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ABSTRACT

Bright-rimmed clouds (BRCs) are ideal candidates to study radiation-driven implosion mode of star formation as they are
potential sites of triggered star formation, located at the edges of HII regions, showing evidence of ongoing star formation
processes. BRC 18 is located towards the eastern edge of relatively closer (~400 pc) HII region excited by A Ori. We made
R-band polarimetric observations of 17 candidate young stellar objects (YSOs) located towards BRC 18 to investigate any
preferred orientation of the discs with respect to the ambient magnetic field and the direction of energetic photons from A Ori.
We found that the discs are oriented randomly with respect to the projected magnetic field. Using distances and proper motions
from the Gaia EDR3 of the candidate YSOs, we investigated the possible acceleration of BRC 18, away from A Ori due to the
well known “Rocket Effect”, by assuming that both the candidate YSOs and BRC 18 are kinematically coupled. The relative
proper motions of the candidate YSOs are found to show a trend of moving away from A Ori. We computed the offset between
the angle of the direction of the ionization front and the relative proper motion of the candidate YSOs and found it to lie close
to being parallel to each other. Additionally, we found 12 sources that are comoving with the known candidate YSOs towards
BRC 18. These comoving sources are most likely to be young and are missed in previous surveys conducted to identify potential
YSOs of the region.
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1 INTRODUCTION transient phase (Bertoldi 1989; Lefloch & Lazareft 1994) and the
cometary phase (Bertoldi & McKee 1990; Lefloch & Lazareff 1994).
The collapse phase, which lasts for ~ 10° yr, begins when an ioniza-
tion front preceded by a shock wave propagates through the cloud,
causing it to compress on its axis and forming a high-density core,
which eventually could be the potential site for triggered star forma-
tion. At the ionization front, the material gets ionized and escapes
towards the ionizing source, causing a photo-evaporation flow. The
escaping material has an equal and opposite reaction on the cloud,
causing it to accelerate away from the ionizing star, similar to a jet
emitted from a rocket. This phenomenon, called the “Rocket Effect”,
was proposed by Oort (1954). In the cometary phase, the cloud en-
ters into a quasi-equilibrium state, continues to accelerate away from
the ionizing source, and may eventually get photo-evaporated com-
pletely. Typically, a B2 star can push a cloud with a speed of ~ 19 km
s~ !, which eventually goes down to a final speed of 3 —4 km s~ ! for

The effect of stellar feedback on parameters such as star formation
rates, efficiency, and the initial mass function is one of the main
focuses of the study of star formation and galaxy evolution. The
stellar feedback is considered as positive when it triggers collapse
and initiates star formation in otherwise stable molecular condensa-
tions and as negative when it hinders star formation by dispersing
material, which otherwise would have formed stars. Massive OB
stars emit a copious amount of ionizing radiation, which quickly
ionizes and heats the surrounding medium. The ionizing heating
of the massive OB stars-facing side of pre-existing density struc-
tures drives high-pressure waves into them, leading to their compres-
sion and subsequent star formation. This mechanism of radiation-
triggered star formation is called radiation-driven implosion (RDI;
Bertoldi 1989; Bertoldi & McKee 1990; Lefloch & Lazareff 1994;

Miao et al. 2009; Haworth et al. 2012). The consequent clouds are
called bright-rimmed clouds (BRCs; Sugitani et al. 1991; Sugitani
& Ogura 1994), which are usually found to be located at the edges
of HII regions, having a bright rim facing the ionizing source/s and
often followed by an extended structure on the opposite side.

In the RDI mode, the evolution of a dense (optically thick) clump
being photo-ionized proceeds in two phases - the collapse and
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a typical cloud having mass of 100 M, (Kahn 1954). The time (t)
at which the star formation starts and the fraction of the cloud ma-
terial that gets converted into stars critically depends on the amount
of incident ionizing flux (Bisbas et al. 2011). For a typical value
of the incident ionizing flux, 10° cm~2s~! (Thompson et al. 2004;
Morgan et al. 2004), the t, is ~ 107 yr. Therefore, if the star forma-
tion is triggered in BRCs, the young stellar objects (YSOs) that are
formed inside the accelerating cloud should share a similar motion
and hence would also move approximately radially away from the



2 Piyali Saha et al.

ionizing star or stars, which is or are responsible for the triggering
(Dale et al. 2015).

Based on their association with IRAS (Infrared Astronomical
Satellite) sources, a total of 89 BRCs (44 in the northern hemi-
sphere and 45 in the southern hemisphere) were cataloged by Sugi-
tani et al. (1991) and Sugitani & Ogura (1994). Signposts of recent
and ongoing star formation, e.g., Ho emitting stars, Herbig-Haro ob-
jects, IRAS point sources, molecular outflows, etc., have been noted
in BRCs (e.g., Table 1 of Elmegreen 1998). BRCs are, thus, po-
tential sites of radiation-triggered star formation (e.g., Elmegreen
2011). Subsequent studies of BRCs revealed the presence of small
aggregates or clusters of YSOs, with the older sources lying closer
to the ionizing source and the younger ones lying closer to the /RAS
source located inside the BRCs. This led to the hypothesis of “small-
scale sequential star formation" (SSSSF; Sugitani et al. 1995; Mat-
suyanagi et al. 2006; Getman et al. 2007; Ikeda et al. 2008; Chauhan
et al. 2009; Getman et al. 2009; Choudhury et al. 2010).

Magnetic fields are believed to play a significant role in the evo-
lution of molecular clouds as well as in regulating the star formation
in them (e.g., Crutcher 1999; Chen & Ostriker 2014; Hennebelle &
Inutsuka 2019). Stars are born as a consequence of the gravitational
contraction of molecular cores. During this process, gravity affects
neutral species of the cloud while ions are attached to the magnetic
field. In a system of clouds with straight magnetic field lines, Galli
& Shu (1993b) showed that the major axis of the pseudo-disc is ori-
ented perpendicular to the magnetic field lines, which is expected
if the gravitational collapse happens preferentially along the field
lines. Therefore, the orientation of YSOs with circumstellar discs
can provide information on the impact of the magnetic field during
the gravitational collapse. The circumstellar discs are expected to
be aligned with their symmetry axis almost parallel to the cloud’s
magnetic field (Galli & Shu 1993a). Now, if the collapse is not sig-
nificantly affected by the magnetic field, the orientation of the cir-
cumstellar discs could be random (Ménard & Duchéne 2004).

The presence of circumstellar material around YSOs associated
with the BRCs has been established by the observations of strong
infrared (IR) excess (e.g. Ikeda et al. 2008; Rebull et al. 2013; Pan-
war et al. 2014; Sharma et al. 2016) and emission line features (e.g.
Ogura et al. 2002; Ikeda et al. 2008; Hosoya et al. 2020). The dust
grains and electrons present in these flattened discs scatter the light
off from the central source and hence, are mainly responsible for the
polarized light measured in them (Strom 1977; Elsasser & Staude
1978; Bastien & Landstreet 1979; Bastien 1982, 1985; Sato 1988).
The degree of polarization depends on the number of dust grains,
also on the degree of flatness of the disc and its alignment with re-
spect to the line of sight. For an optically thin disc, if linear polariza-
tion is made by single scattering, the position angle of the polarized
light is oriented perpendicular to the disc, while in case of an opti-
cally thick disc, where the polarization is processed by the scatter-
ing dust grains oriented perpendicular to the disc, the position angle
is aligned parallel to the disc plane (e.g. Brown & McLean 1977;
Elsasser & Staude 1978). Therefore, polarimetry can be used as a
tool to obtain the geometrical structure of the circumstellar material
around the YSOs (Ménard 2005).

In this paper, we present the results of our R-band polarimetric
measurements of 17 candidate YSOs identified in the direction of
BRC 18 to infer their projected disc orientations. We intend to in-
vestigate the impact of the cloud’s magnetic field as well as the im-
pact of energetic radiation from the ionizing source, A Ori, on the
orientation of the circumstellar discs around the candidate YSOs as-
sociated with the cloud. We selected BRC 18 because it is one of
the closest BRCs to the Sun (~ 400 pc, using Gaia data release 2
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(DR2); Kounkel et al. 2018) and because of the knowledge of the
cloud’s magnetic field inferred from the R-band polarization mea-
surements of the stars lying behind it (Neha et al. under preparation;
hereafter, Neha et al.).

The distance and the proper motion values obtained from the
Gaia early data release 3 (EDR3) (Gaia Collaboration et al. 2020)
are utilized to establish the association of the candidate YSOs with
BRC 18. Based on optical photometry and multiobject spectroscopy,
Dolan & Mathieu (2001) made a detailed study towards A Ori Hil
region, where BRC 18 is located at the eastern edge. Using wide-
field near-IR imaging observations, Hayashi et al. (2012) identified
a few candidate YSOs towards multiple BRCs, including BRC 18.
Koenig et al. (2015) conducted optical spectroscopic observations of
a number of candidate YSOs identified based on the WISE (Wide-
field Infrared Survey Explorer) data in the A Ori HII region. Kounkel
et al. (2018) used spectroscopic and astrometric data from APOGEE
(Apache Point Observatory Galactic Evolution Experiment)-2 and
Gaia DR2, respectively, to develop six-dimensional structures to-
wards the A Ori HII region, and identified distinct groups of YSOs
through a hierarchical clustering algorithm. We also obtained a num-
ber of pre-main-sequence (PMS) stars from Zari et al. (2018), who
made a 3-dimension (D) mapping of young stars in the solar neigh-
bourhood using the Gaia DR2 measurements. Recently, Hosoya
et al. (2020) identified Ho emitting sources in 14 BRCs based on
slitless optical spectroscopy, including BRC 18.

If these candidate YSOs are all formed as a result of triggering,
and their motions are affected by the cloud’s Rocket Effect, then they
should be moving away from the exciting star, A Ori. In this work,
we present results of the projected motion of the candidate YSOs
associated with BRC 18 in order to investigate the possible ongoing
Rocket Effect.

We organize the paper in the following manner. We provide de-
scription of the observational and archival data used in the paper in
section 2, preliminary results and relevant discussions are presented
in section 3, respectively. Finally, we conclude the work with a sum-
mary of the results in section 4.

2 OBSERVATION, ARCHIVAL DATA, AND DATA
ANALYSIS

2.1 R-band polarimetric data
2.1.1 Instrumental setup and observing conditions

We acquired optical R-band (A, sy = 0.760 um) polarimetric data of
17 candidate YSOs using ARIES Imaging POLarimeter (AIMPOL;
Rautela et al. 2004) attached with 1.04 m Sampurnanand Telescope,
ARIES, Nainital, India. For observations, the central 325 x 325
pixel? area of a 1024 x 1024 pixel? charge-coupled device (CCD)
chip (Tektronix TK1024) was used. The plate scale of the CCD is
1.48" pixel™!, and the field of view is ~ 8'. The read-out noise and
the gain of this CCD are 7.0 e~ ! and 11.98 e ! per Analog to Digital
Unit, respectively. We observed 11 of the brightest (V<15) sources
from the 32 targets listed as BRC 18 members in Dolan & Mathieu
(2001). These were supplemented with 6 additional targets found
recently by Neha et al. whilst mapping the magnetic field geometry
of BRC 18. The observations were taken over 8 nights in October
and November 2016, as detailed in Table 1, where the six Novem-
ber observations were on consecutive nights starting on November
22. Typical air-mass and seeing during observations were < 1.4 and
< 2", respectively.



Table 1. Log of R-band polarimetric observations in the year of 2016.

Month (Date)  Heliocentric Julian Date

October 26 2457688.2964
October 28 2457690.2963
November 22 2457715.2945
November 23 2457716.2944
November 24 2457717.2943
November 25 2457718.2942
November 26 2457719.2941
November 27 2457720.2940

2.1.2 Measuring polarization parameters

The observed stellar image profile has a full width at half maxi-
mum (FWHM) ~ 2 — 3 pixels. Only linear polarization can be ob-
tained from AIMPOL, which contains a half-wave plate (HWP, act-
ing as a modulator) and a Wollaston prism (acting as a beam split-
ter). This setup produces pairs of ordinary (/,) and extraordinary
(I,) images of each target star on the CCD frame. During observa-
tions, the HWP is rotated at four positions, i.e. 0°, 22.5°, 45°, and
67.5° to get four normalized Stokes parameters, which are q[R(0°)],
u[R(22.5°)], q1[R(45°)] and u;[R(67.5°)], respectively. The errors
in the normalized Stokes parameters were estimated following the
relations provided by Ramaprakash et al. (1998).
The ratio R(a) is expressed as following:

R(a) = 7~—+—— = Pcos (20 —4a.), (1)

where P is the fraction of total linearly polarized light and 0 is the
polarization angle. o is the angle of the fast axis of the HWP at four
positions, 0°, 22.5°, 45°, and 67.5° corresponding to four normal-
ized Stokes parameters, q[R(0°)], u[R(22.5°)], q; [R(45°)], and u;
[R(67.5°)], respectively. P and © can be estimated from +/q? + u?
and 0.5 tan—! (u/q), respectively. By convention, 0 is 0° towards the
north celestial pole and increases towards the east. The uncertain-
ties in normalized Stokes parameters AR (o) (Aq, Au, Aqy, and Auy)
were computed using the expression below:

Ve +Ig+2]b

AR(@) =0T,

; )
where I;,[:%] is the average background count surrounding the
1, and I, pairs of the observed sources. The uncertainties in P% and
0 are computed using the equations below:

1 1
AP= 5/ PAP +uPAu?, A= 757 X @A +u?Ag? rad.

3

Though the Stokes parameters Q and U can show both positive and
negative values, the polarization P estimated from these parameters
is always positive. Therefore, P always has a positive bias, especially
in case of the sources with low signal-to-noise ratio. In order to re-
move this bias, we computed the debiased P% using P= /P2 — AP2,
where AP is the error in P% (Wardle & Kronberg 1974; Vaillancourt
2006).

After bias subtraction and flat-field correction, following the for-
mula given by Ramaprakash et al. (1998), we aligned and combined
the multiple observed frames. The pair of I, and I, images of the
individual star was selected using a program written in the Python
language. Photometry of the selected pairs was performed using the
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Image Reduction and Analysis Facility (IRAF) DAOPHOT pack-
age to estimate the degrees of polarization (P%) and position angle
(0) of each target. The details of AIMPOL and steps of the data re-
duction procedure are given in Eswaraiah et al. (2011, 2012); Neha
et al. (2016, 2018); Soam et al. (2013, 2015, 2017). The instru-
mental polarization from the polarization measurements was elim-
inated by observing some unpolarized standard stars from Schmidt
et al. (1992). In order to estimate the reference direction of the HWP
during the observing runs, we observed six polarized standard stars
(HD 236633, HD 15445, BD+59°389, HD 204827, HD 19820, HD
25443) from the list provided by Schmidt et al. (1992). The mea-
surements were used to estimate the zero-point offset with respect
to the north, which was used to correct the position angles of the
targets.

2.2 Archival Data

Gaia EDR3 (Gaia Collaboration et al. 2020) provides astrometric
measurements of 1.8 billion objects with unprecedented precision,
brighter than G-band magnitude of 21. We obtained distance (d) and
proper motions in right ascension (uqx) and declination (ug) from
Bailer-Jones et al. (2021) and the Gaia EDR3 database (Gaia Col-
laboration et al. 2020), respectively, by making a search around each
source within a search radius of 1”. The initial criteria for inclusion
of the sources were that d /Ad, pg./Attox, and ug/Aug all must be
2> 3, where A represents the measurement uncertainties of the re-
spective parameters. Then we included only those sources for which
renormalized unit weight error (RUWE) < 1.4 (Lindegren 2018),
indicating their reliable astrometric measurements. The candidate
YSOs selected in our analysis have typical precision in d, pigx, and
us are 2.0%, 2.4%, and 1.4%, respectively.

We obtained Pan-STARRS (Panoramic Survey Telescope and
Rapid Response System) g and WISE W1 counterparts of the can-
didate YSOs from Chambers et al. (2016) and Wright et al. (2010),
by giving a search radius of 1" and 3", respectively. In order to find
the IR excess of the young sources, we acquired their 2MASS (Two
Micron All Sky Survey) counterparts from Skrutskie et al. (2006),
by giving a search radius of 1”.

3 RESULTS AND DISCUSSIONS
3.1 Polarization of the candidate YSOs

The polarimetric observations presented in this study were carried
out before the data from the Gaia were available (Table 1). Here,
the latest Gaia EDR3 measurements have been used subsequently
to combine the astrometric properties of the candidate YSOs along
with their R-band polarimetric results. The polarimetric measure-
ments and Gaia astrometric and photometric results of the sources
are provided in Table 2. The candidate YSOs listed in the upper sec-
tion of Table 2 are having reliable counterparts in Gaia EDR3. The
observed sources listed in the lower section of Table 2 do not have
any reliable counterpart in Gaia EDR3. The RUWE of these sources
are higher than 1.4, indicating that their astrometric measurements
might be unreliable. Therefore, we separated out this group of ob-
served candidate YSOs. The P% values range from 0.4 to 4.1. How-
ever, in terms of estimated P% and O values, there is no noticeable
difference between the sources having reliable and unreliable coun-
terparts in Gaia EDR3.

3.1.1 Finding candidate YSOs as BRC 18 members with Gaia
EDR3

MNRAS 000, 1-12 (2021)
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Table 2. Results of R-band polarization measurements of the observed candidate YSOs towards BRC 18 along with the astrometric and photometric properties obtained from Gaia EDR3.

Serial Source ID RA* Dec* ARAY ADec’ P+AP 0-£A0 d+Ad Hos Ao us+Aus RUWE G+AG* Gpp+AGpp* Grp+AGrpt
No. (Gaia EDR3) ©) ©) ) Q) (%) ©) (po) (mas yr~") (mas yr~!) (mag) (mag) (mag)
1 2) 3) ) (5) (6) @] 8) (©)] (10) (11) (12) (13) (14) (15)
Sources having reliable counterparts in Gaia EDR3
1 3336149519712868736  85.837176  9.101955  7287.9  -2995.9  0.4+0.2 17749 4024 4 2.14540.021  -2.66540.015 1.376 12.58140.012  13.343£0.043  11.691:£0.030
2 3336159071720837120  86.008674  9.260364 78950  -2425.6 23403 95+3 387% 5 225740031 -2.48240.022 1.012 15.07440.004  16.394-0.014  13.931:£0.008
3 3336107772631258624 86.030253 9.110574 7973.3 -2964.9 0.6+0.2 176+7 393{3 1.661£0.031 -2.703+0.018 1.381 13.694+0.004 14.458+0.012 12.79440.008
4 3336109563633776896  86.044381 9212530 80223  -2597.8 07402 182410 3963, 259540.019  -2.488+0.012 1.094 13.79840.003  14.499+0.004  12.985:0.004
5 3336104581471997440  86.080668  9.089784  8152.6  -3039.7  0.7£0.4  147+11 3835 270240.044  -2.640+0.027 1.059 15.46140.003  16.818+0.006  14.313+0.004
6 3336108361043206912  86.091194  9.147915  8189.2  -2830.4  1.6+03 67+6 3934, 225040.028  -2.483+0.018 1122 14.51340.003  15.707+0.008  13.389-£0.008
7 3336105028148587904  86.108237  9.116840  8250.1  -29423 07402  179+10 3973, 257140018  -2.72040.011 1.057 13.64540.008  14.488-0.026  12.710+£0.023
8 3336204155993987200 86.220057 9.218111 8645.8 -2571.7 2.4+0.2 83+4 391472 1.909+0.022 -2.3214+0.014 1.153 14.141+£0.005 14.968+0.014 13.230+0.013
9 3336093513339795200  86.267100  9.081243  8814.6  -3070.5  1.0+0.3 128+7 3946 232340038 -2.85940.022 0.960 15.17840.004  16.482+0.011  14.040-£0.009
Sources having unreliable counterparts in Gaia EDR3
10 3336149455290092672  85.846768  9.092230  7322.1  -3030.9  0.440.2 14046 39846, 152240163 -1.206+0.134 6.156 13.39540.019  13.63240.051  11.913+0.040
11 3336149489649827840  85.853067  9.102319 73443 -2994.6  0.440.2 15549 4138 0.809+0.043  -2.220+0.034 2772 12.77040.003  13.482+0.005  11.947-£0.005
12 3336109116957457792 86.037486 9.154068 7998.5 -2808.3 1.3+0.4 176£11 396373 1.814+0.028 -2.168+0.016 1.574 13.299+0.023 14.117+0.082 12.42240.058
13 3336109288756140416 86.072310 9.183034 8121.8 -2704.0 0.84+0.2 13714 541 17722 2.018-+0.080 -3.841+0.050 3.196 13.621+£0.007 14.320+0.023 12.466+0.013
14 3336111002446797184  86.080096  9.209678  8149.1  -2608.1 07402  175%10  374% 1.93740.043  -2.107+0.027 2285 14.006£0.005  15.14740.018  12.932+0.011
15 3336110727568247552  86.096725  9.201062 82082  -2639.1  4.1+0.1 18+6 3922, 2.980+0.024  -2.365+0.015 1.453 11.75740.003  12.3154£0.005  11.034:£0.005
16 3336253530937700736  86.186075  9.388527  8523.1  -19642  0.6+0.2 1648 327%,, 022240140 1.2520.130 3.682 14.42640.013  14.899+0.035  12.969-0.022
17 3336093826873858304  86.339785  9.095995  9072.5  -3017.4 13404 111+6 3687 1.306+0.068  -2.723+0.044 1.932 15.33640.003  16.926:0.006  14.093:£0.005

* RA and Dec of the sources are in J2016 epoch obtained from Gaia EDR3. T Angular distance of the sources in RA and Dec from A Ori. ¥ G, Ggp, and Grp magnitudes obtained from Gaia EDR3, presented upto 3

decimal places.
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The ionizing source, A Ori is believed to be responsible for the
bright rim seen towards BRC 18 (Sugitani et al. 1991). We adopted
a distance and an age of ~400 pc and ~ 5 Myr, respectively, for
the A Ori cluster (Kounkel et al. 2018) and a typical isothermal
sound speed in HiI region of 11.4 km s~! (Bertoldi 1989; Bertoldi
& McKee 1990) to estimate the time to reach the bright rim of BRC
18, which is 1.5 Myr. If the candidate YSOs associated with BRC
18 are all formed as a result of triggering due to the RDI caused
by A Ori, then they are expected to have an age of approximately
~ 5—1.5=3.5 Myr. This age is consistent with the average age of
the candidate YSOs distributed in the direction of BRC 18 estimated
by Kounkel et al. (2018) within the uncertainty. Then, assuming a
typical velocity dispersion of ~1 km s~! for the YSOs (Luhman
et al. 2009; Wilking et al. 2015), within 3.5 Myr the maximum ex-
tent to which the YSOs could move from their place of birth is ap-
proximately 0.5°, considering the same distance (400 pc). Therefore,
all the sources located within a circular area of radius 0.5° centered
around the /RAS source (IRAS 05417+0907) are considered as a part
of BRC 18.

3.1.2 Kinematics of the candidate YSOs in BRC 18

We found a total of 93 candidate YSOs within a circular region of
radius 0.5° centered around the /RAS source in BRC 18 (Dolan &
Mathieu 2001; Hayashi et al. 2012; Koenig et al. 2015; Kounkel
et al. 2018; Zari et al. 2018; Hosoya et al. 2020). Of the 93, we
obtained the Gaia data for 53 sources after applying all the criteria
listed in section 2.2. In Fig. 1 (a) and (c), we show the ug, and ug
of the sources as a function of their distances (d), respectively, using
filled circles in yellow. The enlarged views of Fig. 1 (a) and (c) are
presented in (b) and (d), respectively. The variance and the standard
deviation that are commonly used in measuring the spread in a data
set are more affected by the extreme (high and low) values. Hence,
here we used median absolute deviation (MAD) to estimate the sta-
tistical dispersion in our data sets. The median values of d, g, and
us are 394 pc, 2.170, and -2.482 mas yr— !, respectively with corre-
sponding MAD values as 10 pc, 0.455, and 0.159 mas yr—!, respec-
tively. We selected the sources lying within 5 x MAD with respect to
the median values of the distance and the proper motions as sources
that are associated with BRC 18. Choice of 5 x MAD was made
based on the fact that the majority of the sources are lying within
this extent. Also, the 5 x MAD boundary is roughly equivalent to a
30 limit, since 16 = 1.48 x MAD. A total of 43 sources satisfy this
condition, and the remaining 10 are considered as outliers (shown in
Fig. 1 (a) and (c) using open circles). Table A1 lists the astrometric
properties of the 34 candidate YSOs, while the nine polarimetrically
observed sources having reliable Gaia EDR3 counterparts are pre-
sented in Table 2. We recomputed the median and the MAD values
for the 43 sources after eliminating the outliers to get the final astro-
metric results of the candidate YSOs in BRC 18. The new median
values for d, uo., and ug are 394 pc, 2.189, and -2.482 mas yrfl,
respectively. The MAD values of the same are estimated as 7 pc,
0.382, and 0.114 mas yr—!, respectively.

3.1.3 Details of polarization results of candidate YSOs in BRC 18

We made R-band polarization measurements of 17 candidate YSOs.
Out of the 17, nine sources, which have reliable detections in Gaia
EDR3, are identified using filled circles in red, in Fig. 1 (a) to (d).
The measured polarization values have contributions from the dust
grains located within the pencil beam along the line of sight of the
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stars, which could be the foreground, located in the cloud, and in
the circumstellar material. As the cloud is located at ~400 pc away
from the Sun, it is important to remove the contribution of the fore-
ground material from the measured polarization values. For this, six
foreground stars (HD 38527, HD 39007, HD 37408, HD 37355,
HD 38096, and HD 37522), located within a circle of radius 2°
centered around IRAS 05417+0907 were selected. The distances of
these sources range from ~ 94 — 334 pc (Bailer-Jones et al. 2021).
In Fig. 2, the P% versus distance and the 0 versus distance plots for
the six foreground sources are shown using open circles. The mean
values of the P% and 6 for these six stars are 0.2% and 117°, re-
spectively, with corresponding standard deviations as 0.1% and 28°,
respectively. The foreground contribution to the measured polariza-
tion was subtracted vectorially. No significant change was noticed as
expected since the foreground polarization is found to be very low.

In Fig. 2 (a) and (b), we show the foreground corrected P% and
0 as a function of distances of the 64 sources, which are obtained
from Bailer-Jones et al. (2021), using filled circles in black. We ob-
tained distance measurements of 146 sources, which were observed
by Neha et al. in polarimetric mode and in Fig. 2 (a) and (b), we
only show the sources lying within 1.5 Kpc. Because the majority
of these sources are lying behind the cloud, the measured 6, most
likely, is representing the orientation of the cloud’s magnetic field.
Two sources lying at 270 pc and 320 pc show very low P% values,
consistent with the values obtained for the six foreground sources.
Filled circles in red represent polarimetric results of the nine can-
didate YSOs having reliable detections in Gaia EDR3. The mean
values of the P% and 6 for these nine sources are 1.2% and 157°, re-
spectively, with corresponding standard deviations as 0.7% and 47°,
respectively. The dotted line represents the median distance of 394
pc, and the shaded portion in pink represents five times of the MAD
value.

Unpolarized starlight, when travels through a molecular cloud,
gets polarized due to the selective absorption by the dust grains
present in that cloud. Normally, the gradual increase in P% is ex-
pected as a function of distance due to the increasing column of
dust grains along the path of the starlight. But when the path of the
starlight passes through any molecular cloud, a sudden rise in the
values of P% occurs due to the additional polarization caused by the
dust grains residing in the cloud. The stars that are background to
the molecular cloud are expected to show relatively higher values of
P%, compared to those lying foreground to it. The distance at which
P% rises significantly, is considered as the distance of the cloud (e.g.
Straizys et al. 1992; Whittet et al. 1997; Knude & Hog 1998; Alves
& Franco 2007). The sudden rise in P% of both the candidate YSOs
and the normal stars in Fig. 2 (a) also implies that BRC 18 is located
at a distance of ~ 394 pc. Only one observed source (not identified
as candidate YSO) located at the pink patch is having uq, and ug as
-17.04840.019 and 2.41440.011 mas yr—!, respectively, indicating
this source to be a field star.

3.1.4 Polarization and IR excess of the sources towards BRC 18

In Fig. 3, we show the P% as a function of the (g — W1) colors. The
g-magnitudes for the sources are obtained from the Pan-STARRS
(heff ~ 4810 A; Chambers et al. 2016) and the W1 values are ob-
tained from the WISE (A.sy ~ 3.6 um; Wright et al. 2010). The
filled circles in black indicate the sources observed by Neha et al.,
which are likely to be the normal field stars, while the filled circles
in yellow are the 15 of the 17 candidate YSOs, for which we have
polarization measurements and g — W1 colors. The candidate YSOs,
which have reliable Gaia EDR3 data are distinguished by using open
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Figure 1. Proper motion values of the known candidate YSOs associated with BRC 18 are plotted as a function of their distances obtained from Gaia EDR3. (a)
Mo versus d plot of the sources. The candidate YSOs lying within 5 x MAD boundary of d versus uq, are shown using filled circles in yellow. The candidate
YSOs having polarimetric observations and lying within the same 5 x MAD boundary are presented using filled circles in red. The outliers are shown using
open circles. The dashed lines indicate the median values of d and uq, of the candidate YSOs. (b) Zoomed in view of the box shown in (a), where only the
sources lying within 5 x MAD are shown. The nine candidate YSOs having polarimetric measurements are labelled with their serial numbers (as listed in the
upper section of Table 2). (¢) ug versus d plot of the sources. The candidate YSOs lying within 5 x MAD boundary of d versus ug are shown using filled circles
in yellow. The candidate YSOs having polarimetric observations and lying within the same 5 x MAD boundary are presented using filled circles in red. The
outliers are shown using open circles. The dashed lines indicate the median values of d and ug of the candidate YSOs. (d) Zoomed in view of the box shown in
(c), where only the sources lying within 5 x MAD are shown. The sources having polarimetric measurements are labelled here too.

square boxes in red. In a study conducted to investigate the correla-
tions between polarization and other observable properties, Bastien
(1982) found correlations between polarization and average IR color
indices, especially V — L. The observed correlation was attributed to
the absorption of stellar radiation by the dust and re-emission in IR
wavelengths. We took the polarization measurements of a number of
T Tauri (TT) stars from Bastien (1982) made at 7543 A and plot-
ted as a function of their g — W1 colors. Of the 55 TT stars studied
by him, for 27, we obtained g — W1 colors, which are shown using
filled circles in cyan in Fig. 3. We also added polarimetric measure-
ment of one TT star (HP Tau) from Vink et al. (2005), observed in
R-band (6500 A). It is also shown in Fig. 3 using same symbol (filled
circle in cyan) and labelled separately. Majority of the 15 candidate
YSOs observed by us are also falling in the similar region occupied
by these TT stars. It is to be noted that the polarization and color
measurements are not simultaneous, and young sources are known
for their variability in both the P% and magnitudes (e.g., Joshi et al.
1987; Manset et al. 2009; Lorenzetti et al. 2011). In spite of these
caveats, we find that the TT stars and the 15 sources observed by us
show higher g — W1 colors indicative of the presence of circumstel-
lar material. The circumstellar dust distributed in a disc geometry
can cause relatively large P% values, which depends on the amount
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of dust scattering due to the radiation from the central star, degree
of the disc flattening, and its orientation with respect to our line of
sight to the star (e.g., Yang et al. 2016). Therefore the variation of
P% seen in candidate YSOs could be possibly due to any of these
factors or a combination of all.

3.1.5 Effect of magnetic field on the polarization of candidate YSOs

As a group, the 17 candidate YSOs show a relatively higher degree
of polarization with a mean value of 1.2% when compared to the
normal sources (observed by Neha et al.) lying at similar distances.
The mean value of 0 for the normal background sources is 172°,
and the corresponding dispersion is 7°, which is small compared to
the dispersion in 0 estimated for the candidate YSOs. This suggests
that the cloud has a well ordered magnetic field morphology, and
the candidate YSOs are showing much diverse values of position
angles. The projected magnetic field of BRC 18 is oriented roughly
in the north-south direction at 172° (starting from 0° towards the
north and increasing towards east), and the 6 values for the candi-
date YSOs are relatively more random. Thus, there is no preferred
orientation of their circumstellar discs (either parallel or perpendic-
ular) with respect to the cloud’s magnetic field. In Fig. 4, we present
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Figure 2. (a) The foreground corrected P% versus distance of the sources
(observed by Neha et al.) projected towards BRC 18 are shown using filled
circles in black. The observed candidate YSOs are shown using filled circles
in red. The six foreground sources are presented using open circles in black.
The distance of 394 pc (distance of BRC 18) is shown using a dotted vertical
line. The pink patch represents the cloud extent, which is SxXMAD from 394
pc. (b) Polarization position angle versus distance plot for the same sources.
Symbols represent the same as in (a).

the polarization vectors of the candidate YSOs using vectors drawn
in yellow and overplotted on the WISE color composite diagram us-
ing 3.6 (blue), 4.5 (green), and 12 (red) ym images. The line drawn
in cyan represents the mean position angle, i.e., the angle of pro-
jected magnetic field obtained by Neha et al. using the background
sources. From Fig. 4, it is clear that the polarimetric results of the
candidate YSOs are scattered with respect to the projected magnetic
field direction. Our results are in agreement with the results obtained
by Ménard & Duchéne (2004) in Taurus, where they found that the 6
values for the YSOs are irregular. One possibility for random orien-
tations could be that the YSOs are formed with discs oriented in an
arbitrary manner (Ménard & Duchéne 2004). Additionally, they also
mentioned that the irregularity could be originated from the projec-
tion effect. The third reason could be that the magnetic field strongly
drives the gravitational collapse, turning all systems to be oriented
parallel to the field lines, and some of these systems become mis-
aligned later by some unidentified processes, for example, dynami-
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Figure 3. Plot of the P% versus Pan-STARRS g - WISE W1 colors of the
sources. The filled circles in black indicate the sources projected background
of BRC 18 (observed by Neha et al.), while the filled circles in yellow are the
candidate YSOs observed by us in polarimetric mode. The candidate YSOs
having reliable Gaia EDR3 data are marked with open square boxes in red.
The filled circles in cyan are the 28 TT stars (27 are obtained from Bastien
(1982) and one is taken from Vink et al. (2005), which is labelled here.
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Figure 4. Polarimetric results of the candidate YSOs are overplotted on the
WISE color composite diagram using 3.6 (blue), 4.5 (green), and 12 (red)
um images. The lines in yellow represent the polarization vectors of the ob-
served candidate YSOs. The mean direction of the projected magnetic field
(obtained by Neha et al.) is indicated by a line drawn in cyan. The white
dashed line represents the Galactic plane. A vector with 1% polarization is
shown as a reference at the bottom right corner.

cal encounters (Ménard & Duchéne 2004; Bate et al. 2010; Vincke
& Pfalzner 2016).

In the case of BRC 18, the energetic ionizing photons from A
Ori could be expected to be responsible for the random orientations
of the circumstellar discs of candidate YSOs. But then, the cloud’s
magnetic field lines also should be affected by the same. Henney
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Figure 5. Cartoon diagram of a system consisting of BRC 18 and the main
ionizing source A Ori (not to scale). The massive ionizing source is indicated
by a blue star symbol, while the candidate YSOs projected towards BRC
18 are shown using red star symbols. The thick yellow border indicates the
bright rim of the cloud. The direction of ionizing photons is shown using
an arrow in black pointing away from the massive star, making the angle
of ionizing photons 8;, with respect to the north. The angle of the relative
proper motion of candidate YSOs with respect to A Ori is presented by 6,,,,
which is made by another arrow in black in BRC 18. The arrows in yellow
indicate the direction of photo-evaporating cloud material, as a reaction of
which BRC 18 accelerates away from the ionizing source.

et al. (2009) presented the first three-dimensional magnetohydrody-
namical (MHD) simulations of magnetized globules. They showed
that these globules would evolve into flattened sheet-like structures
if they have a strong magnetic field aligned perpendicular to the di-
rection of ionization. Mackey & Lim (2011) showed that initially
perpendicular weak and medium magnetic field lines are eventually
aligned with the elongated structures of the evolved clouds. Based on
the R-band polarimetric study of the stars located at the periphery of
the entire cloud by Neha et al., the magnetic field strength towards
BRC 18 is estimated as ~ 80 uG, which is of medium strength, ori-
ented almost perpendicular to the direction of ionization. The moder-
ate strength of the magnetic field does not significantly influence the
interaction of the cloud and ionization front, and the ionized photo-
evaporation flow can escape out (Arthur et al. 2011). Also, the effect
of the magnetic field is not significant at small scales, e.g., stellar
sizes, which could be responsible for the randomization of the cir-
cumstellar discs of the candidate YSOs.

3.2 Projected motion of the candidate YSOs

Proper motion of an HII region in a well-defined reference frame can
be used to estimate its motion as a whole in the plane-of-sky. How-
ever, the proper motion values of individual stars subtracted from
the mean proper motion of the HII region determines their internal
projected motion (Jones 1997). We can consider the proper motion
of the ionizing source as the proxy of the proper motion of its HIit
region. In Fig. 5, we have shown a cartoon diagram of a system con-
taining BRC 18 and the ionizing source A Ori. The massive ionizing
source is shown using a star symbol in blue, while the YSOs pro-
jected towards the BRC are indicated by star symbols in red. The
arrows in yellow indicate the direction of photo-evaporation flow of
the cloud material. 0;,, and 0,,, represent the angle of ionizing pho-
tons and the angle of the internal projected motion of YSOs with re-
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spect to the north, respectively. Both 6;, and 8, are measured from
north and increasing eastward (anti-clockwise) as shown in Fig. 5.

In Fig. 6 (a), we show the spatial distribution of the known can-
didate YSOs associated with BRC 18 using filled circles in yellow
overplotted on WISE color composite diagram using 3.6 (blue), 4.5
(green), and 12 (red) um images. In Fig. 6 (b), the arrows in yellow
represent the observed proper motion vectors of the candidate YSOs
obtained from Gaia EDR3. In order to obtain the internal projected
motion of the candidate YSOs in BRC 18, which is located at the
eastern edge of the A Ori HII region, we first note the astrometric
parameters of the earliest type ionizing source A Ori, considered to
be mainly responsible for the ionization of the A Ori HiI region. The
Gaia EDR3 provides d=439''2 pc, pig, = 2.896+0.614 mas yr—!,
and ug = -3.183+0.425 mas yr*1 of this star. However, RUWE for
A Ori is relatively high (4.823). There could be a presence of unre-
solved binaries, which is responsible for such deviations (Gaia Col-
laboration et al. 2020). Therefore it is possible that the present Gaia
EDR3 parallax measurement of A Ori may be uncertain. We, there-
fore, consider the median values of proper motions and distances of
the spectroscopically confirmed members of the Collinder 69 cluster
(Bayo et al. 2012), of which A Ori is a part. The median d is 392+8
pe, tigx = 0.91940.204 mas yr~!, and ug = -2.017+0.121 mas yr~!,
after removing the outliers. We have used these values as a reference
in our analysis instead of the same for A Ori.

The median values of proper motion obtained above were sub-
tracted from the observed proper motion values of the candidate
YSOs to obtain their true internal projected motion or the relative
proper motion with respect to the ionizing source. In Fig. 6 (c),
the arrows in yellow represent the relative proper motion vectors
of the candidate YSOs with respect to the ionizing source A Ori. The
dashed line in cyan represents the direction of the ionizing radiation
with respect to IRAS 05417+0907 (‘+” symbol in green) embedded
in BRC 18. The median direction of the relative proper motions of
the candidate YSOs and the direction of ionizing photons are indi-
cated using vectors in green and white, respectively, in the lower
right corner. Being formed inside the cloud, the YSOs share similar
kinematics as the former. We consider the median angle made by
the relative proper motion of the YSOs with respect to A Ori as 0,
starting from the celestial N-S axis. The 6;, has been computed as
the angle of the line joining the ionizing source and the central /RAS
source located in BRC 18, with respect to the celestial N-S axis.
Therefore, in an ideal Rocket Effect scenario in the sky plane, the ab-
solute difference between 6;, and 6, (| 8;, — 6, |) would be ~ 0°
(see Fig. 5). In BRC 18, we found | 6;, — 6, |=| 109° — 110° |=1°
with an uncertainty of 14°.

Now, this is to note that in our analysis, we considered only the
motions of the candidate YSOs projected in the sky plane, which is
the proper motion. We did not consider the radial velocities of the
candidate YSOs, which indicate the motion of these sources along
the line of sight. If the massive source is located at relatively far
behind or in front of the BRC (i.e., the massive source and the BRC
are not lying on the sky plane but making a significant angle with
respect to the sky plane), then the candidate YSOs associated with
the BRC can have a significant radial component that would possibly
be towards or away from us, respectively, depending on the relative
distance between the ionizing source and the BRC. Therefore, the
| 8;p — 6pm |~0° condition does not completely indicate the Rocket
Effect in 3D but in 2D.



86.2°  86.0°
RA (]2000)

Investigation of Rocket Effect in BRC 18 9

” . g 5 . 3 i P .
2 mas/yr
—

2 mas/yr

Figure 6. Proper motion properties of the candidate YSOs in BRC 18 on the WISE color composite diagram using 3.6 (blue), 4.5 (green), and 12 (red) um
images. (a) The spatial distribution of the 93 known candidate YSOs associated with BRC 18 is shown using filled circles in yellow. (b) The arrows in yellow
represent the proper motion vectors of the candidate YSOs obtained from Gaia EDR3. (¢) The arrows in yellow represent the relative proper motion vectors of
the candidate YSOs with respect to the ionizing source. The dashed line in cyan represents the direction of the ionizing radiation with respect to the JRAS source
(‘+” symbol in green) embedded in BRC 18. The median value of the relative proper motions of the candidate YSOs and the direction of ionizing photons are
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3.3 Search for additional comoving sources

Based on the work done by Saha et al. (2020, 2021), we looked for
additional sources, which share kinematics similar to the previously
known candidate YSOs in BRC 18. These sources could possibly be
young stars not identified in earlier studies. We have found 12 such
additional sources, i.e. the comoving sources. Table A2 lists the as-
trometric properties of these sources. All the comoving sources have
m/Am>3 and RUWE<1.4 and are lying within 5 x MAD bound-
aries with respect to the median values of d, to., and ug of the known
candidate YSOs. It is to be noted that the comoving sources identi-
fied are based on their distances and proper motions alone. Thus it is
possible that at least a few of them could be field stars instead of be-
ing young sources. A detailed spectroscopic study of these sources
could help to identify their true nature.

In Fig. 7 (a), we present the spatial distribution of candidate YSOs
and comoving sources in BRC 18 using filled circles in yellow and
cyan, respectively. Fig. 7 (b) shows ug, and pg of the known candi-
date YSOs (yellow) and comoving sources (cyan) as a function of
their d obtained from Gaia EDR3. The d-piq, and d-ug values are
shown in the upper and lower panels, respectively. The open circles
represent the outliers. The dashed lines show the median values of
d, tox, and ug of the candidate YSOs. The observed proper motion
vectors of the known candidate YSOs (vectors in yellow) and the
comoving sources (vectors in cyan) obtained from Gaia EDR3 are
shown in Fig. 7 (c) and Fig. 7 (d) presents the relative proper mo-
tion vectors of the known candidate YSOs (vectors in yellow) and
the comoving sources (vectors in cyan) with respect to the central
ionizing source A Ori.

In Figure 7 (e), we present an absolute Gaia G (Mg) versus
G — Ggp colour-magnitude diagram (CMD, not corrected for extinc-
tion/reddening) of the newly found comoving sources, overplotted
with the candidate YSOs, using filled circles in cyan and yellow,
respectively. From this figure, it is clear that the comoving sources
have similar ages as the candidate YSOs. The PMS isochrones cor-
responding to 0.5, 1, 3, and 10 Myr are also shown. We used the
CIFIST (Cosmological Impact of the First STars; Baraffe et al.
2015) models for low-mass stars (thick curves in black) and the
PARSEC (PAdova and TRieste Stellar Evolution Code; Bressan

et al. 2012) models for high-mass stars (dashed curves in black). A
reddening vector corresponding to Ay=1 magnitude is also shown.

We show 2MASS J — H versus H — K color-color diagram of can-
didate YSOs and comoving sources in Fig. 7 (f), using filled circles
in yellow and cyan, respectively. The solid curves in red and ma-
genta represent the loci of the unreddened main sequence stars and
giants, respectively. The dashed lines in black indicate the extinc-
tion vectors. This plot clearly shows that the latter suffer from less
extinction and less near-IR excess, although a fraction of them are
found to have similar excess as the known candidate YSOs. This fur-
ther confirms that the comoving sources are potential YSOs evolving
along with the known candidate YSOs not identified in earlier stud-
ies. However, to confirm their youth, more detailed spectroscopic
studies are being carried out currently. The results will be presented
shortly in a subsequent paper.

4 SUMMARY AND CONCLUSIONS

We present R-band polarimetric results of 17 candidate YSOs pro-
jected towards BRC 18 to study their circumstellar disc orientations.
Star formation in BRC 18 is considered to be affected by the im-
pact of the ionizing source A Ori, which is called RDI. As a conse-
quence of the RDI effect, the collapse of the BRCs leads to triggered
star formation, leaving behind a chain of YSOs, as reminiscent of
the elongated cloud. Furthermore, the cloud accelerates away from
the direction of the ionizing source due to the photo-evaporation of
cloud material towards the ionized medium, which is known as the
“Rocket Effect”. The fact that the internal projected motion of the
YSOs mirrors the motion of the parental cloud in the plane-of-sky
is investigated herein BRC 18 using the astrometric information of
the candidate YSOs from Gaia EDR3. The main conclusions of this
work are summarized below:

e Based on the Gaia measurements of the candidate YSOs lo-
cated towards BRC 18, we estimated the median distance to this
cloud as 394+7 pc. The median pq, and pg of these sources are
2.189+0.382 and -2.482+0.114 mas yr— !, respectively.

e The sudden rise in the polarization versus distance plot of the
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are plotted as a function of their d obtained from Gaia EDR3, in filled circles in yellow and cyan, respectively. The open circles represent the d-uq, values of
the outliers. The dashed lines show the median values of d and g, of the candidate YSOs. (b) lower panel: Same as (b) upper panel, but for ug versus d of the
sources. (¢) The observed proper motion vectors of the known candidate YSOs (vectors in yellow) and the comoving sources (vectors in cyan) obtained from
Gaia EDR3. (d) The relative proper motion vectors of the known candidate YSOs (vectors in yellow) and the comoving sources (vectors in cyan) with respect
to the central ionizing source. The dashed line in cyan represents the direction of the ionizing radiation with respect to IRAS 05417+0907 (shown using ‘+’
symbol in green). (e) Gaia Mg versus (G-Grp) CMD of the candidate YSOs (filled circles in yellow) and comoving sources (filled circles in cyan). The dashed
lines indicate the PMS isochrones from PARSEC models, and solid curves represent the same from CIFIST models. The PMS isochrones corresponding to 0.5,
1, 3, and 10 Myr are shown. A reddening vector corresponding to Ay=1 magnitude is also shown. (f) 2MASS J — H versus H — K; color-color diagram of the
candidate YSOs (filled circles in yellow) and comoving sources (filled circles in cyan). The solid curves in red and magenta represent the loci of the unreddened
main sequence stars and giants, respectively. The dashed lines in black indicate the extinction vectors.

sources projected background to BRC 18 also indicates a similar
distance to the cloud.

e We obtained the disc orientations of 17 candidate YSOs in BRC
18 to be randomly oriented, suggesting that the projected magnetic
field of BRC 18 has more impact at a large scale, and its impact
decreases at a smaller scale (scale of individual candidate YSOs),
which leads to the possibility of the effect of close dynamical inter-
actions on the disk orientations. Another probability is that the can-
didate YSOs could have changed their disc orientations since birth.
Because of projection effect also, this randomness can appear.

e We found | 6;, — 0, |= 1° £14° in BRC 18, i.c. the directions
of the ionization front and the median internal projected motion of
the candidate YSOs are almost parallel.

e We searched for sources moving in a similar fashion as the
other candidate YSOs do. We obtained 12 such additional comoving
sources located towards BRC 18. Most of them show a distribution
similar to the candidate YSOs in the Gaia CMD.

e Based on 2MASS J — H versus H — K; color-color diagram, we
found less extinction and little or no near-IR excess in these newly
identified comoving sources.

The evidence of “Rocket Effect” found in BRC 18, based on rela-
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tive internal projected motions of the associated candidate YSOs are
being examined in other BRCs also. The results will be presented in
a subsequent paper.
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Table A1l. Properties of the previously known candidate YSOs towards BRC 18 from Gaia EDR3.

# Source ID RA(2016)  Dec(2016)  ARA ADec dEA pas t Augs g+ Aug G+AG Ggp +AGpp Grp +AGgp
(Gaia EDR3) ©) ©) ) @ (pc) (mas yr—1) (mas yr—1) (mag) (mag) (mag)
1 2) 3) 4) (5) (6) @) (8) © (10) 11 (12)

3336168314489240704 85.660435 9.310332 6658.4 -2245.7 397‘14 2.054+0.026 -2.187+0.018 14.580+0.003 15.405+0.009 13.665+0.007

2 3336168043908536704 85.680581 9.287969 6730.1 -2326.3 3838 9 1.40940.070 -2.557+0.047 16.419+0.003 18.436+0.018 15.080£0.005
3 3336155189070384384 85.729819 9.246989 6905.3 -2473.8 390@6 2.076+0.054 -2.14140.037 15.995+0.003 17.431+£0.008 14.81840.005
4 3336152375867856512 85.747103 9.164555 6967.5 -2770.5 390E4 1.50640.035 -2.73540.025 15.059+0.003 16.17240.012 13.977+0.005
5 3336161549917961088 85.802402 9.283812 7162.5 -2341.2 394574 2.011£0.036 -2.48240.023 15.179+0.005 16.392+0.020 14.070+0.012
6 3336180585212965376 85.814037 9.491866 7201.6 -1592.2 407574 2.137£0.027 -2.488+0.018 14.675+0.003 15.555+0.021 13.638+0.008
7 3336160690924950272 85.873411 9.283380 7414.6 -2342.8 400109 2.180£0.077 -2.4731+0.046 16.390+0.003 17.857£0.015 15.201+£0.005
8 3336177454181082496 85.890385 9.496435 74725 -1575.8 4()117315 2.106+0.091 -2.72240.065 17.316+0.003 19.431£0.025 15.958+0.005
9 3336156121079561344 85.914989 9.178026 7563.3 -2722.0 370&59 2.170+0.103 -2.29940.065 16.676+0.003 18.491+£0.017 15.34540.005
10 3336149867606924288 85.935460 9.133633 7636.5 -2881.9 429‘3032 1.06940.183 -2.405+0.116 18.32140.010 19.229-+0.048 17.202+0.031
11 3336156292877976064 85.961132 9.206919 7726.8 -2618.0 405]719 2.42240.065 -2.41540.040 16.295+0.010 17.859+0.040 15.05740.024
12 3336157422453353600 85.963992 9.227901 7736.7 -2542.5 399’1031 2.189+0.219 -2.00440.145 18.391£0.003 20.377£0.074 16.975+0.010
13 3336159419614147584 85.968111 9.283435 7750.7 -2342.6 394(17 2.690+0.046 -2.47040.031 15.716+0.003 17.415+0.006 14.464+0.004
14 3336157873425924992 85.968650 9.266585 7752.8 -2403.2 3841315 2.227+0.107 -2.585+0.074 17.422+0.003 19.441£0.035 16.078=+0.006
15 3336102897844569856 85.972911 9.119901 7769.6 -2931.3 394879 1.41440.066 -2.42340.043 16.228+0.009 17.575+0.043 15.00040.025
16 3336159557053093248 85.985790 9.304671 7813.2 -2266.1 371 39 2.388+0.062 -2.1814+0.044 16.397+0.016 17.831+0.051 15.204+0.043

17 3336159282175185792 86.006802 9.289093 7888.0 -2322.2 393574 2.753+0.028 -2.600+0.019 14.750+0.003 15.793+0.008 13.726+0.005
18 3336109048235617536 86.041829 9.144624 8014.0 -2842.3 41417213 1.884+0.090 -2.22140.052 16.814+0.008 17.926+0.035 15.703£0.015
19 3336107429033839360 86.053240 9.086216 8055.2 -3052.6 3919—8 1.496+0.075 -2.510+0.046 16.625+0.004 18.211£0.013 15.3504+0.014
20 3336108223604259456 86.061986 9.135564 8085.7 -2874.9 38518 1.588+0.050 -2.32340.031 15.728+0.003 17.242+0.009 14.524+0.007
21 3336111006743055360 86.079400 9.209260 8146.6 -2609.6 382112 2.22940.078 -2.41640.048 16.458+0.003 18.186+0.023 15.02440.005
22 3336158594980405376 86.080847 9.271995 8151.0 -2383.8 409]729 1.61340.056 -2.53440.036 16.170£0.003 17.742+0.009 14.948+0.005
23 3336158521965029760 86.087587 9.267106 8175.0 -2401.4 382%7 2.546+0.061 -2.198+0.039 16.189+0.003 17.999+0.009 14.910+£0.004
24 3336108361043207040 86.090606 9.148215 8187.2 -2829.4 3999—8 1.699+0.061 -2.7534+0.039 15.938+0.003 17.824+0.022 14.462+0.007
25 3336109937294863744 86.095395 9.176425 8203.8 -2727.8 39485 2.635+0.035 -2.4124+0.022 15.059+0.003 16.228+0.006 13.978+0.005
26 3336110834944361984 86.107235 9.200320 8245.6 -2641.8 38718 3.095+0.057 -2.596+0.036 16.160+0.003 17.781+£0.015 14.91340.007
27 3336109902935129088 86.112112 9.178385 8263.1 -2720.8 393876 2.89140.056 -2.44440.035 16.221+0.003 17.718+0.007 15.03340.004
28 3336104955132704640 86.119424 9.105122 8290.0 -2984.5 416%722 2.933+0.150 -2.39040.097 17.918+0.003 20.044+0.062 16.563+0.007
29 3336256176637551232 86.137795 9.446547 8351.0 -1755.4 383374 2.782+0.029 -1.843+0.019 14.865+0.003 16.315+0.004 13.683+0.004
30 3336110525706709120 86.154261 9.222194 84122 -2563.0 38477(7 2.709+0.043 -2.393+0.027 15.580+0.003 17.301£0.008 14.309+0.005
31 3336104787630415616 86.157234 9.099283 84243 -3005.5 4091719 2.625+0.081 -2.55840.053 16.663+0.003 18.792+0.018 15.309+0.004
32 3336256103621173504 86.158848 9.432716 8425.9 -1805.2 42016]3 1.83240.081 -2.20340.056 17.188+0.003 18.984-£0.027 15.91240.005
33 3336107227171825664 86.194115 9.189299 8554.1 -2681.5 402676 3.05340.041 -2.50440.027 15.667+0.003 16.959+0.008 14.52840.005
34 3335326299037613056 86.226617 8.713875 8675.5 -4393.0 417174]3 2.009+0.088 -2.6214+0.059 17.223+0.017 19.321+0.081 15.809+0.046

Table A2. Properties of the newly found comoving sources identified towards BRC 18 from Gaia EDR3.

# Source ID RA(2016)  Dec(2016)  ARA ADec dEAd pox tDugs g+ Aug G+AG Ggp +AGpp Grp £ AGgp
(Gaia EDR3) ©) ©) ) @ (pc) (mas yr— 1) (mas yr—1) (mag) (mag) (mag)
1 2) 3) 4) (5) (6) @) (8) ©) (10) an (12)

3336166837021667584 85.679980 9.228623 6728.5 -2539.9 40727127 1.911+0.161 -2.499+0.108 17.851+0.003 20.035+0.072 16.481+0.006

2 3336149455287469824 85.846633 9.091804 7321.6 -3032.4 4()527014 2.568+0.113 -2.309+0.079 16.151£0.003 - -

3 3336156048063746304 85.940706 9.171731 7654.7 -2744.7 400279]7 2.12840.123 -2.70440.085 17.312+0.003 19.461+0.034 15.92140.005
4 3336111071166289152 86.069824 9.222508 8112.5 -2561.9 37117']2 2.51040.098 -2.494+0.064 17.234+0.004 18.898-+0.046 15.751+0.006
5 3336104134795404928 86.093515 9.044528 8198.7 -3202.6 4011—919 2.066+0.143 -2.546+0.088 17.408+0.003 19.350+0.034 16.072£0.005
6 3336108391106615168 86.102807 9.163186 8230.3 -2775.5 4031:)27 2.356+0.147 -2.62640.093 17.930+0.003 19.966+0.042 16.601£0.007
7 3336252564567949824 86.151543 9.308982 8401.5 -2250.6 389%521 2.636+0.163 -2.2234+0.106 18.262+0.003 20.685+0.083 16.846+0.007
8 3336205663525068800 86.181870 9.299059 8509.3 -2286.3 385%722 3.19540.199 -2.558+0.132 18.311£0.003 20.480+0.070 16.893+0.007
9 3336110182109326208 86.182331 9.192329 8512.2 -2670.6 3861‘5]7 2.51140.135 -2.36040.080 17.502+0.003 19.949-£0.048 16.06740.005
10 3336107364610774272 86.219055 9.209368 8642.4 -2609.2 3758—8 3.337£0.070 -2.66240.045 16.628+0.003 18.785+0.018 15.26340.005
11 3336092830441451008 86.330422 9.056243 9039.8 -3160.5 3892}]5 2.802+0.145 -2.7124+0.076 17.316+0.003 19.503+0.031 15.971+£0.005
12 3336092864798790144 86.343198 9.070070 9084.9 -3110.7 402374 2.441£0.020 -2.507+0.012 9.266+0.003 10.029+0.004 8.360+0.005
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