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Bipolar bubbles are the natural outcome result from the
anisotropic expansion of I-fronts in a filament

Blue: neutral
Red: Ionized
Star: O-type

Filament => HII region => bipolar bubble
(2D HD simulations: Bodenheimer+ 1979; Deharveng+ 2015)

What is the influence of B-fields (pervading the

filament) on the expansion of I-fronts and bipolar
bubbles?



Influence of B-fields on expanding

e . => Introduce anisotropic pressure
ionization fronts
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I-front ==> accelerated ==> hindered

Eg., Galactic bubbles of
young HII regions elongated
along the Galactic B-fields.
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(Pavel & Clemens 2012)
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Red: Radio emission (1.42 GHz) from CGPS)
Torquoise: Spitzer/IRAC 8 micron (PAHs emission)
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Sh2-201

* (Deharveng et al. 2012)

Our target: Sh201

located in W5 star forming region;
Distance ~2 kpc

(Deharveng et al. 2012)

Earlier it was a large scale™

" filament
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Distribution of YSO’s in' W53 circle: cldss T

Plus: ionizing sources; backgrguind: Herschel
F L. 250um map



SCUBAPOL.2 observations

Proposal: M17BP041
POL.2 observations were acquired: 18 Nov 2017
Total time: 1.5 hrs
Total MSBs: 3 (each with 30 min)

chematic of i “

(Deharveng+ 2012)




(Deharveng+ 2012)
E Results

- B-field map in the denser parts of
. Sh201
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Criteria: P/DP>2, 1I/DP>10
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B-fields exhibiting bow-like structure - shaped by the HII region
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Background image: 850micron continuum — JCMT/SCUBA2

Blue contours: VLA 21 cm continuum
Plus mark: Ionizing star 06-0O8 (Ojha+ 2004)



B-fields at the foot-points seem to be well connected with the
bipolar structure

To understand
importance of B-fields

active/passive?

Estimate
B field strength
B-field pressure
Turbulent pressure
Thermal pressure

o
=
o
™~
=
U
@
(]

WISE 22um (red), 12um (green),
+60°24°00° and 4.6um (blue)
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Distribution of B-fields
in clump 1 & 2

Multiple components
1) 0-50 deg
2) 100 deg
3) 150 deg
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Dispersion 21 deg
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Distance (pc)

(A (D) ior — 0y (D) = b* + m* 1
Hildebrand+ 2009

Distance (pc)

(BHV: b

B, > — B2

Clump1 = 0.27+0.01
Clump2 = 0.27+/-0.06




Clump 1

h=4.2810.03 K
c=-37.92+0.01 km/s
c=1.03+0.01 km/s
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h=3.4710.03 K
¢c=-37.64+0.01 km/s
c=1.15+0.01 km/s
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Velocity dispersion using
archival JCMT/HARP

13CO (3-2)
Clump1: 1.03 km/s
Clump2: 1.15 km/s




0.35’x0.45’~0.23pc

0.45°~0.26pc

column density map

Contours: 1e+21 to ~4e+22 cm-2
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(Kauffmann et al. 2008)
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Number density

Column density from 850um

intensity map

Number density:
n(H2)=[>N(H2) * Al/[4/3*pi*r’]
Clump 1: 1.22e+4 cm-3
Clump 2: 0.60e+4 cm-3
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Td=26 K (Deharvang et al. 2012)
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Te = 8302 K (Balser+ 2011)
=7070 K (Omar 2002)
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Fig. 1. Radio continuum map of S201 at 1.4 GHz. The contour levels equivalent t() 09.5V
are at 2.3E-04 x (3, 6, 12, 23, 48, 96, and 202) Jy/beam, where 2.3E-04

Jy/beam is the rms noise of the map. The beam of the map is shown in
lower-left corner of the figure and is 16"x 12”.

Thermal pressure P=2n_x k xT,
VLA 21 cm radio map = 20x10"" dyn cm?

(Eswaraiah et al. in prep)



Various parameters of two clumps of Sh201

Table 6: Various parameters of the two clumps of Sh2-201.

parameter Clump 1 Clump 2
mean N(Hs) (10°* em ™ #) 1.33 0.58
radius (pc) (.26 0.23
n(Hs) (x10%) (cm™9) 1.22 0.60
Mass (M) 73
ov, . (km/s) (CO) 1.03 1.15
gy (stucture function) 21 21
B-field strength (DCF) (uG)
Py (x107") (dyn em™*)
Frurn (}1071Y) (dyn em™#)
Pp/ Prurb |
iher (X1071Y) (dyn cm—2)
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B-field strength: B = Q /4mp ( ””) Magnetic pressure > Turbulent pressure

”“’

B-field pressure: Pg = B?/87

-~ Magnetic pressure > Thermal pressure
lurbulent pressure: P = potub

2

Thermal pressure: FPiper =~ 2n.kT5.

(Eswaraiah et al. in prep)




Summary

B-fields
— Traced at the dense clumps (foot points) in the filament of S201
— Strong enough to redirect the expanding I-fronts
— Active (rather than being passive)
— Introduce aniosotropy on expanding I-fronts to form bipolar bubbles

Need to be done
— Compare observed B-field map with RMHD models
(Mackey & Lim 2011a, 2011b, 2013)
— Polarization vs. Intensity relations, comparison with other regions
— Comparison among the gradients of Intensity, Velocity, and B-fields
— Comparisons among clump/core geometry with B-fields
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