ay) = a + b/Ry. The parameters ’a’ and
’b’ are from Table 3 of |Cardelli et al.| (1989), and are the
best-fit parameters to the average extinction law. My is
from [Schmidt-Kaler| (1982), intrinsic colors, viz. (B — V)o,
(V — R) are from Johnson|(1966), and (V — K)o, (J — K)o,
(H — K)g colors are from [Koornneef| (1983). The [Koornneef]
magnitudes/colors were transformed into the 2MASS JH K,
system using transformations from (2001). This
intrinsic color and magnitude information for O, B and A-
type stars were compiled from [Schmidt-Kaler] (1982),
(1966), [Koornneef| (1983) and [Carroll & Ostlie| (2006).

BV R reddening was determined using [Cardelli et al.| (1989)
with Ry = 3.1, and JH K reddening using Rieke & Lebof-

(1985). Stars with missing luminosity class information
were assumed to be dwarfs. Candidates having spectral types
for which the intrinsic magnitudes and colors are missing in
our compiled tables necessitated interpolation between the
two adjacent spectral types.

The error reported on the spectroscopic parallax distance
is the standard deviation of the distances calculated using all
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Figure 3. 2MASS color-color (left panels) and color-magnitude (right panels) diagrams for the early-type candidate stars considered in this work. 2MASS
objects with contamination flags set and error in J,H,Ks magnitudes greater than 0.1 were rejected from the plots. The mean error in J,H,Ks magnitudes is about
0.02, which is smaller than the size of symbols used. Top panels: O,B stars from SIMBAD. In the color-color diagram, two of these stars lie outside the range
plotted: V892 Tau (Elias 1) and IC 2087, having (H — K, J — H) = (1.23,1.73), (1.78, 2.62) respectively. Middle panels: Stars of spectral-type A and
earlier from Knapp et al.|(2007) are shown in blue. The B stars proposed by |Rebull et al.|(2010) are shown in red. Note that the area covered by these surveys is
less than that represented in the top and bottom panels. Bottom panels: Left: 2MASS objects with color-coding as follows. Blue: stars with magnitude K < 8,
green: 8 < K < 9,red: 9 < K < 10. Right: All 2MASS objects are in blue, and those selected as possible O,B stars using the photometric selection criterion
(described in @) are shown in red. All panels: The reddening vector (magenta) from [Rieke & Lebofsky| (1985) is used. Intrinsic colors and magnitudes of
main-sequence stars (from Table 5 of |[Kraus & Hillenbrand|2007) are shown as a thick black curve (magenta curve in the bottom panel color-color diagram).
The thick black, dashed curve in color-magnitude diagrams is the same curve, but displaced along the luminosity axis to denote the apparent magnitude of main
sequence stars at 140 pc. The thin black, dashed straight line in the color-color diagrams represents the color-selection criterion applied to the 2MASS objects
(see section @) The thin grey solid line in color-magnitude diagrams represents the reddening vector passing through the position of an AOV star at a distance
of 140 pc. The location of the six B stars illuminating bright IR nebulae are shown as cyan circles with two of the stars having very similar, near-zero, colors.
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of the six magnitudes. Reliable estimates of intrinsic colors
involving R,J.H and K are not available for early-type giant
stars, and hence we calculate the distance to the luminosity
class III stars using only B,V magnitudes and color. Other
errors that could contribute but have not been accounted for
include: (i) spectral type / luminosity classification error, (ii)
error in apparent magnitudes, (iii) intrinsic colors are mean
values and do not account for astrophysical spread within the
luminosity classes, (v) error in choice of reddening model,
(vi) presence of non-photospheric emission such as infrared
excess. For points (i) and (ii) stated above, the manner in
which these criteria impact the distance estimate can be un-
derstood quantitatively via the discussion provided in section
3.3 of |[Kenyon et al.| (1994). Following that discussion, the
1o error on spectroscopic parallax corresponding to quanti-
ties (i) and (ii) is roughly 30 pc at a spectral type of AQ with
d = 140 pc. This uncertainty would then add to our quoted
error appropriately taking into account equation[I] Caution is
thus advised in using the error bars quoted on spectroscopic
distances, especially for giant stars.

Out of the 329 early-type candidates being tested for Taurus
membership, the reddening and spectroscopic parallax dis-
tance can be calculated for 173 of them. In general, where
there is overlap, the reddening values show good agreement
with those stated in literature. We compare our averaged spec-
troscopic parallax distances with those determined by Kenyon
et al.[(1994)), Walter & Boyd|(1991)),|Lesh|(1968)), and Blaauw
(1956) in Figure[5| For the majority of the objects, the spec-
troscopic parallax distances are in agreement within 1o with
those determined by Hipparcos. Notable exceptions are stars
with very high reddening for which Ry (and possibly also the
reddening law as a function of wavelength itself) would differ
significantly from the value assumed here. Also, the method
fails if the optical and/or near-infrared photometry is domi-
nated by circumstellar rather than photospheric emission, or if
the source is pre-main sequence rather than close to the main
sequence; this latter condition is indeed the case for many of
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Figure 5. Comparison of spectroscopic distances calculated in this work with
those published in past literature.

the later type stars selected in the 2MASS part of the search.

In considering the appropriateness of the distance crite-
rion we have adopted for testing the association with Taurus,
which is that all stars must lie between 128 and 162 pc, a prob-
lem arises in the unknown 3-dimensional shape of the molec-
ular cloud. The cloud may extend further along some lines of
sight, or it may not have high enough density for current star
formation along other lines of sight. A related problem in es-
tablishing membership is that, to the west of Taurus, there is
another star-forming region along the line of sight extending
behind Taurus: the Perseus molecular cloud at about 350 pc.
The spectroscopic parallaxes of HD 282276 and HD 283677
suggest that they both lie closer to the Perseus cloud, though
on the sky they are aligned with Taurus, not the Perseus cloud;
these stars also have similar proper motion (see below). There
have been suggestions of a bridge of molecular material con-
necting the Taurus-Auriga and Perseus regions (Ungerechts &
Thaddeus|1987) The presence of the somewhat older Cas-Tau
OB association along the line of sight also poses a potential
contamination problem because its members span a range of
at least 30 pc in distance (de Zeeuw et al.[1999) and perhaps
as much as 80 pc, although it is securely behind the Taurus
star-forming region.

A method for distinguishing chance superpositions, in ad-
dition to the distance criterion, is to look at the kinematics of
the stars and the natal cloud. Consideration of proper motion
and radial velocity of the stars helps in eliminating ambiguity,
as discussed in the next sub-section.

2.3.2. KINEMATIC CRITERIA AND METHODS

Kinematic membership probabilities are typically based on
the convergent point method, which is used for regions that
cover a large part of sky where the mean subgroup motion is
changing as a function of position (this is a purely geomet-
ric effect). For regions less than a few degrees in size in the
vicinity of comoving groups in Taurus, one can test the con-
sistency of the proper motion of one star simply with respect
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to the mean motion of a group. [Luhman et al|(2009) com-
puted the mean proper motions and radial velocities of eleven
distinct groups (occupying 1-10 deg? on the sky; see Table
8 of that paper) of Taurus members. Seven of these groups,
specifically I-V, VIII and X, lie within our region of interest.

We checked the statistical consistency between the proper
motion of the candidate early-type stars reported in Table [3|
and the proper motion of the closest kinematic group from
Luhman et al. (2009) by estimating the x? probability. The
two components of proper motion, f, and ps, can be un-
derstood as independent Gaussian variates drawn from a nor-
mal distribution parametrized by the mean (which can be es-
timated through the sample mean, i.e. the mean proper mo-
tion of the presently-known Taurus members) and the disper-
sion (likewise estimated as the dispersion of the sample of
presently-known Taurus members). The sum of the square
of these values will then be distributed according to the x?
distribution. Strictly speaking, these components are deter-
mined through the least-squares technique in proper-motion
catalogs, and are correlated (the complete covariance ma-
trix is, for example, provided by the Hipparcos catalog).
Here, we have calculated the quantity x? using the definition
Ele (v; — %)/o2, where i = 1,2, and z; describes the com-
ponents of proper motion. The uncertainties, however, are as-
sociated with not only the proper motion of individual stars,
but also with the sample mean. Further, we have to incorpo-
rate the internal dispersion of the presently-known members
of Taurus. We calculated the x? statistic and the associated
probability using equations [J] and [3] after [de Zeeuw et al.
(1999):

(Uu - ,er,gmup)2

2 2 2
a,ua + Oint + J#a,gmup)

(/1'5 - ljfoz,group)2

2 2 2
(O'u(; + Oint + ngvgmup)

X12/:2 = ( +

)

A(=2)/26=x/2

PO =m0 )

3)
where pq, 15,04, , 0us denote the proper motion in right as-
cension and declination of the star being tested and their as-
sociated uncertainties. The quantities pgroup, O pigronp » Tint A€
the proper motion of the Taurus group closest to the star,
its uncertainty, and the intrinsic dispersion of proper motion
in the group (assumed to be 2 mas yr—!). The denomina-
tor of each term is then the expected variance of the respec-
tive numerators. This method traditionally has been used to
find “proper-motion members”, but is partly biased toward
stars having a large relative uncertainty in their proper motion
which reduces the x2. We are able to calculate the x? proba-
bility for all of the 329 early-type candidate stars being tested
for Taurus membership since their proper motion is known.
The result of this proper motion analysis is illustrated in the
upper panel of Figure@ The region allowed by our x? proba-
bility membership criterion (set at >1%) roughly corresponds
to the shaded circular region. In the context of this figure, it
is worthwhile to note that members of the background Cas-

Tau OB association as listed by |de Zeeuw et al.| (1999) have
[te Tanging from a few mas yr~! to 50 mas yr—! (the mean
is about 26 mas yr—!), and ps ranging from a negative few
mas yr~! to —40 mas yr—! (mean is about —19 mas yr—!;
from the PPMXL catalog). Thus, a few of the stars studied
herein are probably Cas-Tau members. A combined diagram
showing the spectroscopic parallax distance and the proper
motion of the early-type candidate stars is shown in the lower
panel of Figure [6]

The RV dimension was not included in the x? analysis be-
cause this quantity is unknown for most stars. In cases where
it is known, the uncertainties are generally quite large. Thus,
as the second component of our kinematics investigation, we
compared the RV of each of the early-type candidate member
stars (where available and as reported in Table 3 with that of
the nearest Taurus group listed in |Luhman et al.[(2009). We
chose as likely members the stars which, within 10, satisfied
the criterion 9.8 < RV < 17.5, corresponding to the range in
the mean radial velocities of the Taurus groups. For the SDSS-
selected early-type stars we show the radial velocities in Fig-
ure[7] Most of the SDSS-selected stars satisfying the nominal
RV-selection criterion are too faint in the near-infrared to be
probable members of Taurus.

2.3.3. RESULTS OF CANDIDATE SELECTION

The information in Table [3| was used along with the proce-
dures outlined above to arrive at the list of likely early-type
members of Taurus. In all, 52 stars independently satisfy the
proper motion membership criteria and 28 the distance mem-
bership criteria, with 18 satisfying both. However, not all
sources have known values for all or any of the quantities we
consider. As the samples of early-type stars under considera-
tion were derived from four different sources, we discuss the
details of our analysis as appropriate for each sample in what
follows.

For the SIMBAD sample of known early-type stars and for
the Rebull et al.| infrared excess sample, spectral types exist in
the literature. Also, we have followed up some of these stars
spectroscopically ourselves in order to verify or revise their
spectral classification. Fairly accurate spectroscopic parallax
distances have thus been used to test the membership of these
two sets of stars with Taurus. Radial velocity measurements
also exist for some of these stars. We found that two stars,
HD 28929 (B8YV; also known as HR 1445) and HD 29763
(B3V; also known as 7 Tau), satisfy all the tested criteria for
membership of Taurus: parallax distance, proper motion, and
radial velocity. V892 Tau (AO; also known as Elias 1) satisfies
the first two criteria, leaving the third unknown due to insuffi-
cient information, but this star is already an accepted member
of Taurus on the basis of its circumstellar disk attributes.

In the 2MASS photometric sample, accurate spectral clas-
sification is absent for many of the stars, and hence for these,
the calculation of accurate spectroscopic parallax has not been
possible. In this set of stars, twelve satisfy two criteria leaving
the third criterion indeterminate due to insufficient informa-
tion, while two stars satisfies all the criteria for membership
of Taurus. However, many of these stars are late type T Tauri
stars that are already known members of Taurus but selected
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Figure 6. Upper panel: Proper motions of the candidate early-type stars
shown as a cloud plot with blue indicating objects selected from 2MASS;
green, SIMBAD; cyan, the B stars proposed by Rebull et al.|(2010), and red:
O,B.A stars from |[Knapp et al.[(2007). The “+” symbols at the bottom-left
corner denote the mean errors for each sample. The mean proper motion
of Taurus groups considered in this paper (see Section m are shown as
black symbols The hatched reference circle indicates the area where the x2
probability of membership is greater than 1% with respect to the mean proper
motion of Taurus. 51 stars from our list of candidate early-type stars have
proper motions consistent with Taurus groups. Lower panel: Vector diagram
showing the proper motion of all the stars tested for membership. Those
which satisfy the proper motion criterion P(x2 > 1%) are shown in red.
Positions of the stars are indicated by the circles, whose sizes are based on
the spectroscopic parallax distance of the respective stars (key given at the
bottom). Red circles denote stars satisfying our distance criterion for Taurus
member selection (within an uncertainty of 15 pc).
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Figure 7. A plot of radial velocity against SDSS i-band magnitude for the
early-type stars selected from Knapp et al.| (2007). The y-axis has been
rescaled to show only the stars with RV between £50 km s—!. The mean
RV of accepted members of Taurus (Luhman et al.|2009), 15.8 km s—1, s
shown with a black horizontal line. The neighboring red lines denote the re-
gion 9.8 < RV < 17.5, our RV-member selection criterion. Among those
stars which satisfy this RV criterion, most are too faint to be probable mem-
bers of Taurus.

by our methods because they have large enough near-infrared
excesses to push them into the region of the 2MASS color-
color diagram occupied by reddened earlier type stars. We
note that the 2MASS search does select the mid-A stars HD
26212 and HD 31648 (along with AB Aur, if we ignore the
2MASS-PSC flag at K -band) as candidate early-type mem-
bers, but finds no new B stars.

For the SDSS spectroscopic sample, the magnitude range
precludes the availability of any Hipparcos parallax values,
but since spectral types are available for many stars, spectro-
scopic parallaxes can be calculated. RV is also measured by
the SDSS analysis pipeline. Some of the SDSS-selected stars
satisfy the kinematic criteria (see Figures [ and [7); however,
they are under-luminous with respect to the expectations for
reddened early type stars at the Taurus distance (see middle
panels of Figure[3)) and indeed have much larger spectroscopic
distance estimates (Table[3). Most of these early-type stars are
likely in the Galactic halo.

Finally, the spectroscopic parallax distance suggests that
HD 31305 (located near AB Aur and discussed by |Cody et al.
(2013)) lies just beyond the distance range defined by our
member-selection criterion (<10% in excess of the standard
deviation among calculated dgppc values). Nevertheless, its
proper motion conforms with that of known Taurus members.
Hence, we consider in what follows that this star could well
be a member of Taurus.

In summary, we newly advocate the membership of two B-
type stars (HD 28929 and HD 29763) and one A-type star
(HD 26212) in Taurus using distance and kinematic argu-
ments, and in addition find one AO-type star (HD 31305) to
be a probable member (though it is not yet confirmed due to
the lack of radial velocity information). Below, in section [3
we discuss these stars in more detail and also revisit some of
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those which were rejected in the above procedures. After con-
sideration of other evidence which might point towards their
association with Taurus, we find several additional B and AO-
type to be plausible Taurus members. In order to inform our
further assessments regarding the likelihood of cluster mem-
bership, additional data on many of these stars was collected.

2.4. FOLLOW-UP SPECTROSCOPY

We performed follow-up spectroscopy of selected stars with
an aim of (i) confirming or revising their spectral types based
on temperature and surface gravity diagnostics, (ii) measur-
ing radial velocities, and (iii) determining more precise stel-
lar parameters so as to estimate ages. We obtained optical
spectra for a subset of the Taurus early-type candidates which
were found to satisfy several of our membership criteria, or
which illuminated a nebula in the Spitzer image. Some of
these sources appeared to be better candidates at the time we
obtained the spectra than later re-analysis revealed. We also
observed for comparison a grid of dwarf B stars from |Abt
et al.| (2002). and, for calibration, RV standard stars and spec-
trophotometric standards.

The optical spectra were obtained at the Palomar 200-inch
Hale telescope on 4 December 2010 using the Double Spec-
trograph (DBSP). The data have medium spectral resolution
(R ~ 7800 and 10419 in the blue and red channels respec-
tively). We used a dichroic at 5500A to split the optical light
into blue and red channels with a 1200 lines mm~! grating
blazed at 4700A, at a grating angle 34.92° on the blue side
and 1200 lines mm~—%, 7100A blaze, and 42.73° on the red
side. The spectral range covered was ~ 3480 — 5020 A at
0.55 A pixel ™! (blue) and ~ 6440 — 7110 A at 1.4 A pixel !
(red). For wavelength calibration we used an Fe-Ar lamp in
the blue and a He-Ne-Ar lamp in the red. Spectra for two
stars (HD 27659 and HD 26212) were taken on 2 September
2011 using a different configuration resulting in a much lower
resolution and a larger wavelength coverage.

We reduced the data using the Image Reduction and Anal-
ysis Facility (IRAF) ccdred and onedspec packages. Spec-
tra were extracted with the apall task after trimming, bias-
subtraction, and flat-fielding of the images. The wavelength
solution was then applied using dispcor. In the case of stars
for which we had multiple short-exposure observations, the
spectra were coadded using scombine to get a higher signal-
to-noise ratio. We normalized all the spectra with splot.

For spectral typing the program stars, we measured the
equivalent widths of several diagnostic absorption lines using
splot, and then compared them with those of reference-grid
stars (Figure [8), guided by the graphics in [Didelon| (1982).
The normalized spectra of the reference-grid stars and the
program stars are shown in Figure 0] with the reference types
adopted from the literature and the program star types derived
by us. We also compared our spectra with templates by Gray{z_f]
and Morgan et al. (1943ﬂ The results of the spectroscopic
analysis are given in Table i Estimates for the effective tem-
perature (Teg), projected rotational velocity (v- sin ¢ ) and the

4 http://ned.ipac.caltech.edu/level5/Gray/Gray_contents.html
5 lhttp://ned.ipac.caltech.edu/level5/ASS_Atlas/MK _contents.html

surface gravity (log g) and were made by fitting the spectra
with templates from [Munari et al. (2005). For the template
spectra, the comparison grid resolution was 500-1000 K in
Teq and 0.5 in log g, while the grid in v- sin ¢ was: 0, 10, 20,
30, 40, 50, 75, 100, 150, 200, 250, and 300 km s—!; hence,
our derived values are no more accurate than this. Some stars
have equally good fits between a higher temperature and grav-
ity point, versus a lower temperature and gravity point one
grid spacing away; in these cases we generally preferred the
dwarf to the giant solution. The physical parameters derived
from this fitting are given in Table[5] In combination with the
set of intrinsic stellar parameters discussed above, we thus
derived a second set of spectral types for the stars that were
spectroscopically followed up. These spectral types generally
agree with those derived using equivalent widths in Table [}
Due to the coarse spectral grid of templates and degeneracies
involved in the fitting process, the spectral types derived from
our equivalent width analysis usually take precedence over
those derived from spectral fitting.

Unfortunately, radial velocity information could not be de-
rived from our spectra at the expected performance of the in-
strument (given our care in taking source-by-source compar-
ison lamp calibration frames), perhaps due to poorly under-
stood flexure effects. We note that an error as small as 1 A
in the wavelength calibration leads to an error of about 66 km
s~! at 4500 A. Shifts of this order have been experienced be-
tween contiguous exposures while working with DBSP data.
Due to our short exposure times, there are no sky lines in
the blue part of the spectrum that could aid in more accu-
rate wavelength calibration. While the red channel spectra
have ample telluric absorption, too few photospheric absorp-
tion lines are available to provide a good fit. Hence, we defer
the estimation of RV to a later time with another data set.

Notably, hydrogen emission lines or line cores are seen in
HD 283751, HD 283637, V892 Tau, and AB Aur (see Fig-
ure [9). While the emission properties of the last two stars
in this list are well known, they are not widely appreciated in
the first two objects. Emission lines are often taken as a signa-
ture of activity associated with stellar youth, although evolved
early-B type stars may exhibit a “Be phenomenon”. We note
that the derived spectral types of these emission-line objects
are B5e and B9.5e, later than typical of evolved Be stars, but
the infrared excesses detected by|Rebull et al.|(2010) are more
typical of evolved Be stars than of young accretion disk sys-
tems. Neither star can be associated with Taurus by kinematic
or distance arguments, and thus they appear to be interesting
background interlopers.

A further note concerning the spectra is the appearance in
Figure 0] of what is likely diffuse interstellar band absorption
at 6614 A in about half of the program stars. Corresponding
broad absorption at 4428 A is also seen. There is excellent
correlation between the presence of this feature and the spec-
troscopic parallax distance estimates reported in Table[3] Dis-
tant stars have the absorption while closer stars do not. No-
tably, none of the stars we eventually conclude in this work
to be associated with Taurus have these interstellar absorption
features.

Finally, we note that the absorption at 6708 A, coincident
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with the Li I line seen in young low mass stars, is not likely to
be astrophysical given its ubiquitous appearance in our spectra
taken on 2010, December 4 (Figure[9); we suspect a (currently
unexplained) terrestrial origin.
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Figure 8. Equivalent widths of various absorption lines measured in the grid
of B-type spectral standard stars (luminosity class V only) that were observed
for comparison with the Taurus candidate early-type stars.
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3. INDIVIDUAL EARLY TYPE OBJECTS PLAUSIBLY ASSOCIATED
WITH TAURUS

In this section we consider the collective set of plausible
early-type members of Taurus based on the various lines of
evidence for their physical association with the clouds.

Above we discussed the kinematic and distance evidence
for association of HD 28929 (HR 1445), HD 29763 (7 Tau),
HD 26212, and HD 31305 with Taurus. Additionally, the
early type sources HD 31648, AB Aur, HD 27659, and HD
283815 have several lines of evidence that favor their asso-
ciation with Taurus but do not meet all of our stated criteria,
mostly due to missing data.

Further, within the footprint observed by Spitzer, six B-type
stars (IC 2087, 72 Tau, V892 Tau, HD 282276, HD 29647 and
HR 1445) are seen in multiband images to illuminate mid-
infrared reflection/scattered-light nebulae, not all of which
can be kinematically associated with Taurus. As mentioned
above, HR 1445 was also picked out by our distance and kine-
matic membership selection criteria. Indeed, the discovery of
the bright nebulae in the Spitzer images was our initial mo-
tivation for this investigation. The nebular structure is illus-
trated in Figures[T0|-[T5] With the exception of IC 2087 which
has a bright optical nebula, optical scattered light is weak or
absent among our sample. Furthermore, there is relatively lit-
tle extended emission in the near-infrared (J, H, K¢ bands),
with the wavelength of peak emission in the nebular regions
typically being 8 or 24 pm. The morphologies of the nebulae
are quite varied. They extend up to a few arcminutes and can
appear circular or squarish, some of them being asymmetric
and highly striated.

For both kinematically selected and nebular-selected ob-
jects, we constructed spectral energy distributions (SEDs) as
shown in Figure[T6] We used the following data in making the
SEDs: (i) sub-mm: SCUBA/Andrews & Williams|(2005); (ii)
infrared: Spitzer, 2MASS, AKARI, IRAS; (iii) optical/UV:
NOMAD, GALEX. Counterparts within one arcsecond of the
source were chosen, with the exception of IRAS counterparts.

For young pre-main sequence stars, red Spitzer/IRAC col-
ors indicate excess emission from circumstellar disks and en-
velopes, whereas excess emission at 24 pm but not in the
shorter wavelength IRAC bands is indicative of a disk with
an inner hole. At slightly later stages the dust is attributed
to second generation ‘debris’ rather than primordial material.
Infrared excess also could be attributed to dust shells around
evolved stars, or illumination of nearby interstellar material,
irrespective of any physical association of it with the star.

We also constructed various color-magnitude diagrams and
overplotted isochrones (see Figure to assist in the assess-
ment of stellar age, assuming that the distance of Taurus is
appropriate for each source. The unknown stellar multiplic-
ity and photometric error add substantial uncertainty to the
stellar age estimate. Also, because of the rapid evolution of
high mass stars, the age derived via isochrones is very sen-
sitive to the reddening correction, which is not insignificant,
and which we have derived assuming a plausibly invalid con-
stant Ry of 3.1. All these factors together preclude accurate
determination of the stellar ages of our sample but we present
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the resulting color-magnitude diagram for completeness.

We now discuss our findings for individual sources, begin-
ning with those illuminating nebulae in the Spitzer and then
moving on to other candidates that we have assessed.

3.1. IC 2087

The IC 2087 nebula (Figure [I0) is brightest at optical
wavelengths and is less prominent at Spitzer wavelengths, a
unique illumination pattern among our sample. The SED
(Figure of the associated point source (IC 2087-IR or
IRAS 04369+2539 or Kim 1-41) is consistent with an early-
type Class I — Class II young stellar object seen through ~15
magnitudes of visual extinction. The foreground extinction is
claimed to be Ay < 1 (Frerking et al.|[1982), and hence the
majority of the extinction toward IC 2087 should be due to
circumstellar material (Shuping et al.|2001]).

This source is a known YSO member of Taurus. High veil-
ing has precluded accurate determination of its spectral type
but Elias| (1978) classified it as B5 based on the bolometric lu-
minosity. We were unable to derive a spectral type from either
the SDSS spectrum or our own follow-up optical spectroscopy
of this source. No spectroscopic parallax is possible given the
vague spectral type. However it appears that a proper mo-
tion measurement exists for IC 2087. [White & Hillenbrand
(2004) quoted a radial velocity of 22 £ 8 km s~1 but with the
large error bar it is hard to tell whether the measurement is
consistent with the RV membership criterion used herein; fur-
thermore, the lines used may have been dominated by outflow
kinematics rather than photosphere. Nonetheless, the source
is currently an accepted member of Taurus, and based on mul-
tiwavelength information, we propose that an early spectral
type of B5-B8 is most appropriate.

Rebull et al.| (2010) confirmed that the source has a flat
spectrum in the near-to-far-infrared, and report L;r/ Liotar =
0.41. Weak molecular outflows, the presence of Herbig-Haro
knots, mid-IR absorption features and associated reflection
nebulosity provide additional evidence of the pre-main se-
quence nature of this object (e.g. [Furlan et al.|[2008). Hil-
lenbrand et al.| (2012) provide an extensive discussion of this
source.

32. 72 Tau

The nebula associated with 72 Tau (HD 28149) is brightest
at about ~ 60 pm. It is prominent in all IRAS and Spitzer
bands and is also discernible in the optical bands. From the
image cutouts (Figure [TT)) it is evident that the optical depth
of the associated nebula is quite different at different wave-
lengths in the infrared. The nebular morphology is similar to
that observed for the Maia nebula, illuminated by the Pleiades
stars. The SED (Figure [I6) of 72 Tau source is consistent
shortward of about 10 um with an ideal blackbody having
very low reddening, but there is a longer wavelength excess.
The SED morphology is similar to that of Maia as well. Kalas
et al.| (2002) noted that 72 Tau is a Vega-like source asso-
ciated with a gas overdensity, but no rigorous analysis was
performed. In section ] we present a DUSTY model for the
SED.

We arrive at a spectral classification of B7V for 72 Tau
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Figure 10. Cutouts of the IC 2087 region. Left-to-right are: B, R images from the Palomar Observatory Sky Survey (POSS-I) and J, H images from 2MASS
(Row 1), Ks band from 2MASS, and IRAC channels 3.6p4m, 4.5pm, 5.8um (Row 2), IRAC 8um, and MIPS images 24pm, 70em, and 160m (Row 3). The red
circle in the POSS-I B band image has a diameter of 1 arcmin, for scale.

160um

Figure 11. Same as Figurebut for 72 Tau.

Figure 12. Same as Figurebut for V892 Tau / Elias 1.



Figure 13. Same as Figure[I0|but for HD 282276.

160um

Figure 15. Same as Figurebut for HR 1445.
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Figure 16. Spectral energy distributions (SEDs) of those sources exhibiting infrared nebulae in Figuremplus the candidate early-type stars we conclude are
probable members of Taurus based on our assessment of distance and kinematics. Infrared excess is apparent in many objects. This may be due to the presence
of a circumstellar disk associated with a pre-main sequence stars, to a debris disk in a somewhat older main sequence star, to a dusty atmosphere in the case of
an evolved giant star, or to a chance superposition of a hot star with a nearby diffuse cloud. For comparison, an example of the chance-superposition case is also
shown in the lower right panel: the Pleiades member Maia, whose SED exhibits an apparent infrared excess. The data sources include GALEX (ultraviolet),
NOMAD (optical, BV R), 2MASS-PSC (near-infrared, JH K ), Spitzer, AKARI and IRAS (mid-far infrared), and SCUBA (sub-mm). Photometric error bars
are generally smaller than the symbol size; circles denote photometry lacking uncertainty (usually values from NOMAD). The dashed line in each panel represents
a blackbody at 140 pc characterized by the effective temperature and radius of the star whose SED is represented in that panel. No correction for reddening has
been applied though the existence of reddening can be inferred from the location of short wavelength photometry well below the nominal blackbody.
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Figure 17. Estimation of the isochronal age of some of B stars showing in-
frared reflection nebulae and 7 Tau. Isochrones are from|Girardi et al.|(2002).
Horizontal errorbars represent the error in the 2MASS magnitudes and verti-
cal errorbars represent the uncertainty in the distance (128 < d < 162pc).
Blue markers are plotted using the reddening parameters from literature,
while red markers represent values derived using Ry = 3.1 and the|Cardelli

et al.|(1989) reddening.
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based on our follow-up spectroscopy. The Hipparcos distance
to this star is 127 4= 12 pc while our estimate of spectroscopic
parallax is 16143 pc. [Walter & Boyd|(1991) quoted a spectro-
scopic parallax distance of 179 pc and proposed that this star
is a member of Taurus and the Cas-Tau OB association. The
study by de Zeeuw et al.| (1999) however does not acknowl-
edge this star as a member of Cas-Tau association. If the Hip-
. parcos distance is accurate, then 72 Tau would lie close to the
nearer edge of the Taurus cloud. Both the proper motion and
the radial velocity of this star are consistent with the Taurus
group (as defined by |[Luhman et al.||2009). We conclude that
it is very likely that 72 Tau belongs to Taurus, although in
the past the star has been considered a background source in
studies of the TMC cloud.

Caution is suggested by the Pleiades-like striated nebulos-
ity. It should be noted that the radial velocity of Pleiades

members does not closely match that for the foreground neb-
ula, unlike the case of 72 Tau. Previous age analysis in the
literature (Westin|1985) suggested an age of 20 Myr based on

3.3. V892 Tau

ubvyg3 photometry and theoretical stellar evolution models.
From our spectral analysis, 72 Tau is clearly a main-sequence
star which, after consideration of its spectral type, tells us that
it is at least several Myr old and at most 170 Myr old; we are
unable to place any further constraints on its age.



In the optical bands, V892 Tau (also known as Elias 1 or
more properly Elias 3-1) appears to be a point source with
an associated faint reflection nebula (Figure [I2). The nebu-
lar structure is brightest at about 24um. Like IC 2087-IR, it
is heavily reddened with a significant envelope component to
its circumstellar environment. The SED (Figure [T6) is that
of a Class I — Class II source. Rebull et al.| (2010) report
it as a flat-spectrum source in the near-to-far-infrared, hav-
ing Lir/Ltota; = 0.089. V892 Tau is a double-star system
(Smith et al.|2005) with a circumbinary disk (Monnier et al.
2008).

This Herbig Ae/Be system is a well-accepted member of
Taurus with reported spectral types ranging from B8 to A6.
Our spectral type is B8.5V to ~AOVe. The optical spec-
trum also shows Balmer emission lines, further evidence of
its youth and likely membership. Our derivation of the spec-
troscopic parallax distance for this star has a large uncertainty,
possibly enhanced by reddening law uncertainties. The proba-
bility associated with the y? analysis confirms that this source
is a proper-motion member of Taurus.

3.4. HD 282276

The nebula associated with HD 282276 (Figure [13) is ev-
ident only in the Spitzer/IRAC and MIPS bands, and not in
the 2MASS or shorter wavelength bands. The nebula appears
to be circular and optically thick at Spitzer wavelengths. This
source shows considerable infrared excess in its SED (Fig-
ure [I6) beyond 10 pm. The two peaks in the infrared excess
suggest two different dust components from either two dif-
ferent radii or two different compositions contributing to the
infrared emission. In section ] we present a DUSTY model
for the SED.

Rebull et al.| (2010) have classified HD 282276 as a pend-
ing member of Taurus which needs additional follow-up; they
tentatively categorized it as a Class II YSO. The spectrum of
this star is B8V in our analysis but it does not show any emis-
sion lines. Both the spectroscopic parallax distance and the
proper-motion are inconsistent with Taurus. We estimated the
reddening to be Ay = 2.8, and a spectroscopic parallax dis-
tance of 422452 pc, which means that it lies closer to the dis-
tance of Perseus than Taurus. We speculate that this star could
be associated with the Perseus star forming region, which has
a mean proper motion of about pi, = 5 mas yr—!, us = —12
mas ylr_1 (de Zeeuw et al.|(1999) and PPMXL catalog), quite
consistent with the measured values for HD 282276. How-
ever, the derived distance is somewhat large, even for Perseus
and the star is offset to the east of the main Perseus cloud.
There is no radial velocity measurement. Indeed, HD 282276
historically has been used in studies of the molecular cloud’s
physical and chemical properties under the assumption that it
is a background source.

The fact that the star illuminates a reflection nebula in the
infrared (see Figure[I), suggests the presence of cloud mate-
rial, perhaps associated with a low column density extension
of the classical Perseus region. It is also possible that the case
of HD 282276 is similar to that of several Pleiades member
stars, with the star randomly encountering a local overdensity
in the interstellar medium.
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3.5. HD 29647

Multi-wavelength images of HD 29647 (Figure[14) clearly
show striated nebulosity similar to that associated with
Pleiades stars. Even the SED is similar to that of Maia, a
Pleiades member; both are shown in Figure In section
we present a DUSTY model for the SED of this source.

HD 29647 is described in the literature as a heavily red-
dened Hg-Mn B6-7 IV or BS8III star. From our spectrum, we
classify it as a BOIII spectral type and can confirm the pres-
ence of Hg absorption. Our analysis shows a spectroscopic
parallax distance of 160 & 1 pc, consistent with Taurus mem-
bership. However, as we do not have reliable estimates for
the intrinsic colors of B-type giant stars, this distance estimate
might have systematic error much greater than the quoted un-
certainty. [Whittet et al.| (2004) argue that the visual extinction
of 3.6 magnitudes for HD 29647 and 5.3 magnitudes toward
an adjacent sightline suggests that this star lies within a cloud
that is slightly beyond TMC-1, but within the diffuse screen
surrounding a dense cloud clump. The Hipparcos parallax
distance to HD 29647 is 177435 pc, suggesting that it is prob-
ably close to the farther edge of the molecular cloud. Based
on proper motion analysis, the star is probably a non-member;
there is no radial velocity estimate.

The fact that HD 29647 illuminates a bright infrared nebula
is, however, a compelling reason to associate this star with the
far side of Taurus as|Whittet et al. have suggested. A scenario
where HD 29647 was born from the Taurus cloud and ended
up having different motion can be envisaged (for example,
through ejection from a binary/multiple-star system). Given
the relatively low space velocity as estimated from the small
proper motion, however, this scenario seems unlikely. Per-
haps it was born from a cloud lying between the present-day
Taurus and Perseus clouds. Being a giant star, an age between
90 Myr and 120 Myr as deduced from stellar evolution mod-
els, may be appropriate for this ~5 Mg, star. We conclude
that the nebulosity in this case is a similar situation to that of
Pleiades stars.

3.6. HR 1445

The slight nebulosity associated with HR 1445 = HD 28929
is discernible only in the 8 and 24 pm bands, with a striated
morphology evident at 8;:m (Figure[I3)). The SED (Figure|[16)
does not reveal any infrared excess out to 24 um and neither
the star nor any nebular emission is seen at 70 and 160 pm.

HR 1445 is known as a peculiar star, an Hg-Mn main-
sequence star of spectral type BS. Our spectral analysis also
suggests a B8 (dwarf) star and we do see a weak Hg sig-
nature. The spectroscopic parallax distance is 136 + 15 pc,
and in good agreement with its Hipparcos parallax distance of
143 £ 17 pc. [Walter & Boyd| (1991) derived a spectroscopic
parallax distance of 158 pc. From our x? probability test, we
deduce secure proper motion membership and HR 1445 also
has a radial velocity consistent with that of Taurus. The good
agreement of the distance, proper-motion, and radial velocity
of this star with that expected for Taurus members provides
strong support to the idea of HR 1445 being a Taurus mem-
ber.

The age of this star, because it is main sequence, can be
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constrained only to less than a few hundred Myr, within 1o
uncertainty. [Westin| (1985) quoted the age of this star as 60
Myr, in which case it would be an unlikely member of Taurus.
HR 1445 is located toward a region of Taurus which is devoid
of dense material along the line of sight. One might argue,
to explain the nebulosity, that HR 1445 is located within a
diffuse dust screen behind Taurus just like HD 29647. An
alternate scenario is one in which star formation was active in
Taurus several tens of Myr ago, when high-mass stars formed
within a contraction time of a few Myr, while low mass stars
formed a little later.

37. T Tau

The 7 Tau = HD 29763 region was not covered by any of
the Spitzer surveys. However, examination of WISE image
data reveals a compact, nebulous feature at 12 and 22 pm,
similar to that observed for HR 1445. The SED (Figure[16) of
7 Tau does not reveal any infrared excess out to 22 um. The
spectrum does not show the presence of any emission lines.
Again, we can rule out the possibility that an accretion disk is
present.

This source is a spectroscopic binary system composed of
B and early A dwarfs (e.g. Cvetkovic & Ninkovic| 2010).
From our B3V spectral type we derive a spectroscopic par-
allax distance of 137 £ 9 pc. The Hipparcos parallax distance
is 122 4 13 pc. The value from [Walter & Boyd|(1991) is 142
pc. Both the proper motion and radial velocity of 7 Tau are
consistent with Taurus group V (as defined in [Luhman et al.
2009), towards which it lies. Again, the only factor compli-
cating the membership of this system with Taurus is its age.
If it is a main-sequence star, as the spectrum indicates, then
we can constrain its age as being < 40 Myr. [Westin| (1985)
derived 20 Myr. However, in contrast to the later type B stars
under consideration here, since the spectral type is so early 7
Tau is plausibly coeval with the low mass T Tauri members of
Taurus.

7 Tau also lies toward that region of Taurus which is devoid
of dense material. A visual extinction of about 0.4 mag is
derived. Only 1.6 degrees away from 7 Tau is HP Tau/G2
which has had its distance accurately measured via VLBA at
161 pc, whereas we find 130 pc as the distance to the binary
system; this would suggest a mainly line-of-sight separation
of about 30 pc between the two stars. Indeed, HP Tau/G2
has higher reddening with Ay, = 2.6 quoted by Rebull et al.
(2010). We thus conclude the 7 Tau is associated with the
near side of the Taurus clouds.

3.8. HD 31305 and AB Aur

HD 31305 is not part of the area mapped under the guise
of the Spitzer Taurus Legacy Survey, but it was covered in the
“C2D” (PI N. Evans) maps. The source is not associated with
nebulosity in any mid-infrared, near-infrared, or optical wave-
length. However, it came to our attention through its proxim-
ity to known early-type member AB Aur. In the literature, HD
31305 mainly has been used as a reference star for variability
studies of AB Aur and other nearby young stars, though itself
turns out to be a variable (Cody et al.[2013). Its SED (Fig-
ure shows some infrared excess in the near-to-far infrared

and in section [4] we present a DUSTY model for the source.

We derive a spectral type of A1V for HD 31305, and a spec-
troscopic parallax distance of 174 + 11 pc. Although this star
lies at 1o just outside the formal distance range that we con-
sider for Taurus membership, (up to 162 pc), the star is seem-
ingly a good candidate for membership. A secure proper-
motion membership probability is found, but no radial veloc-
ity measurements exist. Keeping these points in mind, we
conclude that HD 31305 is likely a newly appreciated mem-
ber of Taurus.

AB Aur = HD 31293 is the prototypical Herbig Ae star with
an assigned a spectral type of B9—AOQe, consistent with our
spectrum. It is a known member of Taurus with a Class II
SED.

3.9. HD 26212

HD 26212 also lies outside the region of the Spitzer Tau-
rus Legacy Survey, but was not covered in C2D. Inspection of
DSS, 2MASS, WISE and IRAS images does not reveal any
nebulosity towards this star. It does not have any infrared ex-
cess out to 24 um as evidenced by its SED (Figure [T6).

We arrived at a spectral classification of A5V for HD
26212. The corresponding spectroscopic parallax is 115 + 4
pc which is in agreement (within the 20 error) with both its
larger Hipparcos parallax as well as the new Hipparcos re-
duction (van Leeuwen|[2007) which yields a smaller value,
dyrp = 100fg:§. The proper motion of this star is consis-
tent with Taurus, which means that it is tangentially comov-
ing with the members of this cloud. The mean radial veloc-
ity quoted in literature is about 20 km s_l, and within 1o,
agrees with that observed for Taurus members. The deriva-
tion of spectroscopic parallax yielded a visual reddening of
Ay = 0.16. The low reddening and near distance suggests
that HD 26212 lies in the outskirts of the L1498 region in
Taurus. Since its spectrum suggests a main-sequence star and
the spectral type is late, we can not meaningfully constrain
the age.

3.10. HD 27659, HD 283815

Both of these stars are listed as having spectral type A0O and
as probable members of Taurus based on infrared excess by
Rebull et al.| (2010).

The multiwavelength image cutouts of HD 27659 show ex-
tended emission at 8um. The object is seen to be fuzzy but
somewhat compact beyond this wavelength, a feature which
is similar to multi-wavelength image morphology of HR 1445
and 7 Tau. HD 27659 also shows considerable infrared excess
beyond 25 pum (Figure[16). Rebull et al.| (2010) find a Class IT
SED with L;g/Liota; = 6 x 10~%. [Kenyon et al.[(1994) clas-
sified HD 27659 as an A4V star and derived a spectroscopic
parallax distance of d = 146 pc. Belikov et al.|(2002) list HD
27659 as a member of the Perseus OB2 star forming complex,
but its proper motion renders this improbable.

For HD 283815, there is no associated infrared nebulosity
but Rebull et al| (2010) found the 8 pm to 24 pm flux ratio
to indicate a Class III SED exhibiting a weak infrared excess,
though this is not readily apparent from examination of the
SED (Figure[I6). There is sparse literature for HD 283815.



In terms of spectroscopic parallax, HD 27659 has an im-
plied distance based on our derivation of an A3 spectral type
of 164 pc which matches our criteria of membership with Tau-
rus. For HD 283815 we did not obtain a spectrum, but us-
ing the literature spectral type of AO shows that it does not
meet our distance criteria, as can be discerned from the un-
derluminous SED of Figure [[6) when a 140 pc distance is as-
sumed. In proper motion, however, the inverse is true with
HD 27659 showing proper motion inconsistent with Taurus,
but HD 283815 a high probability proper motion member. Ra-
dial velocity measurements exist for neither star.

Given the evidence, at present no strong statements can be
made about the membership of either star. They could be early
type members with peculiar motions, or background stars red-
dened due to the Taurus cloud. In both cases, there is some
evidence for associated dust.

Of possible relevance is that lying only a quarter of a de-
gree away from HD 27659 is HDE 283572, a Taurus member
whose distance has been measured precisely by VLBA tech-
niques. The implied distance between the two stars would be
about 35 pc. From Figure [4] the proximity with a high sur-
face density part of the cloud is evident and there is significant
reddening implied for the further star HD 27659.

4. MODELLING THE DUST EMISSION WITH DUSTY

In this section we consider in more detail the nebular struc-
tures exhibited by the six early-type stars in Figures [TOHI3)|
and attempt to model the multiwavelength image morphology
for several of the sources. Generally speaking, reflection neb-
ulae appear bluish when illuminated by light from a nearby
star on account of the scattering properties of dust. The star
and the dust may be physically related, or the encounter be-
tween the star and a cloud of overdense interstellar medium
may be by chance. A well-known example of the latter situ-
ation is the striated nebulosity associated with bright stars in
the Pleiades. Infrared emission is also associated with the illu-
minated clouds, due to the warm dust, but compared to, e.g.,
H 1 regions, the infrared luminosity is lower and there is a
lack of radio emission. The scattered-light images of Figure[T]
and Figures[I0HI5| can be considered along with the SEDs in
Figure [16]to classify the variety of physical scenarios among
the sample.

The nebulae towards the embedded sources IC 2087-1R and
V892 Tau are apparently the result of complex radiative trans-
fer of an emitting source seen through a three-dimensional,
non-uniform distribution of circumstellar dust that both ob-
scures the central source and produces significant amounts
of scattered light asymmetrically distributed with respect to
the infrared point source. We do not attempt to model the
emission from the disks and envelopes around these YSOs
as such models appear elsewhere in the literature (e.g. Mon-
nier et al.|2008). Conversely, HR 1445 and 7 Tau (the latter
based on WISE images since the source lies outside the area
of the Spitzer map) show hints of nebulosity but no infrared
excess; we also leave them out of the present modelling ex-
ercise because of the wide range of unconstrained parameter
space allowed in the models. HD 27659 has just two data
points within the region showing infrared excess, and we hes-
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itate to attempt fitting of a unique function to it. HD 26212
and HD 283815 show neither significant infrared excess nor
scattered light, and therefore cannot be modelled.

Below we model the dust surrounding 72 Tau, HD 29647,
HD 282276 and HD 31305 as slabs, and make an attempt to
reproduce their SEDs using the DUSTY code with results in
Figure[T§]

DUSTY takes the following input parameters: type of exter-
nal radiation source, dust composition, grain size distribution,
dust temperature at the edge nearest to the external source,
geometry of the cloud (spherical shell / planar slab), density
profile, and the optical depth. The dust temperature and opti-
cal depth together define the amount of radiation present at the
edge of the photodissociation region. Ideally, given the dust
properties and parameters of the illuminating star, the inner
temperature of dust can be calculated giving us the separation
from the star. Following |Tielens|(2005), we can calculate the
dust temperature in a slab geometry as,

(Ty/ Kelvin)® =2.7 x 10° Gge™ '8 Ay

+4.1x107* [0.42 — In(4.3 x 107 Go) GY°]

+2.7° 4)

where Ay is the reddening caused by the slab. The assump-
tion here is a simplistic model in which the absorption effi-
ciency of the dust is directly proportional to the wavelength
for A < \g = 1000 A and is unity elsewhere; the dust size is
a = 1 pm. G, the far-ultraviolet (FUV, hrv > 13.6 eV) ra-
diation field in terms of the average interstellar radiation field
(1.6 x 1073 erg cm~2 s~ 1), is given by,

Go=18x L X d _2(5)
0" 100Le ) \ 3.6 x 10=* ) \ 0.02 pc

where x is the fraction of the star’s luminosity (L.) above
6 electronvolts and d is the distance from the star with the
normalization constant that appropriate for a B8V star.

In the cases of interest here, the brightest part of the illumi-
nated nebula is a few arcminutes wide, which, at a fiducial dis-
tance of 140 pc corresponds to ~0.1 pc. For comparison, the
H Il region expected assuming a constant density pure hydro-
gen region with electron number density n, = 10% cm~3 sur-
rounding a BOV star is 0.4 pc (and would produce detectable
radio emission) while for a B5V or B8V star the Stromgren
radius, R, is about 0.03 pc or 0.02 pc respectively (and usu-
ally would not be detectable in the radio). Note that R s  n.,
so local overdensities can allow the photodissociation regions
(PDRs) to exist closer to the star thus heating them to higher
temperatures. Therefore, if a dust slab were located at a few
hundredths of a parsec from a B8 dwarf, the FUV radiation
field it would experience is Gy ~ 2. Using Ay =~ 1 for the
slab, we then get T,; ~ 10 K. However, this over-simplified
picture overlooks important processes within PDRs such as
cooling through trace species such as [OI] and [CII], and the
inhomogeneities in the dust cloud as indicated by the chang-
ing morphology of the nebulae towards the B stars with wave-
length.

In our experiments with DUSTY, all conducted assuming
a power-law grain size distribution according to the Mathis-
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Rumpl-Nordsieck model (Mathis et al.|[{1977), we found the
following general trends for a simulated dust slab. As the op-
tical depth or the thickness of the slab is reduced toward zero,
the scattered and thermal components of the output flux de-
crease, thus giving an output spectrum close to the input flux
spectrum, as expected. As the dust temperature is lowered,
there is an increase in the thermal emission peak relative to
the primary (scattered stellar flux) peak. The thermal bump
flattens and broadens if the relative abundance of amorphous
carbon to graphite increases, whereas increasing the relative
abundance of silicates produces the broad 10 and 18 pm fea-
tures.

For 72 Tau, which we discussed above as a plausible Tau-
rus member, we were able to reproduce the SED with DUSTY
using the parameters: (i) Teg = 12,500 K blackbody as the
external radiation source; (ii) dust composition such that sili-
cates from Draine & Lee| (1984) and amorphous carbon from
Hanner| (1988) are in a ratio of 1:4 (however, the output not
very sensitive to this ratio so long as silicate fraction is less
than 1); (iii) a 40 K dust temperature at the edge nearest to
the external source; (iv) a 0.55 pm optical depth of 0.1 (cor-
responding to Ay =~ 0.1). The resultant ratio of the dust
contribution to the observed flux of the central star, a B7V-
type blackbody, is about 1:200. This final model of the SED
is shown in Figure[T8] Since the fraction of the observed flux
contributed by dust emission is much less compared to that
contributed by the central star itself, we conclude that the neb-
ula is not a photodissociation region, and we do not expect any
free-free emission (indicative of an ionizing front) from it.

Moving on to HD 29647, we argued above that this source
is probably not associated with Taurus since it is somewhat
distant at 160-180 pc and does not appear to be comoving
with the members of this cloud. However, it does illuminate
nebulosity and has a substantial infrared excess. We see on
inspection of the SED that there is a broad silicate feature ev-
ident at 10um, and another thermal bump at about 60um. On
modelling this emission with DUSTY, we find that two dust
components are required to explain this. One produces the
broad silicate feature, requiring dust temperature at the inner
boundary between 400 and 4500 K. The cooler limit comes
from a fit to the thermal bump of the dust continuum emis-
sion. The hotter temperature limit is defined by the fit of the
SED to optical data points. Clearly, any dust temperature be-
yond ~ 1400 K is unphysical in this case, keeping in mind
the environment of a BOIII star. In our dust model we assume
somewhat arbitrarily a 500 K temperature but the use of dif-
ferent temperatures within the range specified above does not
affect the overall fit substantially. The second dust compo-
nent is characterized by a temperature of about 45 K, which
is defined by the peak of the thermal bump seen at tens of mi-
crons. To reproduce the SED as shown in Figure [T8] we used
(i) a blackbody with T = 10,900 K as the external radia-
tion source; (ii) dust composition of silicates from |Draine &
Lee (1984) (with the output not very sensitive to the composi-
tion); (iii) dust temperature at the edge nearest to the external
source: 500 K for slab A and 46.5 K for slab B; (iv) optical
depth of 0.1 and 4 at 0.55um for slabs A and B respectively
(we need 74 + 75 =~ 4, so that the total Ay, for this star equals

about 3.6). The output from slab A was passed as input to slab
B and thus the overall output was calculated. To the output of
slab B, another contribution from the output of slab A had to
be added (in a 1:10 ratio) to the result of DUSTY in order to
reproduce the observed flux,

Turning to HD 282276, the star seems to be a distant source
(422 £ 52 pc) relative to Taurus, perhaps instead related to the
Perseus cloud. Yet it still produces both a nebula and a ther-
mal excess. The ~ 3 arcmin-wide size of the nebula corre-
sponds to a roughly 0.4 pc diameter structure at 420 pc. The
H 11 region for a B8V star surrounded by a pure-hydrogen
nebula would be about 0.02 pc in diameter and as the two val-
ues are inconsistent (even if our distance estimate is wrong by
a factor of 3), we believe that the nebula is not a PDR immedi-
ately surrounding the H 1l region. The SED shows two bumps
in the infrared, indicative of contribution from two different
dust components. We can reproduce this SED with DUSTY
using the parameters for slab A: (i) a blackbody with Teg =
11,400 K as the external radiation source; (ii) silicate grains
from Draine & Lee| (1984); (iii) a 200 K dust temperature at
the edge nearest to the external source; (iv) a 0.55 pm opti-
cal depth of 1.4. The output of slab A summed with a 6:1
contribution from the star (blackbody) was fed into slab B,
which was modeled to have the same dust composition and
grain-size distribution of slab A, and a dust temperature as 35
K at the edge, with visual optical depth of 1.6. Together, the
optical depth adds up to three, corresponding to Ay =~ 2.8,
approximately the average extinction through the Taurus dark
cloud. The dust composition is only suggestive; the bump
at 10pum is much too broad to guess the silicon abundance.
However, noting that the increase of amorphous carbon abun-
dance relative to silicon results in a broad spectral feature at
~ 0.12pm and flattening of the thermal bump, we expect the
relative amorphous carbon content to be small. Also, this
broad bump makes it difficult to interpret the temperature of
slab A, and we note that the edge temperature for this slab can
lie anywhere between 100 and 300 K.

HD 31305 is an A1V star with very little reddening (Ay ~
0.1), proper motion consistent with Taurus, but lying some-
where between 165-185 pc. There is no nebulosity apparent
but the SED shows infrared excess in the near-to-far infrared.
Investigation of its SED relative to a range of DUSTY mod-
els tells us that the 10 um silicate feature is probably strong,
above the blackbody line, with the second thermal bump at a
longer wavelengths broad and flat. This SED morphology in-
dicates a similar abundance of silicon and amorphous carbon.
The silicate feature remains significant if the edge temperature
of the dust slab is set to lie between 100 and 500 K, but this is
also dependent on the optical depth. We model this SED us-
ing the following parameters for a single slab. (i) blackbody
with Teg = 9,400 K (=A1V) as the external radiation source;
(ii) silicate and graphite grains from Draine & Lee|(1984) in
a 10:1 ratio; (iii) a 350 K dust temperature at the edge near-
est to the external source; (iv) 0.55 pum optical depth of 0.05.
The contribution of the central star relative to the thermal and
scattered dust emission is 4:1. The dust emission could equiv-
alently be modeled using a 2-slab model to get a better fit, but
based on the inspection of 2MASS cutouts (and also from the



low reddening value) of this star, we do not expect a 2-slab
scenario.

5. SUMMARY & CONCLUSION

Early-type stars illuminating infrared nebulae found in
Spitzer IRAC/MIPS maps of the Taurus-Auriga Molecular
Cloud complex led us to carry out a more comprehensive
search for early-type stars in this star-forming region. We
compiled a list of 329 candidate early-type stars (see Table 3]
towards Taurus from (i) previously-known O, B stars listed by
SIMBAD, (ii) proposed B stars from Rebull et al.| selected to
have infrared excess and followed up spectroscopically, (iii)
stars from the Two Micron All Sky Survey Point Source Cata-
log selected on the basis of photometric color, and (iv) early-
type stars spectroscopically identified in the Sloan Digital Sky
Survey. This set of stars was then tested against various mem-
bership criteria including distance, kinematics, and age crite-
ria.

First, we provided accurate spectral type information for
about 20 stars which were spectroscopically followed up from
our initial sample at the 200-inch Hale telescope at the Palo-
mar Observatory. This, along with the magnitudes avail-
able in literature has helped in deriving spectroscopic par-
allax distances to the stars, accounting for extinction. No-
tably, the presence of several diffuse interstellar bands is well-
correlated with the estimated distances; none of the stars we
believe associated based on distance or kinematic arguments
with the Taurus star forming region exhibit these features,
seen in only more distant stars. Several of the spectra show
emission lines which in two cases are associated with known
young stellar objects and in the other two cases appear asso-
ciated with background Be stars also exhibiting infrared ex-
cesses.

Hipparcos parallaxes and spectroscopic parallaxes were
used to select stars between 128 and 162 pc, allowing for er-
ror. Proper motion membership was tested by calculating the
x? probability using the proper motion of various comoving
groups in Taurus (defined by |Luhman et al.[2009). Radial
velocity, wherever available, has been compared with that of
the previously-known members of Taurus. We have also spe-
cially considered all early-type sources illuminating nebulae,
regardless of whether they meet the distance and kinematic
criteria.

Our final assessment of membership is shown in Table [6]
Through this work, we have found three stars of spectral type
B, and two of spectral type A to be newly-appreciated mem-
bers of Taurus. Specifically, HR 1445 (HD 28929), 7 Tau
(HD 29763), 72 Tau (HD 28149), HD 31305, HD 26212 meet
the kinematic and distance criteria while HD 27659, and HD
283815 show ambiguous kinematic and/or distance properties
that make their membership plausible but not secure. Addi-
tional or improved space velocity information for these and
several other stars could confirm their membership. These
sources should be considered along with the currently ac-
cepted early-type members: IC2087-IR (B5-like luminosity
but heavily self-embedded source with a continuum-emission
optical and infrared spectrum), the binary system V892 Tau
(Elias 1; a B8-A6 self-embedded Herbig Ae/Be star with
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Figure 18. Modelling the SEDs (black data points) of some sources hav-
ing far-infrared excess using DUSTY. For each of the sources, the attenuated
blackbody representing the star is the grey dashed line, the contribution from
the thermal and scattered emission components from the associated dust slab
are shown as red and green dashed lines, respectively, and the blue solid
line represents the total model output. Photometric points with error bars are
shown; the circles represent BVR photometry that is reported without errors.
72 Tau: A dust slab having 40 K temperature at the boundary closest to 72
Tau roughly reproduces the SED. HD 29647 Tau: Two slab components are
required to reproduce the SED, one chosen to have a dust temperature of 500
K to reproduce the 10pm silicate feature, and another one at about 45 K. HD
282276: Two dust slabs, having inner-edge temperatures of 200 K and 35 K
are required to faithfully reproduce the SED. HD 31305: The inner-edge dust
temperature was found to be 350 K.
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a near-equal brightness companion), the triple system HD
28867 (B8 +2xB9.5), AB Aur (AQe, a Herbig Ae/Be star),
and HD 31648 (MWC 480; A2e, another Herbig Ae/Be star).
While HD 28867 is located to the south of the main Taurus-
Auriga clouds and therefore not recovered in our search, the
other known early type members were recovered, although to
varying degrees of security. Notably, more than half — but not
all — of the stars listed above distinguish themselves through
illumination of optical or infrared nebulae. Furthermore, two-
thirds — but not all — of the stars have mid-infrared excesses
which may be due to an extended nebula or to a more compact
protoplanetary or later stage debris disk.

Among the stars with infrared reflection/scattered-light
nebulae, three sources (HD 282276, HD 28149 = 72 Tau,
and HD 29647) have been used as intrinsically bright back-
ground “candles” in studies of the molecular cloud’s physical
and chemical properties. Our analysis shows, however, that
HD 282276 (the northernmost circled source in Figure [1) is
likely a B-type star lying background to Taurus and close to
the distance of the Perseus star-forming region, although well
east of it. The molecular material may also be at that further
distance. In the case of 72 Tau the kinematics and distance
are both consistent with those of previously-known members
of Taurus. While chance superposition with the Taurus cloud
is possible this main-sequence star was probably born near its
present environment and is truly associated with the cloud,
unlike the case of the stars in the older Pleiades. Our as-
sessment of HD 29647 suggests an object at similar distance
but having different kinematics. Both HD 29647 and 72 Tau
have nebulae which appear to be morphologically similar to
the striated nebulosity toward the Pleiades stars Merope and
Maia. The difference is that the Taurus nebulae under study
here are much fainter and much less distinct at visible wave-
lengths than the Pleiades cases, possibly due to the amount of
foreground extinction or to the spectrum of incident radiation
(and less likely due to the dust properties).

We modelled the nebular dust emission of a subset of in-
teresting stars also showing infrared excess. The dust tem-
peratures found via this study, which account for the thermal
dust emission peaks in the SEDs, are usually about 45 K. In
some cases (viz. HD 282276 and HD 29647) there is evidence
of two dust components contributing to the infrared emission,
where the higher-temperature component is between 100 K
and 500 K. The distance between the nebulae and the early-
type stars can be estimated by balancing the heating and cool-
ing rates. However, the unknown composition, complicated
morphology and the self-similar nature of the radiation trans-
fer makes the problem very challenging. Nevertheless, the
infrared excess tells us that the star is sufficiently close to the
nebula so as to heat it. Kinematic information of the stars
supplement this proximity information to help distinguish be-
tween association with the cloud and chance superposition

We thank John Carpenter, Varun Bhalerao, and Eric Ma-
majek for their various suggestions and helpful advice. This
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Table 2
Distances to known Taurus members measured through VLBI techniques.
Star Q72000 872000 Distance Ref.
(h.m.s) (G (po)
HDE 283572 042158.847 281806.51 128.5+0.6 1
V773 Tau 041412922 28121230 131.4+24 2
V1023 Tau (Hubble 4) 04 1847.037 282007.32 132.8+0.5 1
T Tau 042159434 19320642 146.7+£0.6 3
HP Tau/G2 043554.152 22541346 161.4+09 4

Refs: (1) [Torres et al.| (2007), (2) [Torres et al.| (2012), (3) [Loinard et al.
(2007), (4)|Torres et al.|(2009)
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Table 3

List of candidate early-type stars. The table is divided into sections, each compiled from a
different selection source, as described in the text. The last three columns state whether or
not (Y/N) the star is a probable Taurus member based on two distance estimates (d),
proper motion (x), and radial velocity(RV); see text. Error on dgpp. - is the standard
deviation of distances calculated here using B,V,R,J,H, and K magnitudes.

B# Star o 0 dygrp deppc e COSE s RV SpT Candidate?
(ICRS 2000, degrees) (pc) (mas/yr) (kms™1) d u/RV
0,B, and AO stars from SIMBAD
T 1D 25063 60.036380 29.710836 195+ 5 3.7+£0.9 —6.2+038 B9 N N7?
2 HD 25201 60.236744 23.201484 3327271 189+5 —34.6+15.2 —9.2415.2 13.8+1.1 B9V NN N/Y
3 HD 281490 60.871667 30.970278 792 + 123 13.0+ 1.6 —73+1.7 BY/A3 N N/?
4 BD+23607 60.936736 23.620942 643 + 94 5.1+1.3 —9.7+1.3 AOV N N/?
5  HD 25487 60.976316 28.125973 3017153 342 + 32 1.9+1.7 —18.1+1.5 B8Ve+KOIV N/N  Y/?
6  HD 283304 61.226290 27.545890 739 + 69 —27+1.3 —22+4+1.3 B8V Si N N/2
7  HD 284130 61.487807 23.241767 943 + 20 —2.441.0 5.4+ 1.0 BS N N/2
8  HD 283363 61.780708 28.560528 528 + 25 6.4+ 1.5 —76+1.6 B9 N N/2
9  HD 281679 62.320792 30.775956 185155 373+ 11 —81+1.5 3.6+1.2 B8 YN N/?
10 HD 284179 62.785610 22.825372 745 + 41 —1.241.2 —434+1.2 BS N N/?
11 HD 283507 62.969714 24.837432 405 + 18 —3.0+1.2 —4.2+1.3 B9 N N/?
12 HD 283449 63.112000 27.876861 1613 + 652 —23+1.8 —4.8+1.8 AOV N N/?
13 HD 26571 63.213520 22.413458 3167543 159 + 1 —3.0+05 ~10.9+0.5 9.3+3 BSIII N/Y N/Y
14 HD 281815 63.852452 29.365851 548 + 57 1.0£1.6 —10.9+1.6 BS N N/2
15 HD 281818 64.079170 29.256597 749 + 67 71+1.3 —12.2+1.3 BS N N/2
16 HD 284228 64.085078 23.841866 839 + 32 13.5+1.2 —6.0+1.2 B5 N N/2
17 HD 283553 64.488019 24.577938 2487122 465 + 15 —0.840.7 —7.940.7 BS N/N  N/?
18 HD 281920 64.569998 29.807023 777 £ 69 6.5+1.2 —6.0+£1.0 B5 N N/?
19 V892 Tau 64.669250 28.320972 1697 + 1548 10.9+5.1 —29.7+5.1 ~AOV Y. YR
20 HD 27405 65.126585 25.827451 229771 242 +5 6.7+1.4 —524+1.5 B9 N/N  N/2
21  HD 283567 65.137783 28.652376 655 + 44 —2.0+1.5 —4.9+1.6 B9 N N/?
22 HD 27638 65.645598 25.629314 827 104 + 2 17.4+2.0 —133+1.9 15.3+3.4 B9V NN  N/Y
73
23 HD 27778 65.999008 24.300992 223773 238:|:i 5 8.0+ 1.5 —12.7+1.5 B3V N/N  N/2
24  HD 284427 66.341599 23.389317 577 + 56 —5.5+1.2 —4441.2 B9V N N/2
25 HD 28149 66.822698 22.996337 127113 161+ 3 0.4+0.5 —14.4+0.5 734+26 BTV Y/Y YIY
26 HD 284479 67.311975 22.478510 1153 + 158 2.6+ 1.5 —6.9+1.5 B8V N N/2
27 HD 282151 67.424917 30.684083 771+ 15 —3.1+1.6 ~1.34+16 BOV N N/?
28  HD 28482 67.593513 23.588859 3011(.° 204 +1 18.0+£ 0.6 0.5+ 0.6 BSII N/N  N/?
20  HD 284487 67.879371 22.220857 1102 + 177 344+14 —254+1.4 B9V N N/?
30 HD 282240 68.022275 30.967710 824 + 31 41+1.3 —6.3+1.4 B9V N Np?
31 HD 283677 68.045575 29.015574 344773 541 + 15 0.0+ 0.8 —8.940.7 B5V N/N  N/2
32 CoKuHKTauGl  68.173333 24.317778 5976 =+ 4466 37.7+4.5 —11.1+45 20+4.5 B2 N N/Y
33 HD 282276 68.267637 29.363863 422 + 52 20+ 1.6 —125+£1.7 B8V N N/2
34  2MASS 68.471667 24.235583 1244 + 177 3.7+ 1.6 —14+16 BS N N/2
J04335319+2414080
35 HD 282278 68.585583 29.297556 439 + 30 —23+1.3 —34+14 B9 N N/?
36 HD 28929 68.658299 28.961151 143129 157+ 3 1.3+£2.2 —23.242.0 126422 B8VHgMn Y/Y Y/Y
37 HD 283701 68.729070 27.203107 307+ 3 1.9+1.3 ~11.6+1.3 BSIII N N/?
38  2MASS 68.884125 24.451944 1104 + 201 ~1.8+4.6 —4.4+46 B8 N N/?
J04353218+2427069
39  HD 283740 69.260698 28.011207 778 4+ 48 3.0+ 15 24+15 B8V N N/2
+2782
4 Dm0 71530 j04o%0 7" om0 14t1s  1sers s N
1 HD 7153 4497 287 + 50 —144+15 ~-134+15 B N N/?
42 HD 284583 69.777811 22.712064 1017 + 25 1.0+1.3 —0.2+1.3 B5 N Np?
43 HD 29450 69.806437 22.652255 4297330 345 + 11 0.9+0.8 —1.34+07 —109+26 B9 N/N N/N
44 JH225 69.916538 25.342850 540 +125 —11.6+4.6 —8.3+4.6 B9 N N/?
45 HD 283794 69.964024 27.188951 428 +12 5.1+1.2 —8.4+1.3 B9V N N7?
46 1C 2087 69.982292 25.750556 1.6£5.9 —19.7+5.9 B5 ?2 Y2
47 HD 283772 70.246863 27.990404 519 + 11 0.0+ 1.3 —524+1.3 BOV N N/2
48  HD 29647 70.283524 25.992765 177755 160 + 1 12.8 +0.9 —9.74+0.7 BOIII Hg-Mn  Y/Y N/?
49  HD 29681 70.349520 22.676800 699 + 18 044+1.1 0.14+1.1 B8V N N/?
50 HD 283809 70.353006 25.913469 695 + 230 25+1.6 —14+1.7 B1.5V N N/?
51 HD 29763 70.561257 22.956926 123113 13749 0.6 +0.2 —17.4+0.2 12.3+4.1 B3V YIY  YIY
52 HD 283800 70.863805 27.026948 564 + 42 1.3+ 1.5 —91+1.5 B8 N N/?
53 HD 29935 70.975003 22.944410 907! 175+ 2 —0.54+0.7 —15.8+£0.6 324+48 A0V N/N  Y/N
54  HD 283805 71301213 26.453282 846 + 17 —224+1.4 —414+1.4 B8V/A3 N N/?
55 HD 30122 71.426948 23.627996 216759 290 + 1 9.8 + 0.6 ~17.3+0.5 23.2+2 BSII N/N  Y/N
56 HD 282430 71.644099 30.615554 918 + 97 —35+1.7 —5.6+ 1.7 B5 N N/2
57 HD 282431 71.654007 30.404109 400 + 16 5.1+ 1.6 —95+1.5 BY/A0 N N/2
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Table 3
List of candidate early-type stars. The table is divided into sections, each compiled from a
different selection source, as described in the text. The last three columns state whether or
not (Y/N) the star is a probable Taurus member based on two distance estimates (d),
proper motion (1), and radial velocity(RV); see text. Error on dgpp o is the standard
deviation of distances calculated here using B,V,R,J,H, and K magnitudes.

58  HD 282485 71.658884 29.317718 483 + 16 41+15 —5.6+1.5 Bo9V N N/?
59  HD 283851 71.678804 27.261715 637 4+ 46 —3.8+1.2 —3.7+1.2 B9V N N/?
60 HD 283836 71.729035 28.225371 336 +£ 29 0.0+1.3 —-3.7+£13 B9 N N/?
61 HD 283854 71.765792 26.765833 809 £+ 29 —-1.0+14 —4.7+1.4 BOV/AT N N/?
62  HD 283845 71.967880 27.744442 750 £ 23 29+1.5 —4.7+£1.5 B3V N N/?
63  HD 30378 72.094763 29.773003 196J_r§§ 239 +5 6.1+ 0.6 —25.6 £ 0.6 21.6+£3.5 B9.5V N/N  Y/N
G oMb Do e W GRin D N BY NN
66  HD 282537 72.898060 30.021865 752 £ 16 —4.1+1.6 —-9.5+1.6 B8 N N/?
67  HD 283920 73.021685 26.917266 497+ 3 —-0.8+1.7 —11.3+1.7 B7IIL N N/?
68  HD 282548 73.297292 29.020944 999 £+ 63 —4.7+£1.7 —-34+1.7 B9 N N/?
69  HD 283952 73.318183 24.714376 765 £ 23 22+1.3 -3.7+£13 B9V N N/?
70  HD 284874 73.364583 22.251722 793 £ 37 2.6+1.0 —-1.6+£1.0 B8 N N/?
71 HD 31120 73.539369 23.066227 374 + 28 —4.8+1.1 —10.8+1.1 B9V N N/?
72 HD 283932 73.677168 25.729056 442 4+ 46 0.7+ 1.5 —-7.0+1.4 B8V N N/?
73 HD 282653 73.945167 29.333056 670 £ 26 —4.4+1.7 -9.3+£1.7 B9 N N/?
74 HD 31353 74.029726 24.004623 294 + 12 46+1.2 —-8.8+1.3 B9 N N/?
75 HD 282635 74.120904 29.994960 172f§é 490 + 21 20+1.3 —54+1.1 B8 Y/N N/?
76  HD 282617 74.150050 30.882917 673 £ 51 —6.8+£ 1.7 —6.7£ 1.7 B8 N N/?
77 V722 Tau 74.205683 27.718514 2304 + 583 1.0+ 1.8 —2.6+1.8 B3e N N/?
78  HD 283968 74.205773 24.043778 643 + 103 23+1.5 —-19+1.5 Bo9V N N/?
79  HD 284993 74.302100 22.159576 790 £+ 44 24+1.2 —39+1.2 B9 N N/?
80 HD 282633 74.362179 30.174772 581 4 48 —-24+1.3 28+1.3 B8V N N/?
81 HD 283971 74.382746 28.759850 859 £ 240 —-35+£1.7 —54+1.5 B9V N N/?
82  HD 284006 74.532658 26.298360 358 + 30 -3.1+1.5 —-74+14 B9 N N/?
83  HD 282754 74.593708 29.722028 1033 £ 128 —-1.0+1.7 —-23+1.7 B9 N N/?
84  BD+30 748 74.639620 30.697656 1202 £ 115 1.54+1.3 —2.5+1.3 72+14 BI15V N N/N
85 HD 284941 74.674310 23.585106 1011 £+ 195 —0.1+1.2 —3.5+1.2 B9 N N/?
86 HD 31679 74.719814 24.495712 379#11257; 378 £ 28 2.1+0.9 —4.4+0.8 BS N/N  N/?
87 HD 284012 74.898442 25.807481 258fé(1)3 255 £+ 26 0.7£1.1 —-7.3£0.9 114+2.5 BS N/N  N/Y
88 HD 31806 74.973961 27.325604 138f§(2) 232+6 14.8+1.6 —24.6+1.7 B7V Y/N N/?
Additional B and early A stars proposed by Rebull et al. 2010 from infrared excess
89  HD 27659 65.727746 28.398614 164 £ 10 —23.7+15 —17.8+14 A3V Y N/?
90 HD 27923 66.329861 23.788020 194121181 277+5 59+1.1 —8.6+1.1 B9V Y/N N/?
91 HD 283637 66.495250 27.617028 855 + 279 —-3.6+£1.7 —6.8+ 1.7 B9.5V N N/?
92  2MASS 67.247550 27.607081 533 £ 75 1.74+23 —15.5+24 A4V N Y/?
J04285940+2736254
93 2MASS 67.888075 29.482378 639 4+ 144 —6.0+5.1 0.3+5.1 AlV N N/?
J04313313+2928565
94 HD 284530 68.582858 23.447141 347+ 9 71+1.2 —15.5+1.2 B9.5V N Y/?
95 HD 283751 69.353563 27.155458 1010 £ 85 6.1+1.4 —-19+14 B5Ve N N/?
96 HD 283815 70.671592 24.688295 268 + 40 8.7+1.2 —2044+1.2 A0 N Y/?
Additional early type candidates selected from 2MASS photometry
97 HD 25111 60.054439 23.149068 54+1.1 —46+1.1 A ? N/?
98 HD 283286 60.959556 28.404501 420 £ 21 —6.9+2.7 —5.19 +£2.37 A2 N N/?
99  04040178+2715454 61.007451 27.262593 —8.1+5.6 —5.16 £4.98 ? ? N/?
100 HD 25554 61.160276 30.884204 20712718 280+ 9 3+1 1.97+0.69 A0 N/N  N/?
101 HD 25620 61.208024 23.509276 176 £ 11 2.7+£1.1 —-0.92+1.01 FO N N/?
102 HD 25626 61.301075 27.609715 202J_r2§ 191+ 3 16.7+1 —26.23+0.89 2+1.8 A2 N/N  N/N
103 HD 25694 61.413234 28.395374 347 + 15 16+14 —5.01 £1.32 A0 N N/?
104  04055962+2956381 61.498439 29.943959 0.1+1.7 —5.63 +1.47 ? ? N/?
105 HD 283346 61.550881 25.362189 373 £ 32 5.7+1.1 —9.94 +£0.99 A2 N N/?
106 HD 26212 62.432002 24.072944 123fﬂ 115+ 4 24+08 —18.81£0.55 20.3+3.9 A5V YN Y/Y
107 HD 284189 62.614432 22.256375 289 + 11 54+1.1 —12.86£1.02 A3 N N/?
108 HD 284191 62.819075 22.248622 374 £ 30 36+£1.2 —-10.64+£1.11 A0 N N/?
109 HD 283467 62.988010 27.168309 648 £ 8 21+1.5 —2.224+1.33 A0 N N/?
110 04115969+3046563 62.998756 30.782361 144+1.7 —4.64 +1.46 ? ? N/?
111 04124695+2902138 63.195599 29.037144 0.7+ 1.7 —1.054+1.49 ? ? N/?
112 HD 283457 63.356642 27.357025 —-39+1.2 —6.57 £ 1.07 ? N/?
113 HD 283503 63.511797 24.813039 404 £+ 68 32+13 —-17.16+£1.18 A7 N Y/?
114 FM Tau 63.556610 28.213672 808 + 710 4.7+24 -29.78 £2.11 K3 Y Y/?
115 CW Tau 63.570878 28.182714 236 £+ 188 18+5.1 —24.94+ 4.5 K5Vee... Y Y/?
116 HD 281820 64.102354 29.149663 129+ 1.6 —14.54+1.48 A ? N/?
117 04171672+2518050 64.319686 25.301403 —1.1+23 —4.25 4+ 2.08 ? ? N/?




26

118
119
120
121
122
123
124
125
126
127

128
129
130
131
132
133
134
135
136

137
138
139
140
141
142

143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

DD Tau

HD 284308

FR Tau

HD 283568

HD 284383

HD 283571
04233478+2804292
FU Tau

HD 27787

2MASS
J04244457+2610141
JH 15
04262631+2742225
HD 283625

DG Tau
04273688+2936338
DH Tau

1Q Tau

DK Tau

2MASS
J04305028+2300088
HD 28697

HD 282267

HD 283688

FZ Tau

HD 284484
2MASS
J04325030+2942395
2MASS
J04325316+2948046
HD 282270

HD 283718

GK Tau

IS Tau

DL Tau

HD 283684

HQ Tau

HP Tau

HD 282334

HD 29333

DO Tau

HD 283739

HD 282387

GN Tau

HD 283746

HD 29459

HD 29631

HD 29646
04415107+2914109
HD 284648

DP Tau
04433905+2353578
HD 282424
04454979+2442422
HD 30168

HD 283868

HD 283823

HD 30309

HD 284763

DS Tau

HD 283861

HD 30466
04492661+2730388
HD 283842

HD 283830
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List of candidate early-type stars. The table is divided into sections, each compiled from a
different selection source, as described in the text. The last three columns state whether or
not (Y/N) the star is a probable Taurus member based on two distance estimates (d),
proper motion (1), and radial velocity(RV); see text. Error on dgpp o is the standard

deviation of distances calculated here using B,V,R,J,H, and K magnitudes.

64.629677 28.274725
64.646193 22.701229
64.897754 28.456022
65.094954 28.737826
65.391471 22.119671
65.489190 28.443195
65.894960 28.074773
65.897490 25.050747
66.113276 30.124556
66.185733 26.170592

66.209223 26.482108
66.609620 27.706273
66.715248 28.953061
66.769586 26.104481
66.903701 29.609408
67.423219 26.549413
67.464609 26.112596
67.684336 26.023512
67.709603 23.002469

68.090832 25.185490
68.099987 30.118652
68.108755 28.317406
68.132328 24.334158
68.192963 22.103749
68.209596 29.710960
68.221551 29.801318
68.275192 29.778140
68.366065 24.923085
68.394029 24.351647
68.403326 26.163645
68.412898 25.344065
68.570530 28.436188
68.947255 22.839317
68.969924 22.906426
69.033170 30.394761
69.608312 29.387357
69.619111 26.180440
69.682933 28.075829
69.695646 29.475297
69.837159 25.750568
69.842850 27.765421
69.846455 25.218274
70.245274 23.939795
70.332333 28.614989
70.462775 29.236408
70.572097 23.268516
70.657043 25.260368
70.912683 23.899431
71.037023 30.866020
71.457514 24.711720
71.550277 26.035498
71.778034 26.179319
71.796194 28.964173
71.865612 24.354856
71.940583 22.685857
71.952482 29.419766
71.975276 26.560652
72.316676 29.571363
72.360927 27.510755
72.548615 27.677257
72.585658 28.377142
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132£7
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27

179 HD 283885 72.743801 24.278521 343 + 35 3.1+1.5 —5.65 +£1.37 AS N N/?
180 UY Aur 72.947410 30.787076 115+ 44 49423 —19.24 +2.06 184+ 3 G5Ve Y Y/Y
181 HD 283945 73.028640 25.437055 515 + 66 —4.44+1.7 —8.31 £1.54 A2 N N/?
182 HD 283889 73.110373 28.729730 592 + 65 —3.2+1.6 —6.75+ 1.4 A0 N N/?
183 BD+26 758 73.135736 27.027236 158 + 12 —12.3+1.5 —22.63+1.34 A5 Y N/?
184 HD 283890 73.185411 28.619612 301 + 48 —-1.44+1.7 —4.83 £1.49 A3 N N/?
185 HD 283941 73.289352 25.491105 487 + 69 444+1.5 —T7.67+1.44 A0 N N/?
186 HD 283893 73.392339 28.456354 616 + 88 —254+14 —-11.43+1.23 A0 N N/?
187 HD 284873 73.431141 22.178329 6.4+1 —6.11 £0.93 A ? N/?
188 HD 283911 73.731551 27.630496 411 £+ 57 1.1+1.5 —8.24 +£1.33 A2 N N/?
189 HD 31329 73.914289 22.187528 281 £ 17 —-1.24+09 —8.15£0.93 A2 N N/?
190 HD 282624 73.997451 30.567085 152J_r2§1 451+ 1 54+14 —20.32+0.95 23.2+2.8 G2I Y/N Y/N
191 HD 284989 74.128224 22.591051 775 4+ 86 1.5+14 —5.63 £ 1.38 A0 N N/?
192 HD 31581 74.581425 29.847393 194+9 —-1.7+15 —-39+1.21 A2 N N/?
193 HD 31648 74.692775 29.843609 131f%‘§ 124 £+ 32 56+0.9 —21.16+0.69 A3Ve/A2 YY Y?
194 HD 284946 74.893341 23.502550 479 + 21 —-1.84+1.2 —5.04+1.1 A0 N N/?
195 HD 284035 74.941567 24.314204 523 + 61 —7+5.9 —7.11 £5.65 A0 N N/?
0,B,A stars from Knapp et al. SDSS data
196 04095167+2520112 62.465271 25.336500 4389 + 605 —1.6 +3.7 —4.8+ 3.7 —-0.1+1.6 A0 N N/N
197 04111342+2447170 62.805889 24.788080 8576 4+ 2737 0.3+£3.8 —3.3+338 37.5+£3.2 A0 N N/N
198 04113476+2524136 62.894859 25.403830 12774 + 2784 —3.7+4.3 —2.5+4.3 —2.5+25 A0 N N/N
199 04122067+2430477 63.086201 24.513310 6397 + 895 —2.0+3.8 —-3.9+3.38 —74+15 A0 N N/N
200 04132281+2620282 63.345039 26.341200 11426 4+ 1981 1.3+4.2 —6.2+4.2 —-1.14+1.7 A0 N N/N
201 04135173+2631257 63.465488 26.523861 11234 4+ 838 1.1+44 —4.2+ 4.4 69.9+2.6 A0 N N/N
202 04135440+2609097 63.476631 26.152700 3.2+3.9 —-9.94+3.9 64.2 £ 2.7 ? N/N
203 04142194+2500478 63.591438 25.013350 8722 4+ 1026 0.1+4.3 —-3.24+4.3 —1454+3 A0 N N/N
204 04142864+2608046 63.619362 26.134621 7392 + 1367 3.0+3.8 —8.2+3.8 23+1.8 A0 N N/N
205 04152014+2629584 63.833901 26.499580 8897 4 748 3.8+4.1 —7.5+4.1 256 £2.2 A0 N N/N
206 04152167+2522393 63.840290 25.377581 18112 4+ 1920 10.3+4.4 —5.3+44 101.5£5.1 B6 N N/N
207 04153610+2538570 63.900219 25.649200 744+4.5 —-0.3+4.5 —-66.4+73 O ? N/N
208 04154968+3035156 63.957008 30.587580 20128 + 6470 4.74+5.5 —0.5+5.5 62.6 £3.7 AOp N N/N
209 04155589+2941428 63.982899 29.695271 14164 4+ 7605 20+4.4 2.7+4.4 28+2.6 A0 N N/N
210 04160013+2730051 64.000603 27.501440 5608 + 403 —0.94+4.3 0.9+4.3 1104 +2.6 A0 N N/N
211 04161037+3053487 64.043190 30.896900 14170 4+ 5336 2.3+4.6 —-3.0+4.6 -3+23 A0 N N/N
212 04162411+2434450 64.100487 24.579250 7766 + 575 6.0+ 3.9 —3.8+3.9 21.9+£19 A0 N N/N
213 04162961+2643589 64.123383 26.733021 10475 + 1941 5.84+4.0 —6.5+4 31.8+3.2 A0 N N/N
214 04163672+2650392 64.152969 26.844250 11636 + 1775 1.44+44 —-3.7+44 0+3 A0 N N/N
215 04165196+2601449 64.216522 26.029141 12571 4+ 2322 6.9+4.3 —8.3+4.3 26.8 +£2.7 A0 N N/N
216 04170011+2522475 64.250412 25.379850 5729 £+ 756 4.14+3.9 1.6 +3.9 —10+2.8 A0 N N/N
217 04170272+2644290 64.261322 26.741400 16618 + 6674 —0.94+4.2 —1.6+4.2 —424+1.9 A0 N N/N
218 04174593+2618579 64.441330 26.316080 12914 4+ 2916 11.6 4.2 —6.2+4.1 —23.74+£2.6 A0 N N/N
219 04180495+2952363 64.520653 29.876770 5337 + 739 0.4+4.3 —1.0+4.3 56.2+29 A0 N N/N
220 04180763+2846201 64.531853 28.772261 —-3.0+4.3 24+4.3 —8.24+4 ? N/N
221 04182140+2552023 64.589111 25.867371 13651 + 2176 0.7+4.5 —2.1+45 19.9+£2.3 A0 N N/Y
222 04182615+2454459 64.608917 24.912741 6099 + 481 4.14+3.9 —0.7+3.9 23.2+1.9 A0 N N/N
223 04183386+2547250 64.641022 25.790310 7144 £+ 1040 1.24+3.9 —1.1+3.9 40.5+2 A0 N N/N
224 04183552+3006115 64.647987 30.103270 11840 + 6382 5.14+4.2 —3.7+4.2 —289+1.6 A0 N N/N
225 04183818+2735261 64.658989 27.590740 5840 4+ 429 0.1+4.3 —2.7+4.3 93.5+42 A0 N N/N
226 04184109+2449442 64.671127 24.828951 6709 4+ 1285 5.4+3.9 —6.5+ 3.9 —28.6+3.2 A0 N N/N
227 04184261+2550172 64.677528 25.838110 4135 4+ 2695 4.5+44 —1.5+44 60.3+2.2 A0 N N/N
228 04185780+3004129 64.740830 30.070339 7548 + 2854 —2.84+4.2 —1.0+4.2 16.4+1.5 A0 N N/Y
229 04185955+3050026 64.748200 30.834129 13418 + 4181 —59+4.7 —2.44+4.7 17.3£3.3 A0 N N/Y
230 04190128+2918288 64.755364 29.308020 17037 + 6908 0.3+4.7 —-09+4.7 —42+28 A0 N N/N
231 04190952+2907266 64.789658 29.124069 10467 £ 2703 05+4.4 —1.44+44 —2454+2 A0 N N/N
232 04191436+2552469 64.809807 25.879721 7069 £+ 461 3.8+3.9 —0.2+3.9 22.5+2.3 A0 N N/N
233 04191985+2749395 64.832733 27.827740 —2.6+4.3 —4.5+4.3 37+2.7 ? N/N
234 04192106+2931069 64.837784 29.518650 5810 4+ 1609 0.1+4.3 —4.84+ 4.3 —67+1.5 A0 N N/N
235 04193853+2949396 64.910599 29.827740 —12.3£5.8 —6.3+5.8 —53+22 0 ? N/N
236 04195512+2801576 64.979652 28.032820 20143 + 8223 —4.14+5.0 —13.7+£5 49.84+5.6 B9 N N/N
237 04200363+2950586 65.015122 29.849670 22508 £+ 13749 —2.84+44 1.14+44 25.8+34 A0 N N/N
238 04200803+2843222 65.033478 28.722879 5852 4+ 1409 —3.44+4.3 —2.6+4.3 13.5+1.5 A0 N N/Y
239 04203271+3015272 65.136299 30.257601 11597 4+ 1905 2.5+4.8 —5.1+4.38 —15.5+3.2 A0 N N/N
240 04203551+2945073 65.147903 29.752081 6242 £+ 572 —4.8+ 4.4 —34+44 —21.6 1.3 A0 N N/N
241 04204960+3010153 65.206642 30.170919 5912 4+ 1380 4.0+4.3 —-3.2+4.3 —-14+1.8 A0 N N/N
242 04205096+2840119 65.212318 28.670050 5659 4+ 1353 1.24+4.3 —1.7+4.3 1.5+£16 A0 N N/N
243 04210068+2711172 65.252724 27.188320 15034 4+ 10003 1.8+ 3.8 —85+38 —-168.4+22 A0 N N/?
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244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

04210658+2546557
04211397+2850064
04212796+3002107
04213150+2520399
04213151+2917334
04213578+2936482
04222582+2616149
04224008+2957006
04224882+2904442
04225306+2613188
04225686+2939043
04230562+2538494
04231596+2941221
04231716+2757432
04233427+2947149
04233438+3056585
04234983+2532157
04240540+2744507
04240902+2611351
04243937+2946563
04244689+2826203
04245454+3014488
04254650+2805257
04254749+3039409
04255111+3041231
04262320+2629082
04263605+2904190
04263695+3035247
04264332+3054283
04265712+2920054
04300090+2511506
04304916+2527382
04324026+2537105
04325041+2613573
04343357+2538478
04344093+2526178
04352460+2511584
04352506+2505371
04355804+2429239
04360432+2512256
04364715+2508462
04374665+2415466
04384454+2438388
04384756+2524115
04391699+2520299
04393029+2457401
04400871+2451438
04402154+2629461
04402572+2635205
04415750+2451568
04422622+2459000
04422916+2422346
04423176+2601455
04435975+2529297
04441407+2415542
04442409+2609464
04443402+2537401
04445791+2601458
04450067+2619327
04452569+2417505
04453199+2548133
04461962+2434148
04463405+2413551
04464411+2620004
04464556+2550507
04464746+2419597

Table 3

List of candidate early-type stars. The table is divided into sections, each compiled from a
different selection source, as described in the text. The last three columns state whether or
not (Y/N) the star is a probable Taurus member based on two distance estimates (d),
proper motion (1), and radial velocity(RV); see text. Error on dgpp o is the standard
deviation of distances calculated here using B,V,R,J,H, and K magnitudes.

65.277359 25.782129
65.308197 28.835079
65.366501 30.036320
65.381271 25.344431
65.381310 29.292620
65.399117 29.613489
65.607529 26.271099
65.667023 29.950230
65.703377 29.079029
65.721130 26.222340
65.736900 29.651279
65.773392 25.647060
65.816551 29.689520
65.821480 27.962071
65.892807 29.787510
65.893272 30.949650
65.957558 25.537720
66.022369 27.747620
66.037521 26.193510
66.164047 29.782440
66.195351 28.439030
66.227280 30.246929
66.443710 28.090530
66.447868 30.661350
66.462982 30.689720
66.596626 26.486160
66.650147 29.072081
66.654030 30.590200
66.680603 30.907900
66.737999 29.334990
67.503799 25.197390
67.704887 25.460671
68.167717 25.619631
68.210083 26.232540
68.639870 25.646650
68.670540 25.438280
68.852524 25.199591
68.854431 25.093679
68.991859 24.490030
69.018021 25.207150
69.196533 25.146160
69.444412 24.262991
69.685593 24.644190
69.698174 25.403200
69.820900 25.341660
69.876183 24.961180
70.036377 24.862181
70.089851 26.496161
70.107269 26.589060
70.489609 24.865770
70.609337 24.983379
70.621521 24.376360
70.632378 26.029329
70.998970 25.491650
71.058632 24.265110
71.100418 26.162939
71.141808 25.627850
71.241364 26.029421
71.252762 26.325800
71.357018 24.297430
71.383301 25.803770
71.581787 24.570881
71.641983 24.232010
71.683830 26.333450
71.689850 25.847441
71.697853 24.333281

16067 + 2065
12704 + 3762
6888 £ 1080
4475 £ 673
9353 £ 1500
10898 £ 2482
13098 + 3069
8232 £ 1932
14458 + 3048

9610 £ 1149
5550 £ 424
9546 + 1035
1417 + 1307
6340 £ 1232
3320 £ 420
11883 + 2984

12882 + 4098
16870 £ 6801
9024 £ 2583
10098 + 1561
10176 + 3362
5837 £ 1217

5375 £ 1263
9300 £ 1949
6815 £ 1694
4125 £ 496
11767 £ 4813
11299 + 2639
9909 £ 1761

9457 £ 2601

8742 £ 1788

4305 £ 611
7098 £ 1703
7047 £ 1224
8970 + 2523

12108 £ 5721
14445 £ 5743

4464 + 486

9289 + 1437
11112 £ 3705

11533 £+ 1056
3561 £ 2188

6966 + 1113

-9.8+4.1
1.0+4.7
—4.7+4.2
2.7+3.8
0.6 4.5
—1.7+£4.5
—-1.3+45
—-1.0+4.4
0.1£5.0
—29+44
—6.2+4.6
2.4+38
8.9+4.7
—6.5+4.3
—1.5+4.3
4.8+4.3
22+4.2
—0.3+4.3
42+39
3.2+48
0.7+4.9
—1.4+43
—25+4.4
—3.3+t44
—6.7+4.3
—1.4+39
—2.2+43
—4.4+4.2
—23+4.1
0.0+4.3
—0.1£3.9
0.4+4.3
2.9+4.2
1.8+3.8
0.7+£3.8
—-0.2+£3.9
0.6 +3.9
1.9+4.0
—2.0£3.7
3.5£3.7
—1.4+3.9
—3.6£3.9
—0.3£3.8
1.4+£3.8
—6.7+£3.8
17.8 £ 3.8
0.9+3.8
—3.5+£38
—6.6 £3.8
—0.1£4.0
9.5+4.0
2.6+4.2
2.1+4.0
—-1.3+43
3.2+4.2
—3.0+4.7
—2.0+4.3
—2.1+4.3
—0.1+4.7
144+44
—2.2+43
1.3+4.3
9.7+£4.9
—6.0+4.4
—4.6 4.3
—25+4.4

—15.4+4.1
3.1+4.7
—2.8+4.2
—3.2+38
—0.1+4.5
—4.6 £4.5
—3.3+4.5
14+44
—4.6=+5
—8.6+4.4
2.3+4.6
—0.2+£3.8
—8.6 £4.7
—9.1+4.3
—5.6+4.3
1.4+43
—1.7+£4.2
—5.5+4.3
—4.8+3.9
—5.9+4.8
—4.7+4.9
—1.6+4.3
—49+44
—6.1+4.4
—-1.8+4.3
—3.8+3.9
—2.2+43
—3.0+4.2
1.2+4.1
—8.3+4.3
—2.1+£3.9
—3.1+4.3
—2.5+4.2
—8.8+£3.8
—11.1+3.8
—-0.9+3.9
—0.4+3.9
—1.8+4
—2.1+3.7
—0.5£3.7
—0.6£3.9
—3.3+£3.9
—5.4+38
—3.1£38
2.0+3.8
—2.4+38
2.5+38
—6.1+£3.8
54438
1.5+4
—76+4
—4.8+4.2
—5.7+t4
—5.1+4.3
—3.8+4.2
—7.9+4.7
—9.5+4.3
—5.3+4.3
—7.3+£4.7
—7.1+4.4
—7.7+43
—4.1+43
1.3+4.9
—23+t44
—9.0+4.3
—2.8+4.4

64 £2.8
—45.6 £ 4
—334+14
—11.3+1.7
-1.6=£1.9
—229+2
—11.5+2.7
4.8+1.7
—-14+21
—28.4+4.3
20£2.1
1.9+24
57.1+24
349+1.9
12.7+ 1.4
—20.8+1.8
49.3+£3.2
53.3£2.8
—172+5
129+24
12.1+2.3
—204+2
29.9+4.2
2.8+2.6
41.9+2.5
15.9£12.6
—-16.1+1.4
72+£28
18.7£1.9
32+14
11.1+3.1
30.3 3.2
92.8+3.8
—33.1£7
41.1+4.9
13+3.3
1.3+34
9.5+3.8
39.6 +£2.3
83.4+4
21.8+3.1
—24.1+29
16 £ 3.6
342169
30277
11.9£2.5
28.1£5
—21.3+4.2
—26+5.4
66.5 + 3.5
22.7+4.2
3.9+19
2.5+2.6
1.5£3.2
31.7+3
6.8+2.7
54.6 + 3.9
51.3+1.8
—17.3+4
24.14+3.2
89.7+ 2.8
—23.5+5
223+ 34
-7.9+26
85+£25
20.5+2.6

A0
A0
A0

A0
A0

B9
A0

A0

A0

B9

A0

A0

ZRZZNNNZZZ N ZZ IR0 NI NN ZZZZZ 02NN 2222222222220 Z22ZK2Z22ZZ°Z22222222Z27Z

N/N
N/N

N/N

N/N
N/Y

N/N
N/N
N/N

N/N
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List of candidate early-type stars. The table is divided into sections, each compiled from a
different selection source, as described in the text. The last three columns state whether or
not (Y/N) the star is a probable Taurus member based on two distance estimates (d),
proper motion (1), and radial velocity(RV); see text. Error on dgpp o is the standard
deviation of distances calculated here using B,V,R,J,H, and K magnitudes.
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311 04464757+2448496 71.698288 24.813789 —-3.24+4.3 —2.6+4.3 50.7 £ 2.5 ? N/N
312 04471316+2452301 71.804802 24.875071 95+4.4 —13.3+44 —25.5+4.6 ? Y/N
313 04475295+2407358 71.970642 24.126699 14372 4+ 3532 3.1+4.8 —2.0+4.38 14.14+2.8 B9 N N/Y
314 04481479+2412522 72.061668 24.214569 12093 4+ 1796 0.2+5.1 —6.6 5.1 —24.5+2.6 A0 N Y/N
315 04484223+2405315 72.175957 24.092159 5295 4+ 1494 3.44+4.3 —8.7+4.3 25.2+2.3 B9 N Y/N
316 04485467+2603349 72.227799 26.059731 3.8+4.3 —8.24+4.3 —15.3£2.3 ? Y/N
317 04490164+2603474 72.256897 26.063191 —2.14+4.3 —4.7+4.3 —8.1+3.1 ? N/N
318 04495186+2546445 72.466042 25.779091 4478 4+ 1063 —1.44+4.3 —4.7+ 4.3 18+2.2 B9 N N/Y
319 04501677+2455582 72.569870 24.932921 7.7+4.3 —14.6 4.3 205.7 + 3.1 ? Y/N
320 04502462+2534113  72.602654 25.569889 —0.14+4.3 —12.84+4.3 39.3+4.2 ? Y/N
321 04502592+2609475 72.607941 26.163250 —-0.5+4.3 —9.7+4.3 —88+1.7 ? Y/N
322 04503511+2516324 72.646263 25.275740 5.1+4.4 —5.4+44 24+4.3 ? N/N
323 04505387+2426576 72.724533 24.449440 7078 £+ 1947 —1.54+4.3 —-3.9+4.3 28.7+2.2 A0 N N/N
324 04511381+2522599 72.807442 25.383381 6538 + 1250 5.6 £4.3 —4.0+4.3 12.44+25 B9 N N/Y
325 04513070+2438129 72.877831 24.636990 3468 + 296 10.7+4.3 —-7.0+4.3 32+25 A0 N N/N
326 04521892+2520501 73.078812 25.347281 5194 4+ 884 4.8+ 4.3 —3.0+4.3 63.8+2 A0 N N/N
327 04522135+2506498 73.088966 25.113840 9897 4+ 2710 41444 —4.8+44 26.4+3.6 A0 N N/N
Other stars
328 HD 31305 73.950958 30.337911 174 £ 11 L 6.4+1.7 —21.94+1.6 A1V N Y/?
329 HD 31293 73.941022 30.551191 139f%§ 121 £ 50 1.94+£09 —24.440.7 89+09 ~AQ0V Y Y/Y
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Table 4
Spectral types derived through new spectroscopy.

B# Star Equivalent Widths Derived
% CallK NII Hel Hel Hs Hel Sill  Hel H, Hel Hel Mgll Hg HeI H. He I SpT
3933.7  3995.0 4009.3 40262 4101.7 4120.8 4128.1, 4143.7 43404 43879 4471.5 44812 48623 49219 6562.8 66782
4130.9
Spectral Type Standards
HD 36960 3.0 0.12 0.09 042 12 4.0 0.48 0.02 055 4.2 0.58 0.98 0.15 3.6 0.78 3.4 0.68 BO.5V
HD 19374 26 0.15 0.08 056 1.5 5.7 0.35 0.08 0.82 52 087 1.6 0.20 5.4 0.97 42 0.66 B1.5V
HD 35912 32 0.14 0.04 065 1.5 59 0.26 0.12  0.81 59 091 1.6 0.25 59 0.88 44 0.56 B2V
HD 28375 26 0.13 0.01 030 1.1 7.6 0.20 021 045 7.6 061 1.1 0.28 7.4 0.56 5.5 0.31 B3V
HD 16219 27 0.13 0.01 0.19 0.82 8.1 0.13 026 033 8.0 048 0.85 0.32 8.0 0.43 5.7 0.21 B5V
HD 21071 27 0.14 <0.01 0.15 084 8.4 0.11 024 029 8.4 0.44  0.80 0.30 8.7 0.41 5.8 0.20 B7V
HD 14272 1.7 0.19 <0.02 0.40 10.2 @ 024 0.11 9.3 011 0.25 0.31 10.1 0.28 6.4 0.12 B8V
HD 16350 1.9 0.57 @ 12.3 @ 026  0.08 17.8 @ 0.10 0.38 11.9 <0.23 87 0.04 B9.5V
HD 14171 1.7 0.29 14.6 @ 030 ¢ 13.0 0.023 0.33 13.6 @ 9.4 @ B9.5V
O,B stars listed in SIMBAD
50 HD 283809 1.8 0.24 0.09 070 14 49 0.35 0.10  0.86 49 090 14 0.27 5.0 0.93 3.8 0.64 B1.5-2V
51 7 Tau 24 0.29 0.01 043 12 8.2 0.21 0.15 056 7.9 072 1.0 0.27 7.8 0.68 5.6 0.38 B3V
25 72 Tau 31 0.12 0.02 0.16 0.82 9.8 >0.1 024 027 9.2 049 0.75 0.31 8.6 0.41 6.0 0.18 B7V
88 HD 31806 34 0.12 0.01 021 0.77 9.7 @ 022 027 8.7 045 0.72 0.34 8.8 0.39 6.4 0.19 B7V
6 HD 283304 1.2 042 0.03 ¢ 8.9 @ 079 ¢ 8.2 0.15 0.07 0.16 8.2 0.20 6.6 <0.05 B8V Si
33 HD 282276 1.4 028 0.02 0.05 031 8.9 ¢ 041  0.09 8.2 @ 0.29 0.26 8.0 0.24 6.5 0.12 B8V
36 HR 1445 23 0.19 ¢ 0.04 041 9.6 @ 030  0.13 9.1 <0.20 0.32 0.32 8.7 0.26 6.7 0.05 B8V
13 V1137 Tau 29 0.18 0.01 0.11 0.29 6.4 >0.05 037 0.11 5.9 <0.22 0.30 0.22 6.5 0.22 5.9 0.09 B8III
48 HD 29647 1.6 031 0.04 <0.1 0.24 8.7 @ 034 0.09 7.8 <0.19 0.26 0.39 7.1 0.22 6.1 0.06 BIIII
81 HD 283971 1.6 092 0.01 0.03 0.25 11.1 @ 025 0.07 9.5 @ 0.19 0.38 10.6 <022 79 <0.05 B9V
63 HD 30378 3.0 028 <0.01 0.01 024 13.6 @ 024  0.06 13.0 <0.1 0.27 0.44 12.7 0.18 9.1 <0.05 B9.5V
4 BD+23607 23 1.1 <0.01 ¢ <0.01 16.6 @ @ @ 14.0 @ 0.08 0.38 13.9 <0.19 9.7 <0.02 A0V
12 HD 283449 1.2 075 ¢ ¢ 0.23 14.3 @ 026 <0.09 137 ¢ 0.11 0.46 14.3 0.14 10.7 <0.05 A0V
53 V1081 Tau 3.1 059 e ¢ 0.11 16.8 @ @ 0.01 16.8 @ 0.13 0.37 15.8 <0.16 10.7 <0.03 A0V
19 V892 Tau 05 i ~0.17  ~140 © i © b © i ~0.16  ° © b ° ~AOVe
Early-type stars from|Rebull et a1.7(2010)
95 HD 283751 1.5 039 0.49 026 0.82 8.0 0.13 023 036 o 0.50 0.79 0.32 b 0.31 b 0.21 B5Ve
90 HD 27923 23 024 ¢ 0.04 033 12.9 @ 0.18  0.07 11.8 <0.21 0.27 0.35 11.5 0.18 8.2 <0.05 B9V
91 HD 283637 1.6 091 ¢ ~0.05 <032 159 @ >0.04 € 13.7 @ ~0.11 037 13.6 0.22 b 0.1 B9.5eV
94 HD 284530 2.1 034 <0.01 ¢ 0.30 13.6 @ 030  0.09 11.7 <0.35 0.25 0.38 115 0.24 8.5 <0.07 B9.5V
93 2MASS0431+29 1.9 0.48 <0.03 * 16.6 @ @ ¢ 17.2 a/e <006 027 15.6 <0.24 109 <0.01 AlV
89 HD 27659 1.0 26 <0.19 <0.16 104 @ ~0.37 <0.19 104 <0.39 <023 047 11.6 <0.48 10.1 ~0.1 A3V
92 2MASS0428+27 0.3 ~35 @ <0.04 © ~12 @ ~0.5 <02 ~12 @ <0.6 0.87 ~14 <0.11 9.6 0.14 A4IIL
O,B stars selected using 2MASS colors
106 HD 26212 1.2 39 e @ @ 11.8 e ~0.35 <0.16 89 <033 <021 041 9.0 <042 9.6 ~0.1 A5V
Other
328 HD 31305 1.8 1.7 ¢ <027 176 @ ~0.28 <0.09 163 <0.28 <0.16  0.46 15.0 <0.27 9.6 <0.02 AlV
329 AB Aur 24 ° ~0.17 0.40 b b AOVe

B# is repeated from Table El SNR is the signal-to-noise ratio of the obtained spectrum. Notes- (a) embedded in an adjacent absorption line, (b) emission line present within the
absorption line, (c) hard to distinguish from noise.
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Table 5
Physical parameters derived through model atmosphere fitting.
Star Terr v-sinit logg SpT
K &ms™!) (cgs)
HD 283809 21000 < 50 40 B2V
HD 29763 = 7 Tau 18000 150 4.0 B3V
HD 283751 15000 50 4.0 B5SV
HD 28149 =72 Tau 14000 75 40 B7V
HD 31806 14000 100 40 B7V
HD 28929 = HR 1445 13000 < 50 40 B7V
HD 26571 = V1137 Tau 13000 < 50 3.5 B7IIL
HD 284530 12000 < 50 4.0 B7.5V
HD 283971 12000 50 4.0 B7.5V
HD 283304 12000 < 50 3.5 BSII
HD 282276 12000 < 50 3.5 BSII
HD 29647 11500 < 50 3.5 BSII
HD 27923 11000 < 50 4.0 B85V
AB Aur 11000 200 4.5 B85V
2MASS J04313313+2928565 11000 250 45 B85V
HD 31305 11000 150 45 B85V
HD 30378 11000 < 50 4.0 B85V
V892 Tau 11000 100 45 B85V
HD 29935 = V1081 Tau 11000 200 45 B85SV
HD 283637 11000 50 4.0 B85V
BD+23 607 10000 < 50 4.0 A0V
HD 283449 10000 < 50 4.0 A0V
HD 27659 9000 < 50 35 All
2MASS J04285940+2736254 9000 < 50 3.5 A4l
HD 26212 8500 < 50 3.5 ASII
Table 6
Final list of early-type stars showing indications of membership with Taurus.
B# HD Number Alt. Identifier Q32000 832000 SpT dyrp dgppe P(Xz) RV Comments
(h,m.s) (GRR0) (pc) (pc) (%) (kms™')
Probable members based on our analysis of distance and/or kinematics
51 HD 29763 7 Tau 04421470 2257249 B3V 123713 137+9 51 123+4.1
25 HD 28149 72 Tau 04271745 225946.8 B7V 1274:3 161+ 3 24 7.3+ 2.6 IR nebula; cool dust SED
36 HD 28929 HR 1445 043437.99  285740.1 B8V 143128 157 +3 115 12.6 £2.2  Weak nebula
19 — V892 Tau 04 1840.62 2819155 ~B8.5-A0Ve i 25.7 IR nebula; Class I SED
329 HD 31293 AB Aur 04554585 3033043 AOVe 139722 120 £50 361 8.940.9  ClassII type SED
328 HD 31305  IRAS 04526+3015 04554823 302016.5 A1V 174 £ 11 21.5 Cool dust SED
193 HD 31648 MWC 480 04 5846.27 295037.0 A3Ve 1371'% 186 + 48 18.8 Class II type SED
106 HD 26212 — 04 0943.68 240422.6 A5V 1231’}1 33 20.3+3.9
Candidates with several membership indicators but that are not secure distance and kinematic members
46 — 1C 2087 04395575 254502.0 B5: 46.7 IR+visible nebula; Class I type SED
96 HD 283815 — 044241.18 2441179 A0 268 + 40 12.8 Meets proper motion but not distance criteria
89 HD 27659 — 042254.66 282355.0 A3V 164 £+ 10 < 0.1 Meets distance but not proper motion criteria;
cool dust SED
Stars illuminating infrared nebulae but that can not be associated with Taurus based on distance and kinematic criteria
33 HD 282276 — 04330423 2921499 B8V 422+52 <0.1 IR nebula; cool dust SED; NOTE:
P(x?) = 6.2 for Taurus grp. V
48 HD 29647  IRAS 04380+2553 04 4108.05 255934.0 BIIII 177f‘§2 160+ 1 < 0.1 IR nebula; cool dust SED

Section

SPEC

(1) B# is repeated from Table |3} (2) SpT is the spectral type as revised in this work or from literature. (3) The probability of proper motion membership, P(X2), is as discussed in
(4) The membership criteria used in this work are: P(Xz) > 1%, 128 < d < 162 pc within 1o error, and 9.8 < RV < 17.5 km s~ ! wherever radial velocity
is available. ' d

= 1697 £ 1548 pc,dp = 4720 pc, di = 135 pc
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