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1. INTRODUCTION

- define acronyms: YSOs, VLBI, GOBELINS

2. SAMPLE AND OBSERVATIONS

In a recent study, Dzib et al. (2015) reported on multi-

epoch radio observations of the Taurus-Auriga star-

forming complex using the Karl G. Jansky Very Large

Array (VLA). They detected 59 sources related to YSOs,

18 field stars and another 46 unidentified sources whose

radio properties are consistent with YSOs. However,

only 56% of the young stars identified in their study

exhibit properties compatible with non-thermal radio

emission that can be detected with VLBI observations.

These sources constitute the starting point of our sample

for the GOBELINS project in the Taurus region.

The observations presented in this paper were ob-

tained with the Very Long Baseline Array (VLBA) near

the equinoxes of every year between 2012 August and

2017 April. The data were recorded in dual polarization

mode with a bandwidth of 256 MHz centered at ν = 5.0

or 8.4 GHz (C- and X-bands, respectively). We observed

with the X-band (ν = 8.4 GHz) during the first 3 years of

our observing program, and then switched to the C-band

(ν = 5.0 GHz) which reduced significantly the noise in

our observations. The VLBA was pointed at the posi-

tion of our targets that have been accommodated in 54

different fields. Table 1 lists the observed epochs, bands,

pointing positions and calibrators for each field. In some

of these fields two or more targets are observed simul-

taneously. We included additional phase centers within

the primary beam to observe other sources reported by

Dzib et al. (2015) independently of their nature (YSO

candidates, field stars or extragalactic sources) as part

of our observing strategy (see Ortiz-León et al. 2017,

for more details). Doing so, we observed a total of 87

sources (or stellar systems) during our observing cam-

paign of which 45 are known YSOs in the literature. As

shown in Fig. 1 our targets are spread over the various

molecular clouds of the Taurus star-forming region.

Our observations produced a number of 153 different

projects under the code BL175 (see Table 1). Each ob-

serving session consisted of cycles alternating between

the target(s) and the main phase calibrator. The sec-

ondary calibrators were observed every ∼50 minutes. In

addition, we also observed blocks of geodetic calibrators

over a wide range of elevations at the beginning and end

of each session. The typical integration time in each cy-

cle was ∼2 minutes for science targets and ∼1 minute

for calibrators. The total integration time for projects

that observed with the X-band and C-band were, respec-

tively, 1.1 hours and 1.5 hours. The calibrators used in

our observations are extragalactic sources and the posi-

tions of all sources in each project are referenced to the

corresponding primary calibrator.

The data were edited and calibrated using the Astro-

nomical Image Processing System (AIPS, Greisen 2003)

following the standard prescription for VLBA data as

described in Ortiz-León et al. (2017). We applied the

same calibration to all sources in the field when mul-

tiple targets were observed in the same session. The

calibrated visibilities were imaged with a pixel size of

50-100 µas and resulted in a typical angular resolution

of 3 mas × 1 mas at ν = 5.0 GHz and 2 mas × 0.8 mas

at ν = 8.4 GHz. The mean noise level in the calibrated

images were 26 µJy/beam and 42 µJy/beam, respec-

tively, at the C- and X-bands. Finally, the source posi-

tion (and the corresponding errors) were obtained from a

two-dimensional Gaussian fitting using the JMFIT task.

As mentioned before, we observed a total of 87 tar-

gets in Taurus for the GOBELINS project, but only 53

sources could be detected in our observations. Table 2

lists the sources that have been observed in our cam-

paign with the VLBA. We provide the minimum and

maximum flux density measured at both frequencies,

the brightness temperature TB , the number of detec-

tions and observations for each source. In some cases

we provide an upper flux density limit of 3σ (based on

the noise level of the image) when the source was ob-

served but could not be detected. For binaries and mul-

tiple systems that could be resolved in our observations

we present the results for each component separately.

We note that all sources in Table 2 exhibit a brightness

temperature of TB > 106 K which is consistent with

non-thermal radio emission. The remaining 34 sources

in our initial target list emit only thermal radiation, thus

they could not be detected with the VLBA. We consider

a single detection to be valid when the flux density of

the source is above a 5σ threshold where σ is the cor-

responding noise level of the image. Our effective sam-

ple of detected sources contains 26 stars that have been

confirmed as YSOs in previous studies, and another 4

sources that require further monitoring to investigate

their membership in the Taurus region. The remaining

23 sources that have been detected in our observations

are likely to be background contaminants that are not

related to the Taurus molecular clouds. As shown in

Fig. 2 their position change rate is consistent with zero

while the typical proper motion of YSOs in Taurus is

about 22 mas/yr (see e.g. Bertout & Genova 2006).

Some sources in our sample had been observed with

the VLBA in the past. Thus, we searched the National

Radio Astronomy Observatory’s (NRAO) data archive

for additional information on our targets. We collected

a total of 59 projects at different epochs that are listed
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Figure 1. Location of our targets in the Taurus star-forming complex overlaid on the extinction map from Dobashi et al.
(2005). The most prominent Lynds dark clouds (Lynds 1962) in this region are identified in this diagram.
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Figure 2. Histogram of the position change rate for all
sources observed in our campaign with a minimum of two
detections with the VLBA.

in Table 3. These observations were performed between

2004 March and 2007 December which allows us to ex-

tend the time base of our analysis to more than 10 years

of observations for some targets. This is particularly

useful to investigate the orbital motion of binaries and

multiple systems in our sample as discussed in the forth-

coming sections of this paper. Although the source po-

sitions obtained from these observations have already

been published in previous studies, we decided to down-

load and re-calibrate these data using the same pro-

cedure that was adopted for the GOBELINS project

to better combine both data sets. The typical noise

level and angular resolution that we obtain in the re-

calibrated images from archival data are, respectively,

100 µJy/beam and 2 mas × 0.8 mas.
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3. ASTROMETRY FITTING

3.1. Single Stars

The displacement of a single star in the plane of the

sky is the combination of its proper motion (µα, µδ) and

the trigonometric parallax (π). The stellar coordinates

as a function of time (t) are given by

α(t) = α0 + (µα cos δ)t+ πfα(t) , (1)

δ(t) = δ0 + µδt+ πfδ(t) , (2)

where (α0, δ0) are the coordinates of the star at a given

epoch (t0). The projections of the parallactic ellipse

(fα, fδ) are given by (see e.g. Seidelmann 1992)

fα = (X sinα− Y cosα)/ cos δ , (3)

fδ = X cosα sin δ + Y sinα sin δ − Z cos δ , (4)

where (X,Y, Z) are the barycentric coordinates of the

Earth (in units of A.U.) computed from the planetary

ephemerides DE405 using the novas package in Python.

3.2. Binaries

Binaries and multiple systems are very common in

Taurus (Duchêne 1999) and they are also present in

our sample. Since both stars in a binary system move

around their common centre of gravity, their orbital mo-

tion projected onto the plane of the sky has to be taken

into account to accurately determine the parallaxes and

proper motions of the individual components.

At this stage it is important to distinguish between (i)

binaries with orbital periods much longer than the mon-

itoring time of our observing campaign, and (ii) binaries

with short or intermediate periods where our observa-

tions cover a significant fraction of the orbital period.
In the first case, it is possible to assume an uniform

acceleration (see e.g. Loinard et al. 2007) leading to

α(t) = α0 + (µα cos δ)t+
1

2
(aα cos δ)t2 + πfα(t) , (5)

δ(t) = δ0 + µδt+
1

2
aδt

2 + πfδ(t) , (6)

where aα and aδ are the acceleration terms. In the sec-

ond case, the effects of the binary motion and the ex-

istence of a non-uniform acceleration need to be taken

into account. It is therefore necessary to fit for the full

orbital motion and the astrometric parameters simulta-

neously. The orbital elements to be considered in this

case are the semi-major axis a, the orbital period P , the

eccentricity e, the epoch of periastron passage Tp, the

argument of the ascending node Ω, the longitude of the

periastron ω and the inclination i of the orbital plane.

Thus, the equations for the primary component of the

system with semi-major axis a1 can be written in the

form

α(t) = α0 + (µα cos δ)t+ πfα(t) + a1Qα(t) , (7)

δ(t) = δ0 + µδt+ πfδ(t) + a1Qδ(t) , (8)

where Qα and Qδ are the orbital factors. They are given

by (see e.g. van de Kamp 1967)

Qα = B′x(t) +G′y(t) , (9)

Qδ = A′x(t) + F ′y(t) , (10)

where the orientation factors B′, A′, G′, F ′ are related

to the Thiele-Innes constants as follows

B′ = − cosω sin Ω − sinω cos Ω cos i , (11)

A′ = − cosω cos Ω + sinω sin Ω cos i , (12)

G′ = + sinω sin Ω − cosω cos Ω cos i , (13)

F ′ = + sinω cos Ω + cosω sin Ω cos i . (14)

The elliptical rectangular coordinates x(t) and y(t) are

given by

x(t) = cosE(t) − e , (15)

y(t) = sinE(t)
√

1 − e2 , (16)

where E(t) is the eccentric anomaly given by Kepler’s

transcendental equation. Similar equations hold for the

secondary component. In this case, we replace a1 by the

semi-major axis a2 of the secondary which is scaled by

the mass ratio q of the two components.

3.3. Solving the system of equations

The source positions obtained from the JMFIT task

in AIPS were used to derive the astrometric and orbital

parameters of the stars in our sample. However, it is

important to mention that the positional uncertainties

provided by JMFIT, which roughly represent the ex-

pected astrometric precision delivered by the VLBA, do

not include the various systematic errors that may sig-

nificantly affect the accuracy of the computed astromet-

ric parameters (see e.g. Pradel et al. 2006). To overcome

this problem, additional errors were added quadratically

to the positional errors given by JMFIT to adjust the

reduced χ2 value in the astrometric fit to unity (see also

Menten et al. 2007; Ortiz-León et al. 2017).

To solve for the astrometric and orbital elements of the

star (or stellar system) we developed our own routine

in Python programming language based on the emcee

package (Foreman-Mackey et al. 2013) which imple-

ments the Markov chain Monte Carlo (MCMC) method
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proposed by Goodman & Weare (2010). The algorithm

was adapted to our purposes and applied to the gen-

eral problem of computing the astrometric and orbital

parameters from the astrometry fitting. Briefly, the

method that we use in this work explores the parameter

space using a number of walkers and iteration steps to

solve the system of equations presented in Sects. 3.1 and

3.2 via Bayesian inference. The walkers move around

the n-dimensional parameter space1 and take tentative

steps towards the lowest value of χ2. Our result for each

parameter is obtained from the distribution of the indi-

vidual solutions given by the ensemble of walkers. We

run the MCMC method with a high number of walkers

(typically, 1000 walkers) to sample the distribution of

each parameter with a significant number of individual

solutions. Then, we take the mean and standard devi-

ation of the distribution of each parameter as our final

solution.

Our methodology based on the MCMC method was

first applied to the sources previously investigated by

our team in the Ophiuchus region (Ortiz-León et al.

2017) for calibration purposes. We varied the number of

iterations for each walker from 1 to 500 steps, and ver-

ified that convergence of the Markov-chains of the en-

semble of walkers is attained after 200 iterations steps

where the mean (and median) of the computed param-

eters are clearly bounded by the variance of the sample.

Thus, the solutions based on the MCMC method pre-

sented in this paper are calculated with 1000 walkers

and 200 iteration steps.

1 The value of n depends on the system of equations that is
being solved (see Sects. 3.1 and 3.2).

4. RESULTS

5. DISCUSSION
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Table 1. Observed fields in Taurus with the VLBA.

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

BL175C1 20-aug-2012 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175C2 30-aug-2012 X 04 31 25.13 18 16 16.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175C3 31-aug-2012 X 04 31 40.09 18 13 56.7 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175C4 10-sep-2012 X 04 32 14.58 18 20 14.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175C5 30-sep-2012 X 04 31 34.15 18 08 04.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 32 29.47 18 14 00.3

BL175C6 30-nov-2012 X 04 33 26.35 22 28 32.0 J0438+2153, J0450+2249, J0426+2350, J0431+1731

BL175C7 02-dec-2012 X 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175C8 03-dec-2012 X 04 35 20.91 22 54 24.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175C9 04-dec-2012 X 04 35 48.11 22 53 29.1 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175CA 07-dec-2012 X 04 35 58.97 22 38 35.2 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175CG 23-mar-2013 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175CH 25-mar-2013 X 04 31 25.13 18 16 16.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175CI 11-apr-2013 X 04 31 40.09 18 13 56.7 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175CJ 22-apr-2013 X 04 32 14.58 18 20 14.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

BL175CK 28-apr-2013 X 04 31 34.15 18 08 04.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 32 29.47 18 14 00.3

BL175CL 30-apr-2013 X 04 33 26.35 22 28 32.0 J0438+2153, J0450+2249, J0426+2350, J0431+1731

BL175CM 21-may-2013 X 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175CN 23-may-2013 X 04 35 20.91 22 54 24.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175CO 24-may-2013 X 04 35 48.11 22 53 29.1 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175CP 27-may-2013 X 04 35 58.97 22 38 35.2 J0438+2153, J0426+2327, J0435+2532, J0450+2249

BL175D0 30-may-2013 X 04 41 23.47 24 55 28.1 J0438+2153, J0435+2532, J0440+2728, J0450+2249

BL175CV 10-jun-2013 X 04 32 37.91 24 20 54.4 J0426+2327, J0435+2532, J0429+2724, J0438+2153

BL175D1 11-jun-2013 X 04 41 44.92 25 58 15.3 J0438+2153, J0435+2532, J0440+2728, J0450+2249

BL175CW 15-jun-2013 X 04 33 06.63 24 09 54.9 J0426+2327, J0435+2532, J0429+2724, J0438+2153

BL175CX 16-jun-2013 X 04 33 10.04 24 33 43.1 J0426+2327, J0435+2532, J0429+2724, J0438+2153

BL175CY 01-jul-2013 X 04 36 57.44 24 18 35.2 J0426+2327, J0435+2532, J0429+2724, J0438+2153

BL175CZ 04-jul-2013 X 04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0438+2153, J0426+2327

BL175D2 14-jul-2013 X 04 42 06.41 25 22 59.5 J0429+2724, J0435+2532, J0440+2728, J0450+2249

BL175Z0 01-aug-2013 X 04 42 10.59 25 25 05.5 J0429+2724, J0435+2532, J0440+2728, J0450+2249

BL175D4 19-aug-2013 X 04 42 46.20 25 18 06.2 J0429+2724, J0435+2532, J0440+2728, J0450+2249

BL175D5 03-sep-2013 X 04 43 08.05 25 22 10.3 J0429+2724, J0435+2532, J0440+2728, J0450+2249

BL175D6 16-sep-2013 X 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

BL175D7 25-sep-2013 X 04 25 17.48 26 17 48.3 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175D8 22-oct-2013 X 04 29 20.74 26 33 53.4 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175D9 23-oct-2013 X 04 29 22.26 26 37 28.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DA 26-oct-2013 X 04 29 29.49 26 31 52.8 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DB 27-oct-2013 X 04 29 42.48 26 32 48.9 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DC 28-oct-2013 X 04 30 02.25 26 08 43.5 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DD 29-oct-2013 X 04 31 14.45 27 10 17.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DE 30-oct-2013 X 04 31 48.73 25 40 21.8 J0429+2724, J0435+2532, J0433+2905, J0426+2350

BL175DF 06-nov-2013 X 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175DG 08-nov-2013 X 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DH 10-nov-2013 X 04 18 33.37 28 37 32.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DI 17-nov-2013 X 04 18 40.62 28 19 15.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DK 30-nov-2013 X 04 19 16.12 27 50 48.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DJ 01-dec-2013 X 04 18 47.03 28 20 07.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DL 04-dec-2013 X 04 19 26.27 28 26 14.0 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DM 07-dec-2013 X 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DN 08-dec-2013 X 04 22 02.20 26 57 30.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

BL175DO 10-dec-2013 X 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

BL175DP 13-dec-2013 X 04 13 43.75 28 20 55.9 J0408+3032, J0359+2758, J0403+2600, J0422+3058

BL175DQ 06-jan-2014 X 04 14 12.93 28 12 11.9 J0408+3032, J0359+2758, J0403+2600, J0422+3058

BL175DR 07-jan-2014 X 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

BL175DS 27-jan-2014 X 04 16 28.11 28 07 35.4 J0429+2724, J0408+3032, J0422+3058, J0403+2600

BL175DT 28-jan-2014 X 04 18 25.42 25 21 56.4 J0412+2305, J0426+2327, J0429+2724, J0403+2600

BL175DU 30-jan-2014 X 04 55 34.45 30 28 08.4 J0459+3106, J0503+3403, J0512+2927, J0439+3045

BL175DV 31-jan-2014 X 04 55 36.97 30 17 54.8 J0459+3106, J0503+3403, J0512+2927, J0439+3045

BL175DW 08-feb-2014 X 04 56 07.08 30 27 26.7 J0459+3106, J0503+3403, J0512+2927, J0439+3045

BL175H0 02-apr-2014 X 04 29 22.26 26 37 28.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 29.49 26 31 52.8

04 29 42.48 26 32 48.9

BL175H1 04-apr-2014 X 04 30 02.25 26 08 43.5 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 31 14.45 27 10 17.6

04 31 48.73 25 40 21.8

BL175H2 06-apr-2014 X 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 33.37 28 37 32.2

04 18 40.62 28 19 15.3

BL175H3 07-apr-2014 X 04 18 47.03 28 20 07.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

04 19 16.12 27 50 48.2

04 19 26.27 28 26 14.0

BL175H4 08-apr-2014 X 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 22 02.20 26 57 30.3

04 16 28.11 28 07 35.4

BL175H5 10-apr-2014 X 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 13 43.75 28 20 55.9

04 14 12.93 28 12 11.9

BL175H6 11-apr-2014 X 04 55 34.45 30 28 08.4 J0459+3106, J0503+3403, J0512+2927, J0439+3045

04 55 36.97 30 17 54.8

04 56 07.08 30 27 26.7

BL175H7 12-apr-2014 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175H8 13-apr-2014 X 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175H9 17-apr-2014 X 04 31 34.15 18 08 04.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 32 29.47 18 14 00.3

BL175HA 18-apr-2014 X 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 18 25.42 25 21 56.4 J0412+2305, J0426+2327, J0429+2724

BL175AD 31-aug-2014 X 04 32 37.91 24 20 54.4 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 06.63 24 09 54.9

04 33 10.04 24 33 43.1

BL175EU 07-sep-2014 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175AB 08-sep-2014 X 04 31 25.13 18 16 16.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 31 40.09 18 13 56.7

04 32 14.58 18 20 14.6

BL175AC 09-sep-2014 X 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 35 20.91 22 54 24.0

04 35 48.11 22 53 29.1

BL175CQ 13-sep-2014 X 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175AE 14-sep-2014 X 04 41 23.47 24 55 28.1 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 41 44.92 25 58 15.3

04 42 06.41 25 22 59.5

BL175AF 15-sep-2014 X 04 42 10.59 25 25 05.5 J0429+2724, J0435+2532, J0440+2728, J0450+2249

04 42 46.20 25 18 06.2

04 43 08.05 25 22 10.3

BL175AG 19-sep-2014 X 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 25 17.48 26 17 48.3

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

04 29 20.74 26 33 53.4

BL175AH 20-sep-2014 X 04 29 22.26 26 37 28.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 29.49 26 31 52.8

04 29 42.48 26 32 48.9

BL175AJ 22-oct-2014 X 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 33.37 28 37 32.2

04 18 40.62 28 19 15.3

BL175AI 24-oct-2014 X 04 30 02.25 26 08 43.5 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 31 14.45 27 10 17.6

04 31 48.73 25 40 21.8

BL175AK 25-oct-2014 X 04 18 47.03 28 20 07.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 19 16.12 27 50 48.2

04 19 26.27 28 26 14.0

BL175AL 20-mar-2015 X 04 31 25.13 18 16 16.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 31 40.09 18 13 56.7

04 32 14.58 18 20 14.6

BL175AM 21-mar-2015 X 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 35 20.91 22 54 24.0

04 35 48.11 22 53 29.1

BL175AN 23-mar-2015 X 04 32 37.91 24 20 54.4 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 06.63 24 09 54.9

04 33 10.04 24 33 43.1

BL175AO 28-mar-2015 X 04 41 23.47 24 55 28.1 J0438+2153, J0435+2532, J0440+2728, J0450+2249

04 41 44.92 25 58 15.3

04 42 06.41 25 22 59.5

BL175AP 29-mar-2015 X 04 42 10.59 25 25 05.5 J0429+2724, J0435+2532, J0440+2728, J0450+2249

04 42 46.20 25 18 06.2

04 43 08.05 25 22 10.3

BL175AY 30-mar-2015 X 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 25 17.48 26 17 48.3

04 29 20.74 26 33 53.4

BL175AZ 02-apr-2015 X 04 29 22.26 26 37 28.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 29.49 26 31 52.8

04 29 42.48 26 32 48.9

BL175DZ 07-apr-2015 X 04 18 47.03 28 20 07.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 19 16.12 27 50 48.2

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

04 19 26.27 28 26 14.0

BL175E6 09-apr-2015 X 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 22 02.20 26 57 30.3

04 16 28.11 28 07 35.4

BL175E8 10-apr-2015 X 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 13 43.75 28 20 55.9

04 14 12.93 28 12 11.9

BL175E9 13-apr-2015 X 04 55 34.45 30 28 08.4 J0459+3106, J0503+3403, J0512+2927, J0439+3045

04 55 36.97 30 17 54.8

04 56 07.08 30 27 26.7

BL175EA 14-apr-2015 X 04 31 34.15 18 08 04.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 32 29.47 18 14 00.3

BL175FN 17-apr-2015 X 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 33.37 28 37 32.2

04 18 40.62 28 19 15.3

BL175EC 19-apr-2015 X 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 18 25.42 25 21 56.4 J0412+2305, J0426+2327, J0429+2724

BL175ED 20-apr-2015 X 04 36 57.44 24 18 35.2 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 35 58.97 22 38 35.2

04 50 51.95 22 49 05.9

BL175FO 24-apr-2015 X 04 33 26.35 22 28 32.0 J0438+2153, J0450+2249, J0426+2350, J0431+1731

04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0426+2327

BL175EV 25-apr-2015 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175EW 26-apr-2015 X 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175GZ 04-sep-2015 X 04 31 25.13 18 16 16.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 31 40.09 18 13 56.7

04 32 14.58 18 20 14.6

BL175HC 11-sep-2015 X 04 32 37.91 24 20 54.4 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 06.63 24 09 54.9

04 33 10.04 24 33 43.1

BL175HD 12-sep-2015 X 04 41 23.47 24 55 28.1 J0438+2153, J0435+2532, J0440+2728, J0450+2249

04 41 44.92 25 58 15.3

04 42 06.41 25 22 59.5

BL175HE 18-sep-2015 X 04 42 10.59 25 25 05.5 J0429+2724, J0435+2532, J0440+2728, J0450+2249

04 42 46.20 25 18 06.2

04 43 08.05 25 22 10.3

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

BL175HF 20-sep-2015 X 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 25 17.48 26 17 48.3

04 29 20.74 26 33 53.4

BL175HB 16-oct-2015 X 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 35 20.91 22 54 24.0

04 35 48.11 22 53 29.1

BL175HG 27-sep-2015 X 04 29 22.26 26 37 28.6 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 29.49 26 31 52.8

04 29 42.48 26 32 48.9

BL175HH 29-sep-2015 X 04 30 02.25 26 08 43.5 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 31 14.45 27 10 17.6

04 31 48.73 25 40 21.8

BL175HJ 03-oct-2015 X 04 18 47.03 28 20 07.2 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 19 16.12 27 50 48.2

04 19 26.27 28 26 14.0

BL175HK 04-oct-2015 X 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 22 02.20 26 57 30.3

04 16 28.11 28 07 35.4

BL175HM 06-oct-2015 X 04 55 34.45 30 28 08.4 J0459+3106, J0503+3403, J0512+2927, J0439+3045

04 55 36.97 30 17 54.8

04 56 07.08 30 27 26.7

BL175HI 08-oct-2015 X 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 33.37 28 37 32.2

04 18 40.62 28 19 15.3

BL175HL 09-oct-2015 X 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 13 43.75 28 20 55.9

04 14 12.93 28 12 11.9

BL175HN 11-oct-2015 X 04 31 34.15 18 08 04.6 J0431+1731, J0428+1732, J0438+2153, J0440+1437

04 32 29.47 18 14 00.3

BL175HO 12-oct-2015 X 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 18 25.42 25 21 56.4 J0412+2305, J0426+2327, J0429+2724

BL175HP 13-oct-2015 X 04 36 57.44 24 18 35.2 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 35 58.97 22 38 35.2

04 50 51.95 22 49 05.9

BL175HQ 15-oct-2015 X 04 33 26.35 22 28 32.0 J0438+2153, J0450+2249, J0426+2350, J0431+1731

04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0426+2327

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

BL175HR 17-oct-2015 X 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175HS 20-oct-2015 X 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175I1 28-feb-2016 C 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 25 17.48 26 17 48.3

BL175I2 18-mar-2016 C 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 35 20.91 22 54 24.0

04 35 48.11 22 53 29.1

BL175I3 24-mar-2016 C 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 33.37 28 37 32.2

04 18 40.62 28 19 15.3

BL175I4 25-mar-2016 C 04 32 37.91 24 20 54.4 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 06.63 24 09 54.9

04 33 10.04 24 33 43.1

BL175I5 26-mar-2016 C 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 18 25.42 25 21 56.4 J0412+2305, J0426+2327, J0429+2724

BL175I6 31-mar-2016 C 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 22 02.20 26 57 30.3

04 16 28.11 28 07 35.4

BL175I7 03-apr-2016 C 04 29 26.75 26 30 47.8 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 42 10.59 25 25 05.5

BL175I8 04-apr-2016 C 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175I9 07-apr-2016 C 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175IC 14-apr-2016 C 04 41 44.92 25 58 15.3 J0438+2153, J0435+2532, J0440+2728, J0450+2249

04 42 06.41 25 22 59.5

BL175IE 29-apr-2016 C 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 14 12.93 28 12 11.9

BL175IF 01-may-2016 C 04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0438+2153, J0426+2327

04 31 40.09 18 13 56.7 J0431+1731, J0428+1732, J0440+1437

BL175IU 03-sep-2016 C 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 14 12.93 28 12 11.9

BL175IX 08-sep-2016 C 04 35 13.27 22 59 20.0 J0438+2153, J0426+2327, J0435+2532, J0450+2249

04 35 20.91 22 54 24.0

04 35 48.11 22 53 29.1

BL175IV 14-sep-2016 C 04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0438+2153, J0426+2327

04 31 40.09 18 13 56.7 J0431+1731, J0428+1732, J0440+1437

BL175IY 22-sep-2016 C 04 19 41.28 27 49 47.9 J0429+2724, J0422+3058, J0408+3032, J0403+2600

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

04 22 02.20 26 57 30.3

04 16 28.11 28 07 35.4

BL175J2 23-sep-2016 C 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 40.62 28 19 15.3

BL175J3 25-sep-2016 C 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 22.26 26 37 28.6

BL175J4 29-sep-2016 C 04 33 06.63 24 09 54.9 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 10.04 24 33 43.1

BL175IW 08-oct-2016 C 04 41 44.92 25 58 15.3 J0438+2153, J0435+2532, J0440+2728, J0450+2249

04 42 06.41 25 22 59.5

BL175J0 10-oct-2016 C 04 22 02.20 19 33 27.0 J0412+1856, J0428+1732, J0426+2327, J0412+2305

BL175J1 11-oct-2016 C 04 15 15.92 29 12 44.6 J0408+3032, J0429+2724, J0359+2758, J0422+3058

BL175IZ 13-oct-2016 C 04 29 26.75 26 30 47.8 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 42 10.59 25 25 05.5

BL175J5 14-oct-2016 C 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 55 36.97 30 17 54.8 J0459+3106, J0503+3403, J0512+2927, J0439+3045

BL175JU 05-mar-2017 C 04 33 06.63 24 09 54.9 J0426+2327, J0435+2532, J0429+2724, J0438+2153

04 33 10.04 24 33 43.1

BL175JO 10-mar-2017 C 04 13 27.23 28 16 24.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 14 12.93 28 12 11.9

BL175JW 14-mar-2017 C 04 35 20.91 22 54 24.0 J0438+2153, J0435+2532, J0440+2728, J0450+2249

04 42 06.41 25 22 59.5

BL175JQ 15-mar-2017 C 04 16 28.11 28 07 35.4 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 19 41.28 27 49 47.9

BL175JS 18-mar-2017 C 04 18 30.10 28 26 47.3 J0429+2724, J0422+3058, J0408+3032, J0403+2600

04 18 40.62 28 19 15.3

BL175JP 26-mar-2017 C 04 34 39.24 25 01 00.8 J0435+2532, J0429+2724, J0438+2153, J0426+2327

04 31 40.09 18 13 56.7 J0431+1731, J0428+1732, J0440+1437

BL175JV 11-apr-2017 C 04 14 48.00 27 52 34.4 J0408+3032, J0359+2758, J0403+2600, J0422+3058

04 55 36.97 30 17 54.8 J0459+3106, J0503+3403, J0512+2927, J0439+3045

BL175JT 13-apr-2017 C 04 24 48.59 26 43 13.0 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 29 22.26 26 37 28.6

BL175JY 14-apr-2017 C 04 29 42.48 26 32 48.9 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 42 10.59 25 25 05.5

BL175JZ 21-apr-2017 C 04 24 49.03 26 43 10.1 J0429+2724, J0435+2532, J0433+2905, J0426+2350

04 31 13.00 27 08 34.9

Table 1 continued
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Table 1 (continued)

Project Code Date Band α δ Calibrators

(h:m:s) (◦ ′ ′′)

BL175JX 24-apr-2017 C 04 35 48.11 22 53 29.1 J0438+2153, J0426+2327, J0435+2532, J0450+2249

Note—We provide for each field the NRAO project code, epoch of observation, observed band, coordinates of the field center
and the calibrators (the main calibrator is the first source in the list).
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Table 3. VLBA data in Taurus from the NRAO archive.

Project Code Date Source Calibrators a

BM198A 11-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198B 12-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198C 13-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198D 14-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198E 15-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198F 16-mar-2004 V773Tau A J0403+2600, J0408+3032

BM198G 17-mar-2004 V773Tau A J0403+2600, J0408+3032

BL128AA 08-sep-2005 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL128AB 15-nov-2005 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL128AC 21-jan-2006 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL128AD 01-apr-2006 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL128AE 12-jun-2006 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL128AF 05-sep-2006 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146B 23-aug-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146C 29-aug-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146D 05-sep-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146E 11-sep-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146F 16-sep-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146G 21-sep-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146H 27-sep-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146I 03-oct-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146J 09-oct-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146K 17-oct-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146L 23-oct-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146M 27-oct-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL146N 17-nov-2007 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BM306 27-sep-2009 V773Tau A J0408+3032, J0403+2600, J0429+2724, J0356+2903

BL124BA 19-sep-2004 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124BB 04-jan-2005 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124BC 25-mar-2005 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124BD 04-jul-2005 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL136AA 18-sep-2005 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL136AB 28-dec-2005 V1023Tau J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124CA 22-sep-2004 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124CB 06-jan-2005 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL124CC 30-mar-2005 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

Table 3 continued
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Table 3 (continued)

Project Code Date Source Calibrators a

BL124CD 23-jun-2005 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL136BA 23-sep-2005 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL136BB 24-dec-2005 HDE 283572 J0429+2724, J0433+2905, J0408+3032, J0403+2600

BL128BA 07-sep-2005 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL128BB 16-nov-2005 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL128BC 23-jan-2006 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL128BD 31-mar-2006 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL128BE 10-jun-2006 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL128BF 08-sep-2006 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BT093AB 03-sep-2007 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BT093AC 04-dec-2007 HPTauG2 J0426+2327, J0435+2532, J0449+1754

BL118A 24-sep-2003 TTau J0428+1732, J0431+1731

BL118B 18-nov-2003 TTau J0428+1732, J0431+1731

BL118C 15-jan-2004 TTau J0428+1732, J0431+1731

BL118D 26-mar-2004 TTau J0428+1732, J0431+1731

BL118E 13-may-2004 TTau J0428+1732, J0431+1731

BL118F 08-jul-2004 TTau J0428+1732, J0431+1731

BL124AA 16-sep-2004 TTau J0428+1732, J0426+2327, J0412+1856

BL124AB 09-nov-2004 TTau J0428+1732, J0426+2327, J0412+1856

BL124AC 28-dec-2004 TTau J0428+1732, J0426+2327, J0412+1856

BL124AD 23-feb-2005 TTau J0428+1732, J0426+2327, J0412+1856

BL124AE 09-may-2005 TTau J0428+1732, J0426+2327, J0412+1856

BL124AF 08-jul-2005 TTau J0428+1732, J0426+2327, J0412+1856

a The main calibrator is the first source in the list.
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