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Figure 6. WISE band 1, 2, and 3 color—color dingram showing the disiribution
ol abjects defecied by WISE with decl. = BE22 which are likely dominsted by
exiemel galavies. Overaid are iracks showing the golucy t=mploies of Azoef
et sl {010k E {ellipticall, She {spimal]), Im (Mopellenic iregular), and &GN,
Each tack covers the redshifi mnge 7 = 0 {marked with a dismond paint) o
T = 1.1, except AGMs which show 7 = 0-3.
(A color version of this figure is svailable in the oafine journal b
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APPENDIX

We ndapt the established source classification scheme of
Gutermuth et al. (2008, 2004 to the WISE telescope wavebands.
Consequently, our scheme follows the same steps. The figures
included with the text in this section present ohjects detected
by WISE (listed in the preliminary release catalog) from the
compilation of Rebull et al. (30100, In their paper, Rebull et al.
{2011 compile 215 previously identified members of the Taorus
star-forming region and identify 148 new candidate members
with optical, X-ray, and uliravicdet imaging. In this appendix,
redd, Huoe, and gold points mark previously known Y50s from
their Table 4 (Class 1, flat spectrum, and Class I1), while pale
redd, pale blue, and yellow mark the new ¥ 505 from their Table
5. The figures shown are used (o demonstrate the context of each
=of of classification criteria with respect to known source types.

Chur scheme is described below and is designed to be applied
in the order it is written. Mote that st each stage in the following
scheme. objects are classified in the specified calegory with the
given set of cobor and magnitude criteria and are set aside from
further consideration nnless specifically described in the text.

Al Extragalactic Qhject Removal

The sample of ¥ 50s that we derive from the WISE data comes
primarily from the matched WISE bands 1. 2, and 3 catalogs
{34, 4.6, and 12 pem) that we produce for each field, requiring
photometric uncertainty 0.2 mag in all three bands. The first
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Figure 7. WISE band 1, 2, and 3 color—color disgram showing the distributicn
of diskless {black podnts), Cless 1T (gold and yellow], Aat SED {bloe and light
bime], and Class T Y30 (red 2od light red) from the Tounes compilstion of
Hebull et al. (201 0) defecied by WISE. Gray poinls show the lncation of objects
delecied by WISE with decl. «E8277. Solid lines chow the region from which
we ot PAH,star-forming galavies.

(A calor version of this Sgame is aveilshle in the online joarnal ¥

step in extracling young stars i bo remove objects from the
merged catalog that are most likely to be unresolved external
oalaxies.

The Spitzer Deap, Wide-Field Survey catalog {Ashby et al
200f% has been matched to WISE data for the same £.5 dep?
area of Bodtes. We developed our criterin by plodting these
data, as they will likely be dominated by extermal galax-
i in WISE color space. For comparison, we also extracted
WISE photometry from the norh and south eguatorial poles
{decl = +88°27 and also decl. =—E&22) which we assume will
also consist mostly of galaxies.

In Figure & we plot a color-color diagram of the objects
detecied in the north polar field, reguoiring photometric emmor
<2 in WISE bands I, 2. and 3. For comparison, we overplot
tracks showing the location of the galactic SEIY templates of
Assaf et al. (2010} Although labeled 2= E (elliptical), Sbe
(zpiral), Im {Magellanic irregular)., and AGM, these templates
are not built to look like specific galaxy types, but are used
to model galaxies as composites of different populations.
The templates are not orthogonal by design, but are intended
to reproduce the typical components of galaxies: old (E),
intermediate (5bc), and young stellar populations {Im}, as well
as nuclear activity {AGM).

Galaxies with elevated star formation activity exhibit in-
creased PAH-feature emission which gives them red colors in
the Spitzer 5.8 and 8 ppm bands and this propenty is similarly
observed in the WISE [4.6] — [12] color. We thos label objecis
following all the constraints below as PAH fstar-forming galax-
ies. These equations hkold to delimit the region drawn in Figure T:

[3.4] — [4.6] < 0.46 x (]4.5] — [121 — 1.7}

[3.4] — [4.6] > —0.06 x ([4.6] — [12] — 4.67)
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[3.4] — [4.6] < —1.0 = ([4.6] — [12] = 5.1)

[3.4] — [4.6] > 048 x ([4.6] — [12] — 4.1)

[4.6] > 12

[4.6] — [12) = 2.3.

Unresolved broad-line AGNs possess mid-IR colors very
similar to young stars. However, on avernge they will be fainter
than a typical young star in Galactic regions closer than ~~5 kpe,
thus we use a brightness cut in WISE band 2 as the primary
dizcriminant. 'We consider as candidate AGM those sources
following either set of conditions below (see Figure 8):

[4.6] > 1.9 x ([4.6] — [12] + 3.16)

[4.6] = —1.4 x ([4.6] — [12] — 11.93)

[4.6] = 13.5

[3.4] > 1.9 x ([3.4] — [12] + 2.55)

[3.4] > 140,

Both star-forming galaxies and AGNs are removed from
further consideration as Y50s in the following treaiment. As
discussed in Guotermuth et al. (2004), Koenig et al. (2008]),
and Rebull et al. (2011}, these criteria are imperfect as they
misclassify some fraction of the extragalactic objects and also
remove some fraction of tue Y50s from the catalog. since
foint YSOs will overlap the AGM and star-forming galaxy
color/magnitude boundaries. We estimate from the Bottes field
sample that 4.7 + 0.7 galaxies deg—* will appear in the Y5O

list as Class 11 soorces, 2.4 4 0.5 deg~* will appear as Class |
sources, and 1.8 £+ 0.5 will be false transition disk objects. The
north and sooth pole fields result in a slightly lower numbser
of fake YS50Os: the combined mnge of these felds, incloding
Poisson emmors, is 1.4-2.9 Class [ sources, 2.2-54 Class [
sources, and 0.9-2.7 transition disk sources per square degree.

These valoes are sensitive to the relative depths of WISE
coverage (which is deeper at the poles than in the ecliptic.
due to the orbit of the WISE telescope). any bright extended
emission in the image and natural vanability in the space density
of stars and galaxies. For example, in the study of the wider
environment around the Taurus star-forming region by Rebull
etal. (2011}, 724 of their 014 Y50 candidates were found to be
likely contaminant galaxies, foreground or background stars, or
other objects. Their sample reguired signal-to-noise ratie =7 in
WISE bamds 1, 2, 3, and 4, and resulted in 2.75 total foke YS5(s
per square degree after comparison with available spectroscopy
and existing catalogs. Extrapolating this resalt to a WISE band
1, 2, and 3 sample in line with this paper, we stll find only
4.8 fake Y50s per square degree. Thas, the guoted level of
contamination that we present is likely an overestimate in most
Gaalactic star-forming regions,

A2, Shock Emission Blobs and Resolved Structune

We next remove two classes of image contaminants from the
remaining catalog. As discussed by Guoterrmuath et al. (20047,
the first are resolved shock emission knots—in Spifzer images
these are prominent in the 4.5 pm band. The zame is likely true
of the WISE 4.6 pm band. The second class is resolved struc-
tured PAH emission; in WISE data, these are mainly fake
detections at 12 pm due fo the comparmble point source-
response-function of WISE at 12 pm and size scale of strocture
in the copious PAH nebulosity that is prevalent in star-forming
regions.

Shock objects are those with the following colors:

[3.4] — [4.6] > 1.0

and
[4.6] —[12] = 2.0
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Figure 9. WTSE band 1., 2, and 3 color—color dingrem showing the distribution
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H'IIIII

Resolved PAH emission objects require either

[3.4] — [4.6] < 1.0

and

[4.6] —[12] = 4.9
or

[3.4] —[4.6] < 0.25
and

[4.6] — [12] > 4.75.

A3 Young Stellar Objects

Having removed the previously defined contaminants, we
nextidentify Y 50s using the list of objects with good three-band
WISE detections, ie., those possessing photometric unceriainty
<{.2 mag in WISE bands 1, 2, and 3. We have tested the
following scheme by comparing the various color criteria with
the photometry of Tanms region Y50s listed in Rebull et al
{ 2010¥) that are also detected by the WISE telescope. See Figune 9
for the following steps. Class | Y50s (candidate protostars) are
the reddest ohjects, and are selected if their colors match:

[3.4] — [4.6] > 1.0

and
[4.6] — [12] = 2.0.

Class I Y50s (candidate T Touwr stars) are slightly less red
objects, and are selected with coloes:

[3.4] — [4.6] — &y = 0.25

[46] —[12] — a2 = 1.0,
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where
o = a ([3.4] — [4.6])

and
oy = o ([4.6] — [12]),

where «(...) indicates a combined error, added in quadrature.

A4 Using 2MASS Data

Many ohjects visible in WISE bands 1 and 2 will lack a
reliable band 3 or 4 detection, due to the brighl background
emission present at these longer wavelenpths and the drop in
sensitivity. To make up for this, we match the WISE catabog to
the ZMASSE JHK ; point-source catalop {Sknotskie el al. 2006),
We match using a 3" search radius, removing objects from the
2MASSE catalog with photometric gquality fiags I, E.F, or X in
ary band. This stage of the scheme requires a measurement of
the intrinsic colors of ohjects, removing line-of-sight extinction
to each source. We directly adopt the technigue described by
Gutermuth et al. {2005) and use the ZMASS JHE; point-source
catalog (cleaned for photometric quality as above) to generate an
extinction map for each region with 36" pixels. For each source
in the merged WISE+2MASS source list, we take the median
extinction valoe ina 3 ¢ 3 pixel grid around the nearest pixel in
the extinction map. Each source’s WISE+2ZMASS photometry is
then dereddened using the extinction law presented in Flahery
et al. {2007

Using these dereddened colors, we find additional Class [1
objects reguiring the following dereddened colors from the
remaining unclassified objects (see Figure 100

[[3.4] — [4.6]}g — o1 = 0.101

and
[Ks—[34]) — o3 = 0.0
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and

[Kx —[3.4]]p — o3 = —2.85714 = {[][3.4] — [4.6]])y — D.101)
+ 1.05

and
[3.4]0 < 13.8,

where
o = o ([3.4] — [4.6])

m =0 (Ks —[3.4]),

where ... indicates a combined error, added in quadrature.
Among these new Class 11 objects, we classify the reddest
objects as Class [ objects with

[Ks —[3.4]lg — 7 = —2.85714 = {[[3.4] — [4.6]]; — 0.401)
+ 1.9,

A5 WISE Band 4 22 pm Pholometry

In the same way that Guiermoth ef al. {2008) used Spifzer
MIPS 24 pm data to identify evolved so-called transition disks
and confirm that Class | sources SEDs continue to rise at lonig
wavelengths.

W first identify as “transition disks"” {disks with photospheric
codors between 3.4 and 12 pem but an excess at 22 pm) objects
with photometric error <02 in WISE bands 1, 2, and 4 and

[4.6] — [22] > 2.5

and
[3.4] < 14.

Figure 11 shows the location of the Class 1 criteria specified
above and the region in which we find candidate transition disk

objects.

W check that previously clacsified Class | stars that possess
photometric emor <0.2 in WISE band 4 have rising SEDs at
22 pm. If they do pot, they are considered reddened Class 11
sources and re-classified as such if

[4.6] — [22] < 4.0.

We also eliminate Class Il stars that possess excessively
blue colors. While these may possibly be stars with disks, we
conservatively reject them as T Taun stars and place them back
in the unclassified pool if

[3.4] —[12] = —1.7 = ([12] — [22D + 4.3
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