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ABSTRACT

Context. The Cepheus Flare region consists of a group of dark cloud complexes that are currently active in star formation.
Aims. The aim of this work is to estimate the motions of four clouds, namely L1147/1158, L1172/1174, L1228, and L1251, located at
relatively high Galactic latitude (b > 14◦) in the Cepheus Flare region. We study the relationship between the motions of the clouds
with respect to the magnetic field and the clump orientations with respect to both the magnetic field and the motion.
Methods. We estimated the motions of the molecular clouds using the proper motion and distance estimates of the young stellar
objects (YSOs) associated with them using the Gaia EDR3 data. By assuming that the YSOs are associated with the clouds and share
the same velocity, the projected directions of motion are estimated for the clouds. We measured the projected geometry of the magnetic
field towards the direction of each cloud by combining the Planck polarization measurements.
Results. We estimated a distance of 371± 22 pc for L1228 and 340± 7 pc for L1251, implying that all four complexes are located at
almost the same distance. Assuming that both the clouds and YSOs are kinematically coupled, we estimated the projected direction of
motion of the clouds using the proper motions of the YSOs. The directions of motion of all the clouds are offset by ∼30◦ with respect to
the ambient magnetic fields, except in L1172/1174 where the offset is ∼45◦. In L1147/1158, the starless clumps are found to be oriented
predominantly parallel to the magnetic fields while prestellar clumps show a random distribution. In L1172/1174, L1228, and L1251, the
clumps are oriented randomly with respect to the magnetic field. With respect to the motion of the clouds, there is a marginal trend that
the starless clumps are oriented more parallel in L1147/1158 and L1172/1174. In L1228, the major axes of the clumps are oriented more
randomly. In L1251, we find a bimodal trend in the case of starless clumps. We do not find any overall specific correlation between the
core orientation and the global/local magnetic fields for the clouds in Cepheus. Also, we conclude that the local small-scale dynamics
of the cloud with respect to the magnetic field direction could be responsible for the final orientation of the cores.
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1. Introduction

The structure of the filamentary molecular clouds could be a
consequence of the instabilities in the interstellar medium. The
Parker instability is thought to be one of the driving factors
in the formation of filamentary molecular clouds (Mouschovias
et al. 2009; Heintz et al. 2020). Other possible mechanisms
could be the converging flows (e.g., Hennebelle & Pérault 1999;
Ballesteros-Paredes et al. 1999; Vázquez-Semadeni et al. 2006;
Hennebelle et al. 2007; Inoue & Inutsuka 2009) driven by stel-
lar feedback or turbulence. Stellar feedback processes, such as
the expansion of HII regions (Bania & Lyon 1980; Vazquez-
Semadeni et al. 1995; Passot et al. 1995), stellar winds, and
supernova blast waves (McCray & Kafatos 1987; Gazol-Patiño
& Passot 1999; de Avillez 2000; de Avillez & Mac Low 2001;
de Avillez & Breitschwerdt 2005; Dib et al. 2006, 2009; Kim
et al. 2011; Ntormousi et al. 2011) can generate converging
streams of gas that assemble to become molecular clouds, either
in the Galactic plane or at relatively high Galactic latitudes. The
energy input from supernovae and stellar winds can also eject
material vertically upwards (e.g., Spitzer 1990; McKee 1993;
Benjamin & Danly 1997) which then flows back into the plane of
the disk (vgas < vesc) through the diffuse magnetized interstellar
medium (ISM).

Magnetic fields may play a crucial role in the dynamics of
cloud motion through the ISM. Using 2D numerical simula-
tions, Mac Low et al. (1994) showed that even a moderate level
of magnetic field aligned parallel to the direction of the shock
motion can help a cloud stabilize against disruptive instabili-
ties (see also Jones et al. 1996). The magnetic field was found
to have an even more dramatic impact when the motion of the
cloud was considered transverse to the field lines (Jones et al.
1996). In this case, the field lines at the leading edge of the cloud
are stretched, creating a magnetic shield which quenches the dis-
ruptive Rayleigh-Taylor and Kelvin-Helmholtz instabilities and
thus helps the cloud survive for longer. By varying the magnetic
field orientation angle with respect to the cloud motion and also
by varying the cloud–background density contrast and the cloud
Mach number, Miniati et al. (1999), based on 2D numerical
simulations showed that for sufficiently large angles, the mag-
netic field tension can become significant in the dynamics of the
motions of clouds with high density contrast and low Mach num-
ber. Gregori et al. (1999, 2000), using 3D numerical simulations
of a moderately supersonic cloud motion through a transverse
magnetic field, showed that the growth of dynamical instabilities
is significantly enhanced by increase in the magnetic pressure at
the leading edge of the cloud caused by the effective confinement
of the magnetic field lines.
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It is interesting to test these theoretical and numerical ideas
on the Galactic molecular clouds. The Gould Belt is a distribu-
tion of stars and molecular clouds that forms a circular pattern
in the sky, and has an inclination of ∼20◦ with respect to the
Galactic plane (Gould 1879). The minimum and the maximum
Galactic latitudes of the Gould Belt are toward the Orion and
the Scorpio-Centaurus constellations, respectively. The Cepheus
Flare region is considered to be a part of the Gould Belt (e.g.,
Kirk et al. 2009). This region is identified as having a complex
of nebulae that extends 10◦–20◦ out of the plane of the Galac-
tic disk at a Galactic longitude of 110◦ (Hubble 1934; Lynds
1962; Taylor et al. 1987; Clemens & Barvainis 1988; Dutra &
Bica 2002; Dobashi et al. 2005). Five associations of dark clouds
are found towards this region, namely L1148/1157, L1172/1174,
L1228, L1241, and L1247/1251. There are signs of current star
formation in these cloud complexes (e.g., Kirk et al. 2009).

Several shells and loops are identified in the direction of
the Cepheus Flare. The Cepheus Flare Shell with its center at
the Galactic coordinates l∼120◦ and b∼17◦ is considered to be
an expanding supernova bubble and is located at a distance of
∼300 pc (Grenier et al. 1989; Olano et al. 2006). Based on a study
of the H I distribution in the region of the Cepheus Flare, Heiles
(1969) speculated upon the possibility of the presence of two
sheets most likely representing an expanding or colliding system
at a distance of 300–500 pc. The presence of a giant radio con-
tinuum region Loop III centered at l = 124± 2◦, b = +15.5± 3◦
and extending across 65◦ (Berkhuijsen 1973) suggests that this
system possibly formed as a consequence of multiple supernova
explosions. Also, the identification of an H I shell by Hu (1981)
at l = 105◦ and b = +17◦ suggests that the ISM towards the
Cepheus Flare region is far from being static.

Based on a study of the kinematics of the gas in LDN 1157,
a star-forming cloud associated with the cloud complex LDN
1147–LDN 1158, Sharma et al. (2020) showed that the southern
boundary of the east–west segment was found to show a sinu-
ous feature. Using the proper motion and parallax measurements
of YSOs associated with L1147/1158 and L1172/1174, these lat-
ter authors suggest that the feature could be produced by the
motion of the cloud through the ISM. In this paper, we studied
the motion of two more cloud complexes, LDN 1228 (hereafter
L1228; Lynds 1962) and LDN 1251 (hereafter L1251; Lynds
1962). These are located in the direction of the Cepheus Flare
region (Yonekura et al. 1997) and show signs of active star for-
mation (Kun et al. 2009). Both these clouds are situated towards
the east of L1147/1158 and L1172/1174 cloud complexes at an
angular separation of ∼10◦ (Fig. 1). Using the parallax measure-
ments of the YSOs associated with the clouds from the Gaia
EDR3, we find that both L1228 and L1251 are located at similar
distances to those of L1147/1158 and L1172/1174 but show dif-
ferent radial velocities (Benson & Myers 1989; Yonekura et al.
1997; Lee et al. 2007). Using the proper motion measurements
of the YSO population identified in L1147/1158, L1172/1174,
L1228, and L1251, and assuming that both YSOs and the clouds
are kinematically coupled, we estimated the motions of the
clouds on the plane of the sky.

The plane of the sky component of the magnetic fields
towards a molecular cloud are inferred from observations made
at optical (e.g., Vrba et al. 1976; Goodman et al. 1990; Alves
et al. 2008; Soam et al. 2013, 2015; Pereyra & Magalhães 2004;
Franco & Alves 2015; Neha et al. 2016), near-infrared (NIR;
e.g., Goodman et al. 1992; Goodman 1995; Chapman et al.
2011; Sugitani et al. 2010; Clemens et al. 2018), far-infrared
(FIR; e.g., Clemens et al. 2018; Chuss et al. 2019; Pillai et al.
2020) and submillimeter (submm) wavelengths (Rao et al. 1998;

Fig. 1. 857 GHz Planck image containing the Cepheus Flare region
(l ∼ 100◦ − 116◦ and b ∼ 9◦ − 25◦). The four cloud complexes
L1147/1158, L1172/1174, L1228, and L1251 studied here are identified
and labeled. The arrows drawn in cyan show the direction of motion
of the clouds in the sky plane inferred from the proper motion values
(Gaia EDR3) of the YSOs associated with the clouds. The median dis-
tances of the YSOs estimated using the Gaia EDR3 in this study are
also given.

Benoît et al. 2004; Vaillancourt et al. 2007; Dotson et al. 2010;
Planck Collaboration Int. XXXV 2016). As the interstellar dust
grains align their long axis perpendicular to the magnetic field,
the background star light polarization is parallel to the local
magnetic field. At FIR and submm wavelengths, thermal dust
emission is found to be linearly polarized with the polariza-
tion position angles lying perpendicular to the ambient magnetic
field orientations (Benoît et al. 2004; Vaillancourt et al. 2007).
This provides information on the geometry of the projected
magnetic field lines. The magnetic field morphology traced
by the polarization measurements made with the Planck are
used not only to infer the Galactic magnetic field geometry,
but also to place new constraints on the dust grain properties
(Planck Collaboration Int. XXI 2015; Planck Collaboration Int.
XXXII 2016; Planck Collaboration Int. XXXV 2016; Planck
Collaboration Int. XXXVIII 2016). In this study, the plane of
the sky component of the magnetic field geometry was inferred
for all four clouds using the Planck polarization measurements.

Having information on the motion of the cloud and the mag-
netic field geometry on the plane of the sky, we studied various
relations such as (a) the relative orientation between the pro-
jected magnetic field and the direction of motion of the clouds,
(b) the relative orientation between the major axis of the core
and the orientation of the magnetic fields (both within the cloud
and in the inter-cloud region), and (c) the relative orientation
between the major axis of the core and the direction of motion
of the clouds. This paper is organized in the following manner.
We begin with a description of the data used in Sect. 2, followed
by a discussion of the YSO population in each cloud, the esti-
mation of the distances of the clouds, and the proper motion
values of the YSOs in Sect. 3. The motions of the clouds are
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discussed with respect to the orientation of the projected mag-
netic fields, and the orientation of the clumps identified in the
clouds are discussed with respect to both the magnetic fields and
the direction of motion. We finally conclude our paper with a
summary of the results in Sect. 4.

2. The data

2.1. The Gaia EDR3

The Gaia Early Data Release 3 (EDR3) provides five-parameter
astrometric solution, namely positions on the sky (α, δ), par-
allaxes, and proper motions for more than 1.5 billion sources
(Gaia Collaboration 2021). The limiting magnitude is ∼21 in
G-band. Uncertainties in the parallax values are in the range
of ∼0.02–0.03 mas for sources with G ≤ 15, and around 0.07
mas for sources with G ∼ 17 mag. For the sources at the fainter
end, with G ∼ 20, the uncertainty on parallax is of the order of
0.5 mas (Lindegren et al. 2021). The standard uncertainties in
Gaia EDR3 as compared to DR2 have improved on average by a
factor of approximately 0.8 for the positions and parallaxes, and
0.5 for the values of proper motions. The uncertainties in the cor-
responding proper motion values are up to 0.01–0.02 mas yr−1 for
G ≤ 15 mag, 0.05 mas yr−1 for G = 17 mag, and 0.4 mas yr−1 for
G = 20 mag. The conversion from parallax to distance is known
to become nontrivial when the observed parallax is small com-
pared to its uncertainty, especially in cases where σ$/$ & 20%
(Bailer-Jones 2015). As a result, by adopting an exponentially
decreasing space density prior in distance, Bailer-Jones (2015)
estimated distances of about 1.47 billion sources using the Gaia
parallax measurements. The distances to the YSOs studied in
this work are obtained from the catalog provided by Bailer-Jones
et al. (2021) while the proper-motion values are obtained from
the Gaia EDR3 (Gaia Collaboration 2021) catalog. We used only
those values for which the ratio m/∆m (where m represents either
the distances or the proper motions and ∆m is the corresponding
uncertainties in two quantities) is greater than or equal to 3.

2.2. The Planck 353 GHz polarization measurements

The 353 GHz (850µm) channel is the highest-frequency
polarization-sensitive channel of the Planck. We constructed the
geometry of the magnetic fields in the vicinity of L1147/1158,
L1172/1174, L1228, and L1251 based on these data. We selected
images containing the clouds and smoothed them down to the 8′
resolution to obtain a good signal-to-noise ratio (S/N). As men-
tioned before, the dust emission is linearly polarized with the
electric vector normal to the sky-projected magnetic field, and
therefore the polarization position angles were rotated by 90◦ to
infer the projected magnetic field.

2.3. Identification of clumps from the Herschel column
density maps

In our analysis, we used the sample of cores identified by
Di Francesco et al. (2020) using Getsources on high-resolution
column density images of four complexes. The method Get-
sources is a multi-scale method to filter out emission from
monochromatic images. Out of all the sources, we have consid-
ered only those sources where the aspect ratio is less than 0.8.

To check the dependency of our analysis on any core-
extraction method, we also identified clumps in the column
density maps of the four clouds using the Astrodendro algo-
rithm, which is a Python package to identify and characterize

hierarchical structures in images and data cubes. The dust col-
umn density maps of the four clouds L1147/1158, L1172/1174,
L1228, and L1251 were obtained from the Herschel Gould Belt
Survey Archive1. A dendrogram is a tree diagram which iden-
tifies the hierarchical structures of two- and three-dimensional
datasets. The structures start from the local maximum, with the
volumes getting bigger when the structures merge with the sur-
roundings with lower flux densities (Rosolowsky et al. 2008).
The dendrogram method identifies emission features at suc-
cessive isocontours in emission maps, which are called leaves,
and finds the intensity values at which these features merge
with neighbouring structures (branches and trunks). In order
to extract the structures, three parameters need to be defined :
min_value, min_delta, and min_npix. The parameter min_value
is an emission threshold above which all the structures are identi-
fied and min_delta is a contour interval that decides the boundary
between the distinct structures. The initial threshold and the con-
tour step size are selected as a multiple of σ, the rms of the
intensity map. In our analysis, we are interested in the denser
regions that are identified as leaves.

In each cloud, the minimum threshold was selected as
a multiple of the background column density values, ∼0.5–
65× 1021 cm−2. We considered emission-free regions well away
from the cloud emission to find the background column density.
The other parameter, min_delta, decides whether the main struc-
ture is to be identified as an independent entity or is merged
with the main structure. After trying a set of choices, we used
twice the rms of the emission map to minimize the chance of
picking up of noise structure. In order to identify the real struc-
tures, we used the condition on the size of the clump according
to which the area within each ellipse should be higher than the
area within 30 pixels for the high-resolution image. Second, we
excluded the clumps where the area of each source is smaller
than the area subtended by a beam. Here, we used the Herschel
column density map for the source extraction with a beam size of
∼18′′. In addition to that, to consider only the elongated clumps,
we used only those clumps where the aspect ratio is less than
0.8 (Chen et al. 2020). As we are interested in the orientation
of cores embedded within the large clouds, we removed those
clumps from our sample that are lying on the edges of the dust
column density maps.

3. Results and discussion

3.1. Population of YSOs, distance, and proper motion

The star-forming regions in the Cepheus Flare have been exten-
sively studied by Kirk et al. (2009), Kun et al. (2009), and
Yuan et al. (2013). The YSOs used in the present study are
taken from the above three works. We obtained Gaia EDR3
data for the three YSO candidates that are located in the direc-
tion of the L1147/1158 cloud complex (Kirk et al. 2009). These
sources are listed in Table 1. The distance and proper motion
values of these three sources associated with the L1147/1158
cloud complex are shown in Fig. 2 using open circles (µα?) and
triangles (µδ) in blue. The median and the standard deviation val-
ues of the distances and µα? and µδ are found to be 333±1 pc,
7.764± 0.137 masẏr−1, and −1.672± 0.108 mas yr−1 respectively.
These values are given in Cols. 2–4 of Table 2.

Recently, Saha et al. (2020) studied the YSO candidates in
the direction of L1172/1174 based on the Gaia DR2 data. These
authors obtained the Gaia DR2 data for a total of 19 known
YSOs compiled from Kirk et al. (2009), Kun et al. (2009) and
1 http://www.herschel.fr/cea/gouldbelt/en/
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Table 1. Gaia DR3 results of YSOs associated with the L1147/1158, L1172/1174, L1228 and L1251 complexes.

Source name RA Dec l b D µα ∆µα µδ ∆µδ
(◦) (◦) (◦) (◦) (pc) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

L1147/1158
2MASS J20361165+6757093 309.048672 +67.952608 102.4221 +15.9738 33315

−15 7.627 0.183 −1.781 0.155
IRAS 20359+6745 309.082855 +67.942131 102.4205 +15.9573 3324

−5 7.902 0.055 −1.563 0.045
PV Cep 311.474902 +67.960735 102.9697 +15.2315 3506

−5 8.108 0.057 −2.108 0.054

L1172/1174
FT Cep 314.845315 +68.245467 103.9926 +14.4053 3292

−2 7.184 0.024 −1.239 0.023
2MASS J21002024+6808268 315.084447 +68.140772 103.9661 +14.2704 3315

−4 7.557 0.064 −1.181 0.064
2MASS J21005550+6811273 315.231481 +68.190885 104.0418 +14.2596 3376

−7 7.214 0.068 −1.719 0.080
NGC 7023 RS 2 315.359984 +68.177338 104.0621 +14.2140 3332

−2 7.569 0.026 −1.416 0.024
NGC 7023 RS 2B 315.362884 +68.177214 104.0627 +14.2131 3458

−8 6.508 0.078 −1.016 0.074
LkHα 425 315.400352 +68.139576 104.0418 +14.1785 3294

−4 7.182 0.055 −1.687 0.051
HD 200775 315.403923 +68.163263 104.0616 +14.1924 3525

−5 7.597 0.049 −2.821 0.046
NGC 7023 RS 5 315.427117 +68.215960 104.1093 +14.2191 3394

−5 8.043 0.056 −0.578 0.053
FU Cep 315.444875 +68.145894 104.0577 +14.1696 3342

−3 7.528 0.024 −1.556 0.024
FV Cep 315.558650 +68.233141 104.1549 +14.1923 31721

−17 8.333 0.281 −1.754 0.262
LkHα 428 N 315.617758 +68.058287 104.0301 +14.0642 3413

−2 6.871 0.034 −1.385 0.029
FW Cep 315.637634 +68.124746 104.0878 +14.1008 3421

−2 7.031 0.019 −1.061 0.016
NGC 7023 RS 10 315.747855 +68.108939 104.1022 +14.0590 3335

−4 7.419 0.050 −1.668 0.046
EH Cep 315.851719 +67.985134 104.0295 +13.9501 3248

−8 8.229 0.093 −1.821 0.091
2MASS J21035938+6749296 315.997585 +67.824847 103.9389 +13.8053 3445

−5 7.552 0.048 −2.105 0.046

L1228
2MASS J20584668+7740256 314.694891 +77.673875 111.7897 +20.1974 3979

−8 5.109 0.099 4.712 0.092
2MASS J20590373+7823088 314.765753 +78.385837 112.4115 +20.6066 33116

−13 4.741 0.191 2.085 0.189
2MASS J21005285+7703149 315.220237 +77.054169 111.3338 +19.7352 40014

−11 5.586 0.092 4.384 0.093
2MASS J21012919+7702373 315.370747 +77.043700 111.3465 +19.7019 3905

−4 5.297 0.032 3.801 0.032
2MASS J21012919+7702373 315.372805 +77.043769 111.3468 +19.7016 3615

−4 5.185 0.039 4.041 0.037
2MASS J21013097+7701536 315.379197 +77.031566 111.3374 +19.6931 31016

−10 4.883 0.144 6.045 0.146
2MASS J21013267+7701176 315.385687 +77.021545 111.3299 +19.6859 3725

−6 4.969 0.039 4.466 0.040
2MASS J21014960+7705479 315.456720 +77.096668 111.3299 +19.6859 3757

−8 5.097 0.067 4.193 0.068
2MASS J21020488+7657184 315.520565 +76.955170 111.2933 +19.6216 3711

−2 6.039 0.013 3.474 0.012
†2MASS J21030242+7626538 315.759650 +76.448351 110.9023 +19.2695 31819

−17 5.517 0.226 2.994 0.257
2MASS J21030242+7626538 315.761082 +76.448379 110.9025 +19.2692 3595

−5 5.580 0.046 2.498 0.069
2MASS J21055189+7722189 316.466412 +77.371980 111.7800 +19.7100 46617

−15 5.297 0.083 3.618 0.069

L1251
2MASS J22351668+7518471 338.819607 +75.313082 114.5620 +14.7206 3473

−2 6.770 0.025 1.375 0.024
2MASS J22352542+7517562 338.855984 +75.298960 114.5626 +14.7037 3375

−5 6.797 0.050 0.918 0.044
2MASS J22352722+7518019 338.863513 +75.300554 114.5652 +14.7041 3395

−5 6.940 0.055 0.841 0.056
2MASS J22381872+7511538 339.578072 +75.198277 114.6731 +14.5234 3494

−4 7.239 0.040 1.203 0.044
2MASS J22374953+7504065 339.456610 +75.068466 114.5776 +14.4271 3431

−2 6.373 0.016 0.819 0.019
2MASS J22392717+7510284 339.863479 +75.174575 114.7260 +14.4662 3403

−3 6.365 0.026 1.012 0.024
2MASS J22381522+7507204 339.563569 +75.122351 114.6302 +14.4597 3487

−5 6.752 0.074 0.643 0.075
2MASS J22382962+7514266 339.623507 +75.240739 114.7056 +14.5542 3319

−9 6.195 0.087 1.087 0.095
2MASS J22384046+7508413 339.668708 +75.144805 114.6660 +14.4655 3338

−9 6.250 0.110 1.133 0.123
2MASS J22391466+7507162 339.811230 +75.121196 114.6864 +14.4267 3426

−5 7.123 0.054 1.196 0.054
2MASS J22410470+7510496 340.269829 +75.180475 114.8221 +14.4196 3295

−5 6.500 0.052 1.197 0.052

Notes. Columns 1-5 give source names, right ascension, declination, Galactic longitude, and latitude. Columns 6-10 give the distances obtained
from the Bailer-Jones et al. (2021) catalog, µalpha? (=µαcos∂), µ∂, and the uncertainties obtained from the Gaia EDR3 (Gaia Collaboration 2021)
catalog. †There are two sources within 1′′ search radius.

Yuan et al. (2013). The filled circles and triangles in red in Fig. 2
show their results for L1172/1174. The median and median abso-
lute deviation (MAD), which are more robust against outliers, for
the distances µα? and µδ are 333± 6 pc, 7.473± 0.353 mas yr−1,
and −1.400± 0.302 mas yr−1, respectively. In Fig. 2, we also
draw ellipses with 3×MAD (darker shade) and 5×MAD
(lighter shade) for L1172/1174. Of the 19 sources found towards

L1172/1174, three sources are found to fall outside the ellipses
drawn with 5×MAD. These sources are shown using open
squares (µα?) and inverted triangles (µδ) respectively. Only
the sources that fall within the limit of 5×MAD ellipses are
considered for our study because these sources with the sig-
nificant values of proper motion and distance are considered
to be a member of the particular complex and the remaining
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Table 2. Gaia DR3 distances, proper motion and direction of magnetic field for L1147/1158, L1172/1174, L1228 and L1251 complexes.

Cloud D µα µδ µl? µb θmotion
pos θcloud

Bpos , θICMF
Bpos

complex (pc) (mas yr−1) (mas yr−1) (mas yr−1) (mas yr−1) (◦) (◦)

(1) (2) (3) (4) (5) (6) (7) (8)

L1147/1158 333± 1 7.764± 0.137 −1.672± 0.108 2.974 −7.520 158 183± 7, 186± 6
L1172/1174 333± 6 7.473± 0.353 −1.400± 0.302 3.646 −6.645 151 208± 11, 196± 23
L1228 371± 22 5.241± 0.274 3.921± 0.504 6.291 −1.962 107 84± 7, 88± 10
L1251 340± 7 6.752± 0.371 1.087± 0.116 6.273 −2.474 112 79± 6, 81± 6

Fig. 2. Proper motion vs. distance plot for stars towards L1147/1158
(blue symbols) and L1172/1174 (red symbols). The µα? and µδ are repre-
sented using circles and triangles, respectively. Sources listed in Table 1
for L1147/1158 and L1172/1174 are shown using blue-filled triangles and
circles and red-filled triangles and circles, respectively. The darker and
lighter shaded ellipses are drawn using 3×MAD and 5×MAD values
of the distance and the proper motions, respectively. The sources falling
outside of five times the MAD ellipse are shown by squares (µα?) and
inverted triangles (µδ).

ones are considered as outliers. The three sources identified in
the direction of L1147/1158 are also found to fall within the
5×MAD ellipses obtained for L1172/1174 cloud. These sources
are listed in Table 1.

The YSO candidates towards L1228 and L1251 are obtained
from the source list provided by Kun et al. (2009). We obtained
Gaia EDR3 data for 12 and 13 sources towards L1228 and L1251
respectively. The results are shown in Fig. 3 using the filled
circles and triangles in blue (L1228) and red (L1251) respec-
tively. The mean and the MAD values of the distance and the
proper motions µα? and µδ obtained for L1147/1158, L1172/1174,
L1228, and L1251 complexes are given in Cols. 2–4 of Table 2.
Two sources belonging to L1251 are found to fall outside the
ellipses drawn with 5×MAD which are identified using open
squares and inverted triangles in red (L1251). The sources that
fall within the 5×MAD ellipses towards L1228 (12) and L1251
(11) respectively are listed in Table 1.

There is evident clustering of the sources associated with
each cloud complex. It is also apparent that both L1147/1158

Fig. 3. Proper motion vs. distance plot for stars towards L1228 (blue)
and L1251 (red). The µα? and µδ are represented using circles and tri-
angles respectively. Sources listed in Table 1 for L1228 and L1251 are
shown using blue-filled triangles and circles and red-filled triangles and
circles, respectively. The darker and lighter shaded ellipses are drawn
using 3×MAD and 5×MAD values of the distance and the proper
motions, respectively. The sources falling outside of the 5×MAD
ellipse are identified using squares (µα?) and inverted triangles (µδ).

and L1172/1174 are located at similar distances from us even
though they are ∼2◦ apart in the sky. This implies that they are
spatially ∼10 pc apart. L1228, which is located at an angular dis-
tance of ∼10◦ away from both L1147/1158 and L1172/1174, is
slightly further away at ∼371 pc from us. This translates to a
spatial separation of ∼60 pc. The errors in the distances for two
sources in L1228 from Gaia EDR3 are higher as compared to
Gaia DR2 measurements. L1251, which is spatially at a sep-
aration of ∼6◦ away from L1228, is located at a distance of
∼340 pc. This cloud lies close to the complexes L1147/1158 and
L1172/1174. L1251 is also at a spatial separation of ∼10◦ away
from both L1147/1158 and L1172/1174. In Fig. 4, we show the
µα? and µδ values for L1147/1158, L1172/1174 (magenta + gray),
L1228 (blue), and L1251 (red). The median values are identi-
fied using dotted lines and the ellipses are drawn using 3×MAD
(darker shade) and 5×MAD (lighter shade). The square symbols
show the sources that fall outside the 5×MAD ellipses in Fig. 2
and hence are not considered in this study. In the proper motion
domain also, all but one source in L1148/57/72/74 fall within the
5×MAD ellipses in Fig. 4. There is clear clustering of sources,
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Fig. 4. Proper motion values of sources associated with L1147/1158,
L1172/1174, L1228 and L1251. The darker and lighter shaded ellipses
are drawn using three and five times the median absolute deviation val-
ues of the proper motions, respectively. The sources lying outside of the
five-times-MAD ellipse are identified using squares symbols.

implying that the YSO candidates associated with the clouds are
moving coherently in space.

In earlier studies, L1228 was considered to be a cloud lying
closer to us at a distance of ∼200 pc (e.g., Kun et al. 2008).
Kinematically, this cloud also differs from the rest of the clouds
belonging to the Cepheus Flare region. At least three centers of
star formation were identified towards L1228 (e.g., Kun et al.
2008). Recently, Zucker et al. (2020) estimated distances to the
molecular clouds by inferring the distance and extinction to stars
lying projected on the clouds using optical and NIR photometry
and the Gaia DR2 parallax measurements. Based on the results
of these latter authors, the distances provided for the regions
enclosed within the Galactic coordinates l ∼ 102◦–115◦ and
b ∼ 14◦–21◦ are found to be in the range of ∼330 pc to ∼380 pc.
This is relatively consistent with the distances estimated for the
four molecular clouds presented here using the YSO candidates
associated with the cloud, which is the most direct method for
estimating distances to molecular clouds.

Thanks to the Gaia mission, we now have parallax and
proper motion measurements for over 1 billion stars with
unprecedented accuracy. Though the high-resolution spec-
troscopy of stars can provide the measurements of radial velocity,
it is still not possible to obtain such measurements for YSOs as
they are typically fainter in magnitude. On the other hand, it
is not possible to measure the proper motion of the molecular
clouds as they are not point sources. Therefore, by combining
the proper motion measurements of the YSOs associated with a
particular molecular cloud, and by assuming that both the YSOs
and the cloud share the same motion – as such clouds are the
birth places of the YSOs –, we can determine the projected direc-
tion of motion of that molecular cloud in the plane of the sky.
The proper motions of the sources measured by Gaia are in the
equatorial system of coordinates. To understand the motion of
objects in the Galaxy, we need to transform the proper motion
values from the equatorial to the Galactic coordinate system
µl? = µl cos b and µb. We transformed the proper motion values

using the expression (Poleski 2013)[
µl?
µb

]
=

1
cosb

[
C1 C2
−C2 C1

] [
µα?
µδ

]
(1)

where the term cosb =
√

C2
1 + C2

2 and the coefficients C1 and C2

are given as

C1 = sinδG cosδ − cosδG sinδ cos(α − αG),
C2 = cosδG sin(α − αG). (2)

The equatorial coordinates (αG, δG) of the north Galactic pole
are taken as 192◦.85948 and 27◦.12825, respectively (Poleski
2013). The mean values of µl? and µb calculated for the YSO
candidates found towards the four cloud complexes are given
in Cols. 5 and 6 of Table 2. If we assume that the cloud and
the YSO candidates are expected to share similar kinematics as
a result of them being born inside the cloud, then the arrows
should also represent the motion of the clouds on the plane of
the sky. The presence of a reflection nebulosity around a number
of these YSO candidates provides evidence of their clear asso-
ciation with the cloud. The plane-of-the-sky component of the
direction of motion (θmotion

pos ) calculated using the mean values of
µl? and µb are given in Col. 7 of Table 2. The arrows drawn in
black in Fig. 5 show the sense of the motion of the sources on
the sky plane with respect to the Galactic north increasing to the
east.

We also computed the scale height of the complexes above
the Galactic plane which is 87 pc for L1147/1158, 79 pc for
L1172/1174, 121 pc for L1228, and 83 pc for L1251. All four
clouds are lying at a height in the range of 83–121 pc with the
furthest being L1228 which is located at a height of ∼121 pc
above the Galactic midplane. These displacements above the
Galactic plane are larger compared with the rms Z-dispersion of
the clouds located within 1 kpc (∼80 pc; Dame et al. 1987; Cox
2005).

3.2. Motion of the cloud complexes with respect to the
magnetic field

The plane of the sky magnetic field (Bpos) vectors obtained from
the Planck polarization measurements of the region contain-
ing all four complexes studied here are shown in Fig. 5. The
Bpos vectors are overplotted on the Herschel column density
maps. The outermost contour drawn in Fig. 5 corresponds to a
column density of 1× 1021 cm−2. This corresponds to an extinc-
tion of AV ≈ 0.5 magnitude determined using the relationship
between the column density and the extinction derived by Draine
(2003) for the RV = 3.1 extinction law. While the vectors lying
within the contour are considered as providing information on
the cloud Bpos, the ones lying outside are considered as pro-
viding information on the ambient or inter-cloud magnetic field
(ICMF) orientation surrounding each cloud. The Bpos vectors
lying within (Bcloud

pos ) and outside (BICMF
pos ) of this contour are iden-

tified separately using the lines drawn in red + white and white
colors respectively.

We find no significant difference between the distributions
of Bcloud

pos and BICMF
pos vectors in L1147/1158, L1228, and L1251,

which is very much evident from Fig. 5 also. This implies that
the clouds are threaded by the ambient magnetic fields. We find
a change in the orientation of the Bcloud

pos and BICMF
pos vectors of

L1172/1174 which is more prominent as we move to the south and
southeast of the cloud. The orientation of the Bcloud

pos and BICMF
pos for
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Fig. 5. Planck polarization vectors (white) plotted over the column density maps of the clouds produced using the Herschel images. The vectors
identified with the red+white vectors correspond to a column density of 1× 1021 cm−2 which are considered to represent the cloud magnetic field
geometry. The arrow drawn in black shows the direction of motion of the clouds. The thick lines drawn in red and cyan are the mean value of the
cloud and the background magnetic field orientations, respectively.

the clouds is obtained by calculating the median value of all the
vectors lying within and outside of the 1× 1021 cm−2 contour.
The values of θcloud

Bpos and θICMF
Bpos thus obtained are listed in Col. 10

of Table 2. The θcloud
Bpos and the θICMF

Bpos determined for the clouds are
shown using thick lines in red and cyan in Fig. 5.

3.2.1. L1147/1158

In L1147/1158, we noted that the cloud complex has strik-
ingly sharp edges to its southern side which is the side facing
the Galactic plane. The sharp edges of the southern side of
L1147/1158 were also noted by Harjunpaa et al. (1991). The
projected direction of motion of L1147/1158 is found to be
∼157◦ with respect to the Galactic north. Our results imply that
L1147/L1158 is moving towards the Galactic plane. Interestingly,
the sharp edges are developed towards the leading edge of the
cloud motion. It is possible that these sharp edges are created as
a result of the interaction of the cloud with the ambient medium
through which it is traveling. The projected magnetic field orien-
tations found inside and outside the cloud boundary are found to
be at an angle of 183± 7◦ and 186± 6◦, respectively. The direc-
tional offset between the inner and outer magnetic fields is found
to be 3◦. The projected offsets between the direction of motion
of the cloud and the magnetic field orientation inside and out-
side the cloud boundary are 26◦ and 29◦ respectively. Thus the

projected motion of the cloud is almost aligned with the ambient
magnetic field direction.

3.2.2. L1172/1174

L1172/1174, which seems to be both spatially and kinematically
associated with L1147/1158, shows a significant difference in
the projected magnetic field orientation especially in its north-
ern and southern regions. The field orientation to the north of
L1172/1174 is consistent with the field orientation seen towards
L1147/1158. However, it is to the southeastern side of L1172/1174
that the magnetic field orientation becomes more complex. The
projected magnetic field orientations inside and outside of the
cloud are 208± 11◦ and 196± 23◦ respectively. The directional
offset between the inner and outer magnetic fields in L1172/1174
is found to be 12◦. The complex magnetic field orientation in the
vicinity of the complex is evident from the relatively high disper-
sion (higher by a factor of two to three compared to the values
found towards the other three clouds) found for the field vectors
lying outside the cloud. Similar to L1147/L1158, L1172/1174 is
also found to be moving towards the Galactic plane. The pro-
jected direction of motion of L1172/1174 is estimated to be 151◦,
which is relatively consistent with the direction of the motion of
L1147/1158. Thus, the offsets between the direction of motion of
the cloud and the magnetic field orientations found inside and
outside of the cloud are 57◦ and 45◦ respectively.
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3.2.3. L1228

Among the four clouds studied here, L1228 is located at the
farthest distance from the Galactic midplane, namely ∼121 pc.
The direction of motion of L1228 is found to be at an angle of
107◦ with respect to the Galactic north. The projected orienta-
tion of the magnetic field inside and outside of L1228 are found
to be 84± 7◦ and 88± 10◦ respectively. We find an offset angle
between the inner and outer magnetic fields in L1228 of 4◦. The
projected direction of motion is at an offset of 23◦ and 19◦ with
respect to the projected magnetic fields within and outside of the
cloud, respectively.

3.2.4. L1251

L1251 is an elongated cloud with a remarkable cometary mor-
phology, which is believed to have been formed as a consequence
of its interaction with a supernova bubble as described by
Grenier et al. (1989). The elongation of the cloud is in the
east–west direction. Two IRAS point sources, associated with
molecular outflows, are located in the eastern head region of the
cloud while no sign of current star formation was identified in
the western region which forms the tail of the cloud (e.g., Kun
et al. 2008). Based on the morphology of the cloud produced
using the extinction maps generated from the star counts, Balázs
et al. (2004) suggested that the cloud resembles a body flying
at hypersonic speed across an ambient medium. The projected
direction of motion of the cloud is found to be 107◦. The pro-
jected orientation of the magnetic field inside and outside of
L1251 is found to be 79± 6◦ and 81± 6◦, respectively, and the
angular offset between the two fields is 2◦. The offset between
the projected directions of the motion of the cloud and the inner
and the outer magnetic fields are 28◦and 26◦. It is interesting
to note that, at the same time, the cometary morphology of the
cloud is oriented parallel to the direction of motion.

The inner and outer magnetic fields in all the four clouds
are found to be parallel to each other, suggesting that the inner
magnetic fields are inherited from the ambient fields and that the
formation of the clouds has not significantly affected the cloud
geometries. In a magnetic-field-mediated cloud-formation sce-
nario, the field lines guide the material (Ballesteros-Paredes et al.
1999; Van Loo et al. 2014; Dib et al. 2010) to form the filamen-
tary structures that are expected to be oriented perpendicular to
the ambient magnetic fields which then undergo fragmentation
to form cores (Polychroni et al. 2013; Könyves et al. 2015; Dib
et al. 2020). As the accumulation of the material is helped by the
magnetic field lines, the ICMF direction is expected to be pre-
served deep inside the cores (Li et al. 2009; Hull et al. 2013; Li
et al. 2015), leading to a parallel orientation between the ICMF
and the core magnetic field.

The magnetic field lines aligned with the cloud motion were
studied in 2D numerical simulations by Mac Low et al. (1994).
These authors showed that the magnetic fields help to stabilize
the cloud against disruptive instabilities. Also using 2D numer-
ical simulations, Miniati et al. (1999) explored the effect of a
uniform magnetic field in oblique orientation with respect to a
moving interstellar cloud. These latter authors carried out the
study for several values of inclination ranging from the aligned
case to the transverse case, for several values of Mach num-
ber and density contrast parameter, which is the ratio between
the cloud and the ambient density. These authors found that for
angles of greater than 30◦, the magnetic field lines get stretched
and tend to wrap around the cloud, amplifying the magnetic field
significantly at the expense of the kinetic energy of the cloud.

In all the clouds, the field orientations are smooth and well
ordered. In L1148/1157, L1228, and L1251, the offsets between
the projected direction of the motion and the projected magnetic
fields are .30◦. No draping of the magnetic fields towards the
leading edges of the clouds are seen even in the case of the
cometary cloud L1251. However, the offset between the pro-
jected direction of the motion and the projected magnetic fields
in L1172/1174 is &30◦ and one would expect amplification of the
field strength towards its leading edge. Among the four clouds
studied here, L1172/1174 is the only cloud that shows an appar-
ent hub–filament structure, forming a massive star, HD200775,
and a sparse cluster in the hub. It is interesting to note that in
L1172/1174, the deviation in magnetic field as we move from
L1147/1158 occurs at the location of the cloud, and then as we
move towards the eastern/southeastern sides of L1172/1174, the
field geometry becomes complex. It could be possible that a large
offset between the cloud motion and the magnetic fields might
has helped the cloud to amass material quickly and initiate the
formation of the massive star. Whether the modification of the
magnetic fields occurred because of the formation of the cloud
or the bend in the magnetic field facilitated the formation of the
cloud is unclear.

3.3. Magnetic field strength

It is also useful to estimate the magnetic field strength in the
four clouds. We used the Davis-Chandrasekhar & Fermi (DCF)
(Davis 1951; Chandrasekhar & Fermi 1953) method for the cal-
culation of the plane-of-sky magnetic field strength. The DCF
method is given as,

Bpos = 9.3 ×
√

nH2

cm−3 ×
∆v

km s−1 ×
(∆φ

1◦
)−1
, (3)

where ∆v is the velocity dispersion or the full width at half max-
imum (FWHM) of the spectral line in units of km s−1 , nH2 is the
volume density, and ∆φ is the dispersion in polarization angles
which is calculated using Stokes parameters as follows:

∆φ =

√
〈(∆ψ)2〉, (4)

∆ψ =
1
2

arctan(Q〈U〉 − 〈Q〉U,Q〈Q〉 + 〈U〉U), (5)

where 〈Q〉 and 〈U〉 are the average of the stokes parameters over
the selected pixels (Planck Collaboration Int. XIX 2015).

We obtain the velocity dispersion from the most complete
CO survey done using the NANTEN telescope, which obtains
the spectrum at every one-eighth of a degree across the molecu-
lar cloud with a velocity resolution of 0.24 km s−1 . Considering
the large difference between the beam size of CO and Planck
data, we selected only those positions in the cloud where
|U|/σU > 3 and |Q|/σQ > 3. This analysis has been adopted from
Planck Collaboration Int. XXXV (2016). The number density
used in the calculation requires the assumption of a particular
cloud geometry for all four clouds, which results in the additional
uncertainties. Here, for simplicity, we assume a number density
of 100 cm−3 for all the clouds, which is a typical value for the
molecular clouds studied here (Draine 2011). The dispersion in
the polarization angles (∆φ) using the stokes parameters at the
chosen pixels is 5◦–13◦ and the mean velocity width (FWHM)
using 12CO observations is 2.1–2.7 km s−1 . Only those spec-
tra that show a single Gaussian at the selected positions from
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Stokes parameter maps were chosen. As there is higher disper-
sion in polarization angles in the case of L1172/1174 over the
head part due to the presence of the star HD 200775, we took
into account the polarization angles over the tail part of the cloud
where the dispersion is due to small-scale variations. The values
of the magnetic field strength calculated in the four clouds are
23, 18, 26, and 44µG for L1147/1158, L1172/1174, L1228, and
L1251, respectively. The typical uncertainties in the estimation
of magnetic field strength are ∼0.5Bpos as found in earlier stud-
ies (Crutcher 2004; Planck Collaboration Int. XXXV 2016). This
implies that the calculated values of magnetic field strength in all
the clouds are comparable within the uncertainty.

3.4. Relative orientations of clumps, magnetic field, and
motion of the clouds

The clumps extracted by Di Francesco et al. (2020) in all the
four clouds are mostly associated with the filamentary structures
which is consistent with the results obtained from the Herschel
Gould Belt Survey (André et al. 2010, 2014; Könyves et al. 2010).
Theoretically, this association is interpreted as the longitudi-
nal fragmentation of thermally supercritical filaments into cores
(e.g., Inutsuka & Miyama 1992, 1997). However, in the presence
of turbulence, the filaments cease to become quiescent structures
in which perturbations grow slowly. In the case where the clouds
are in motion through the ambient ISM, as in the four clouds
studied here, they interact with it, generating turbulence in the
cloud structure (Mac Low et al. 1994; Jones et al. 1996; Miniati
et al. 1999; Gregori et al. 1999, 2000). Under this scenario, we
made an attempt to examine the properties of the clumps associ-
ated with these clouds with respect to the directions of the θcloud

Bpos

and θICMF
Bpos and the projected direction of their motion, θmotion

pos .
The distribution of the aspect ratio of the identified clumps in
each cloud is shown in Fig. 6. The clumps in all the clouds show
the whole range of aspect ratios from 0.3 to 0.8. The majority
of the cores in all panels (∼75%) show aspect ratios of greater
than 0.5, which implies that a higher number of sources exhibit
a less flattened geometry. As this study is based on projected
maps, the lower flattening of cores could also be a consequence
of projection effects from the 3D to 2D plane (Chen et al. 2020).

On the basis of the ratio of the mass of the Bonner-Ebert
(BE) sphere (Bonnor 1956; Ebert 1955) and the mass of the
core (Mcore/MBE), the whole sample of four clouds was clas-
sified into prestellar and starless cores by Di Francesco et al.
(2020). The cores with a ratio of less than two are considered
as starless cores, whereas the ones with a ratio of higher than
two are considered as gravitationally bound, termed as candi-
date prestellar cores, and may collapse to form stars. Assuming
the different evolution of the cores in their prestellar and starless
stages, we showed their respective distribution separately. The
starless cores, being gravitationally unbound, are at an earlier
stage of evolution and tend to be more elongated and less spheri-
cal in shape compared to the prestellar core evolution. We filtered
out the sources with an aspect ratio of less than 0.8 in order to
consider only elongated or asymmetric sources. The final sam-
ple of prestellar and starless sources for L1147/1158 following
this selection is 46 and 75; for L1172/1174 it is 38 and 83; for
L1228, it is 54 and 115; for L1251, it is 69 and 89. We notice that
a greater number of prestellar cores get filtered out as compared
to starless cores, which implies that the prestellar cores are more
spherical as compared to the starless sample in all four clouds.

We used the position angles of major axis for all the
cores extracted from the high-resolution column density map
at 18.2′′ resolution (Di Francesco et al. 2020). The offset

Fig. 6. Histogram of the aspect ratios of the clumps extracted from the
four clouds.

angles, ∆θ
clump
Bcloud = θ

clump
pos − θcloud

Bpos , ∆θ
clump
BICMF = θ

clump
pos − θICMF

Bpos , and

∆θ
clump
motion = θ

clump
pos − θmotion

pos are calculated. We only show ∆θ
clump
Bcloud

here because the values of ∆θ
clump
BICMF and ∆θ

clump
Bcloud are compara-

ble within the uncertainties. This shows that the direction of the
magnetic field is preserved from cloud to inter-cloud scales. The
distributions of ∆θ

clump
Bcloud for all four clouds are shown in Fig. 7

on the left, whereas ∆θ
clump
motion is shown on the right. Towards

L1147/1158, for the prestellar cores, the major axis of the clumps
is oriented in the range of 30◦–60◦ with respect to the ICMF
and the inner magnetic fields. In the case of starless cores, both
∆θ

clump
BICMF and ∆θ

clump
Bcloud are found to lie mostly ≤30◦. The starless

cores show a preferred parallel orientation with respect to the
magnetic field. In L1172/1174, the orientation of the major axis
of the clumps is random compared to that of the cloud magnetic
field and the ICMF. Of 38 prestellar cores, the distribution is 11,
14, and 13 clumps, with ∆θ

clump
Bcloud < 30◦, 30◦ < ∆θ

clump
Bcloud 6 60◦,

and ∆θ
clump
motion > 60◦, respectively. Of the 83 starless clumps iden-

tified in L1172/1174, 30, 29, and 24 are present in three ranges
implying a uniform distribution. The pattern of ∆θ

clump
BICMF is also

found to be similar to that of ∆θ
clump
Bcloud. In L1228, the offsets

∆θ
clump
BICMF and ∆θ

clump
Bcloud show a preferred direction around 40◦–60◦

with a higher number of 20 (37%) sources in this specific range.
On the contrary, the distribution is random for the starless cores
showing a lack of any preferred orientation. For L1251, there
is again a random distribution for starless as well as prestellar
cores.

In L1147/1158, the offsets for prestellar cores between the
clump major axis and the motion of the cloud, ∆θ

clump
motion, are

random, whereas in starless cores, a greater number of cores
lie ≤30◦, implying that more clumps are parallel to the pro-
jected direction of motion. In L1172/1174, out of 38 prestellar
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Fig. 7. Left (two columns): histograms of the offsets for all four clouds between θclump
pos with respect to θcloud

Bpos (blue). Right (two columns): θclump
pos with

respect to θmotion
pos .
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Fig. 8. Upper row: histogram of the offsets between the inner or outer magnetic field and the clump orientation. Bottom row: histogram of the
offsets between the direction of motion and the clump orientation.

clumps, the offsets show a bimodal distribution with 17 clumps
lying at <30◦and 14 at >60◦. The offsets in starless cores lie
mostly at less than 30◦, which implies that the clumps are pre-
dominantly parallel to the direction of motion. In L1228, the
distribution of ∆θ

clump
motion for prestellar cores seems to be more ran-

dom while for starless cores, there is a preferred orientation with
a greater number of clumps lying within the range of 30◦–60◦.
In L1251, out of 69 prestellar clumps, 26 (38%) show the val-
ues of ∆θ

clump
motion ≤30◦ implying that the major axis of the clumps

are aligned with the direction of the motion of the cloud. In fact,
the cloud also shows a blunt head and a tail which is filamentary
and is aligned almost parallel to the direction of motion. It is also
important to notice here that the major axis of the majority of the
clumps is also aligned along both the filament and the direction
of motion of the cloud. Of 80 starless clumps, the offset dis-
tribution shows a clear bimodal trend where 36 (45%) sources
lie below 30◦and 27 (33%) sources are oriented at greater
than 60◦.

As mentioned in Sect. 2.3, to check any dependency on the
nature of the source-extraction method, we used Astrodendro to
extract the clumps in all four clouds. The parameters used for the
extraction are discussed in Sect. 2.3. We derived their proper-
ties like the right ascension and the declination of the identified
clumps, their effective radius, major and minor axis, and the
position angle of the major axis of the clumps (θclump

pos ). The ref-
erence is taken from Galactic north counter-clockwise although
the position angle in the Astrodendro is given from the positive
x-axis increasing counter-clockwise. We extracted 352 clumps

in each of L1147/1158 and 295 in L1172/1174, 437 in L1228, and
345 in the L1251 complex. After applying all the selection cri-
teria on the size and the aspect ratio mentioned in Sect. 2.3, the
final number of clumps is 296 in L1147/1158, 259 in L1172/1174,
386 in L1228, and 302 in the L1251 cloud complex. While deriv-
ing the sources, we ignored those that are artifacts at the edges in
the column density maps. The derived clumps from each cloud
are identified in Fig. 5 using ellipses in white.

Figure 8 shows the distribution of the offsets derived using
the Astrodendro method for the whole sample without classi-
fication. The correlation of the clump orientation with respect
to the magnetic field for all four clouds is shown in the upper
panel and the clump orientation with respect to the direction
of motion is shown in the lower panel. In L1147/1158, the dis-
tribution of ∆θ

clump
BICMF and ∆θ

clump
Bcloud is bimodal although it has

preferential alignment of being perpendicular with more clumps
at >60◦. In L1172/1174, L1228, and L1251, the offsets are ran-
dom. In L1147/1158, the distribution of the offsets of the clump
major axis with respect to the motion of the cloud show more
clumps in the range 0◦–30◦. Similarly, in L1172, the distribution
of ∆θ

clump
motion shows a marginal bimodal trend. In L1228, the offsets

in the range >60◦ have the largest number of clumps, suggesting
that the clumps tend to be more perpendicular to the direction of
motion. In the comet-shaped cloud L1251, the offset distribution
shows a bimodal distribution with either parallel or perpendicu-
lar orientations. There are 130 clumps lying at <30◦, 92 clumps
lying in the range 30◦< ∆θ

clump
motion ≤60◦, and 82 clumps having

offsets of >60◦.
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Having derived the histograms of the offsets for the elon-
gated clumps using two different source-extraction methods, we
checked for the common sources. By putting a condition between
the centroid positions of the clumps as three times the beam
width, we checked for the matching sources from both meth-
ods. The percentage of common sources for both the methods
within this condition has been found to be 70%, 80%, 86%,
and 88% for L1147/1158, L1172/1174, L1228, and L1251, respec-
tively. We find that the correlation of the core orientation with
the magnetic field and the direction of motion does not follow
any systematic trend with either method. The random distribu-
tion of the offsets of major axis with respect to magnetic field and
the direction of motion in all four clouds suggests that the core
orientation depends on the individual cloud magnetization and
the local dynamics. It is important to keep in mind that the anal-
yses presented here were carried out on 2D projected maps and
therefore the projection from 3D to 2D plane could also affect
the measured core morphology. Analyses presented by various
authors (Chen et al. 2020; Poidevin et al. 2014) have also sug-
gested that the relative orientation of the cores with respect to
the magnetic field is random in nearby star-forming regions like
Lupus I, Taurus, Ophiuchus, and Perseus clouds.

4. Conclusions

We present results of a study conducted on four molecular cloud
complexes situated in the Cepheus Flare region, L1147/1158,
L1172/1174, L1228, and L1251. Using the Gaia EDR3 data for
the YSOs associated with these clouds we estimate distances
of 371± 22 pc and 340± 7 pc for L1228 and L1251, respec-
tively, implying that all four complexes are located at similar
distances from Earth. Using the proper motions of the YSOs
with the assumption that the clouds and the YSOs are kinemati-
cally coupled, we estimated the projected direction of the motion
of the clouds. The clouds are found to be in motion at an off-
set of ∼30◦ with respect to the ambient magnetic fields inferred
from the Planck polarization measurements except in the case of
L1172/1174 in which the offset is ∼45◦. The inner and outer mag-
netic field orientations are found to be nearly parallel suggesting
that the cloud magnetic fields are inherited from the ICMF.

In L1147/1158, the major axes of the starless clumps are
found to be oriented predominantly parallel to both ICMF and
cloud magnetic fields while this orientation is around 40◦ for
prestellar cores. In L1172/1174, the major axes of the clumps are
found to be aligned more randomly with respect to the field lines
for both starless and prestellar clumps. In L1228 and L1251, the
offsets between the major axis of the clumps and the field lines
are found to be more random for starless clumps, whereas the
offsets are overall more around 40◦-80◦for prestellar clumps. It
is possible that the different preferred alignments or the random
distribution of the major axis of the cores are related to the local
magnetized properties of each cloud.

With respect to the motion of the clouds, there is a marginal
trend of the major axis of the prestellar clumps to be more par-
allel in L1251 and to follow a bimodal distribution for starless
clumps. For L1158, starless clumps are oriented closer to paral-
lel but this orientation has a random distribution for prestellar
clumps. In L1172/1174, the major axis for starless cores are ori-
ented more randomly whereas for prestellar clouds, major axis
follows a roughly bimodal distribution. In L1228, both the star-
less and prestellar cores show a random distribution in this
orientation. The preferred alignment of core orientation with
respect to the direction of motion in these clouds suggests that

the projected direction of motion could be a regulator of the core
dynamics.
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