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Fig. 6. Herschel RGB color composition using all public SPIRE observations from the Herschel Science Archive at 250 um (blue), 350 um (green),
and 500 um (red). The filled circles represent the most probable members of Taurus A (in red), Taurus B (in blue), Taurus C (in yellow), Taurus D
(in green), Taurus E (in cyan) and Taurus F (in magenta). With Taurus Main we refer to the Taurus complex excluding the clouds L1517D, LDN
1551 and L1558. The green numbers which appear only on Taurus Main correspond to the distances in parsec computed in those positions by
Zucker et al. (2019). In red we indicate the names of the clouds in the region. At 150 pc the size of 1° corresponds to 2.6 pc.

to bracket the dust screen between unreddened foreground stars
and reddened background stars. The work of Zucker et al. (2019)
allowed the authors to not only find a single distance for the sur-
face of the Taurus molecular cloud of 141 + 9 pc, but also to
map the 3D surface of the region previously defined as Taurus
Main. This discussion can be taken a step further by consid-
ering the 29 local distances computed by Zucker et al. (2019)
over Taurus Main at the positions indicated with numbers 1-29
in the central part of Fig. 6. The values of the corresponding
distances are given in Table 2. In the following, we take into
account the measurement errors on both the stellar populations
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and the molecular cloud when comparing their relative positions.
Most of the sources of Taurus A lie between the B209 and
L1495 clouds: the stellar population, at 130 pc, is associated
with the molecular cloud, which ranges between 132 and 136 pc.
Taurus B extends over a filamentary structure, identified by a
first filament corresponding to B215 and a second filament corre-
sponding to L1524 and L1529. In this case, the stellar population
is located in front of both filaments at a range of distances
between 4 and 20 pc. A further six sources of Taurus B cor-
respond instead to the L1527 cloud, and are associated with it,
within the errors.
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Fig. 7. Two-dimensional projections of the 3D spatial distribution of the multiple populations of Fig. A.1. The color code is as in Fig. 4.

Table 2. Local distances in Taurus Main computed by Zucker et al.
(2019) with: the number appearing in Fig. 6 (Cols. 1 and 4), galactic
positions (Cols. 2 and 5), and the distances (Cols. 3 and 6).

# 1[°],b[°] Dipc] | # 1[°],b[°] Dpc]
1 1673,-163 1335 |16 173.0,-151 139%}¢
2 168.0,-157 11651 | 17 173.0,-13.9 1274

3 168.0,-170 132*5 | 18 173.7,-15.7 14278

4 1688,-163 136'% |19 173.7,-145 13073
5 168.8,-151 136'13 | 20 173.7,-132 123*]!
6 1695, -157 1322 |21 1744,-163 150

7 1702,-151 1423 |22 1744,-151 1607

8 1702,-163 1627)0 | 23 174.4,-139 1377

9 1709,-157 152, | 24 175.,-17.0  1507]

10 1709, -14.5 114710 | 25 1751,-15.7 152%3

11 1716,-151 12873 | 26 1751,-145 161°}°
12 1716,-13.9 15475 | 27 1751,-132  1507]

13 172.3,-170 151%3 | 28 175.8,-163 159*]

14 1723,-145 147" | 29 175.8,-139 162%

15 1723,-132  126%¢

The part of Taurus E which in 2D appears to be associated
with the L1495 and B213 filamentary structures is instead more
distant by 2—20 pc at the center of the filamentary structure, and
by 25-35 pc at its ends. The rest of Taurus E is on the surface of
the L1536 cloud, at the same distance of about 160 pc.

Outside of Taurus Main, the distances of the individual
clouds are not known. However, we find that Taurus C, at a dis-
tance of ~160 pc, is spatially distributed on the L1517 cloud,
while Taurus F is spatially distributed on L1551 and located
at a distance of ~146 pc, consistent with the mean distance of
the Taurus molecular cloud. Assuming we have the same situ-
ation as in the case of L1527 and L1536, where the distances
of the stellar populations correspond to the measured distances
of the clouds, this might suggest that L1517 and L1551 lie at
~160 pc and ~146 pc, respectively, as do their associated stellar
populations.

In this scenario, part of the different populations are still
associated to the molecular cloud and the dynamical interac-
tions between the stellar populations and the molecular cloud
are still ongoing. It is important to note that the distances found

for the molecular cloud represent only its upper layer closer to
us. While the stellar population seems to be always associated
with the clouds, this is not the case when filamentary structures
are present.

A possible explanation is that the stellar population is
moving away from the filamentary molecular cloud. Another
possibility is that a physical mechanism actively removed the
molecular cloud from the cluster. A further dedicated study is
required to decipher which of the above mentioned scenarios has
taken place in the Taurus complex, and to investigate the relation
between star and clump formation and filaments in this region.

4.3. Kinematics of the Taurus Main populations

In the above discussion we conclude that only part of the stel-
lar populations and the molecular cloud are still associated. In
this section, we concentrate on the kinematics of the three pop-
ulations associated with Taurus Main, namely Taurus A, B, and
E. We use the available radial velocities collected from the lit-
erature by Galli et al. (2019). All three populations have radial
velocity measurements for more than 20 stars; the correspond-
ing histograms are shown in Fig. A.2. Although the accuracy of
these measurements does not allow a proper investigation of pos-
sible subclusterings, we can in any case see that, while Taurus A
and B share a similar peak of the distribution, the peak of Taurus
E is shifted by ~1 kms™'.

We computed the galactic space velocity (U, V, W)? in the
same reference system as the (X,Y,Z) positions computed in
Sect. 4.2. These velocities have also been corrected for the solar
motion” to the local standard of rest. We considered the mean 3D
velocities between Taurus A, B, and E as a reference to compute
the mean differential velocities of each population. The results
are shown in Fig. 8 with the three projections of the 3D aver-
age motions on the planes (X,Y), (X,Z), and (Y¥,Z). As discussed
above, Taurus A and B are overlayed in the (X,Z) projection, and
the relative motions can be misleading. In the (X,Y) projection,
Taurus A and B are converging to a common point, while in the
(Y,Z) projection, Taurus B is moving in the direction of Taurus A.
This might be evidence that the two populations are merging. In
two out of three projections, Taurus E appears to be approaching
Taurus A and B.

Additional high-precision radial velocities of each member,
in combination with astrometric data, are required to understand
the dynamics of the entire region.

3 We used the implementation of the gal_uvw.pro IDL routine avail-
able in the public astrolib library, presented by Gagné et al. (2014).

4 For the solar motion we adopt the value of (U,V,W)o = (-8.5, 13.38,
6.49) from Coskunoglu et al. (2011).
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Fig. 8. Spatial distribution (as in Fig. 7) of Taurus A (red), B (blue), and E (cyan), represented by the small dots, with RV measurements. The
arrows represent the differential space velocities (U,V,W) with respect to the mean motion between all the sources of the three populations. Each

differential value has been magnified by 100.

5. Summary and conclusions

We carried out a statistical analysis (taking into account errors
and covariances between the parameters) of the Taurus members
with a reliable Gaia DR2 counterpart in order to look for mul-
tiple populations in the Taurus complex. Our results allow us
to infer detailed information on the relation between the stellar
population and the molecular cloud structures in the Herschel
maps. We find six stellar populations. Three of them are located
over Taurus Main: Taurus A and B at a similar distance of
~130 pc, and Taurus E at ~160 pc. We find that these stellar
populations lie at a similar distance to the molecular cloud when
this is structured as a cloud, suggesting that they are associated.
This is not the case when the molecular cloud is filamentary.
Taurus C and F are mostly concentrated on the L1517 and L1551
clouds. The sixth population, Taurus D, is widely spread spa-
tially and kinematically, suggesting it could either be a sparse
young population, or be composed of multiple substructures.

The analysis of the differential average velocity suggests that
Taurus A and B might be merging, while Taurus E is proceed-
ing towards Taurus A and B. However, a definitive conclusion
on their kinematics will only be possible when accurate radial
velocities become available for all the members.

This study supports the view that star formation occurred
in clumpy and filamentary structures that are evolving indepen-
dently, and that Taurus is not the result of the expansion of a
single star-formation episode.
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Appendix A: Additional material populations, which can be rotated in the electronic version of
the paper. The histograms in Fig. A.2 show the distribution of

Here, Table A.1 provides a reduced version of the complete table  he radial velocity compiled from the literature for Taurus A, B,
of membership probabilities; the complete table is available at 4 .

the CDS. Figure A.1 shows the 3D spatial distribution of the six

Table A.1. Reduced first ten lines of the table available at the CDS.

Name Gaia DR2 ID RA Dec PLX E PLX PMRA E_PMRA PMDE E_PMDE

AB Aur 156917493449670656  73.9410446  30.5510888  6.13996 0.05709 3.92615  0.09673  -24.11163  0.06753
CX Tau 162758236656524416  63.6994652 26.8029627 7.81673  0.03963 9.02460  0.10009  -22.45099  0.06506
DL Tau 148010281032823552  68.4128640 25.3438374 6.27593 0.04767 9.32913  0.08686  —18.29044  0.06509
FM Tau 163184366130809472  63.5566418  28.2135524  7.57948 0.04656 8.58744  0.10322  -24.41631  0.06664
FT Tau 149623711269425408  65.9133224  24.9371978  7.82449 0.05194  6.91801 0.11914  -21.69847  0.07524
GM Tau 148449845165337600 69.5889388  26.1537301  7.22990 0.14906 5.46909  0.26974  —-22.97363  0.21549
GO Tau 148106316500918272  70.7628400 25.3384431 6.91711 0.04803 4.72669  0.10092  -20.20513  0.04601
HD 28354  152189662169148288  67.3326699  27.4041113 728903 0.10899  7.26521 0.17405  -25.14882  0.13331
LkCa 15 144936836795636864  69.8241791  22.3508662 6.29465 0.04814 10.47118  0.12711  —17.38300  0.05969
LkCa 19 156900622818205312  73.9040623  30.2985351 6.26297 0.07864 4.30736  0.15384  -24.13216  0.07560

ruwe  pa PB Pc Pp PE Pr RV  SpType Pop Clust Mem

.02 0.00 0.00 098 0.02 0.00 0.00 890 A0 cyan 1 1
1.09 041 059 0.00 0.00 0.00 000 16.63 M25 red 7 0
116 0.00 0.00 0.00 0.01 099 0.00 1394 K55 blue 13 1
1.27 1.00 0.00 0.00 0.00 0.00 0.00 ... M45 red 7 1
1.09 0.00 099 0.00 0.00 0.00 0.00 1724 M3 red 9 1
123 0.01 091 0.00 0.08 0.00 0.00 1646 M5 red 14 0
.09 0.00 024 0.00 076 0.00 0.00 1542 M23 red 15 1
110 099 0.00 0.00 0.01 0.00 0.00 ... B9 red 7 0
118 0.00 0.00 0.00 000 100 0.00 1765 K55 blue 18 0
.02  0.00 0.00 100 0.00 0.00 000 1358 K2 cyan 1 1

Notes. RA and Dec positions and the astrometric data are from Gaia, the spectral types and the colors in the “pop” column are from Luhman
(2018), the “clust” and “mem” columns are the cluster number and membership from Galli et al. (2019).
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Fig. A.1. Three-dimensional spatial distribution of the multiple populations. The color code is as in Fig. 4. An animation with different orientation
of this plot is available online.
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Fig. A.2. Distribution of radial velocities from Galli et al. (2019) for the most probable members of the Taurus A (red), Taurus B (blue), and the

Taurus E (cyan) populations.
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