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星形成における「強い磁場」vs. 「弱い磁場」論争
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Mouschovias, 1976; Nakamura & Li 2008

Hartmann et al. 2001; Padoan & Nordlund, 2002; Mac Low & Klessen 2004

P. Palmeirim et al.: Herschel view of the Taurus B211/3 filament and striations: evidence of filamentary growth?

Fig. 3. a) Herschel/SPIRE 250 µm image of the B211/B213/L1495 region in Taurus. The light blue and purple curves show the crests of the
B213 and B211 segments of the whole filament discussed in this paper, respectively. b) Display of optical and infrared polarization vectors from
Heyer et al. (2008), Heiles (2000), and Chapman et al. (2011) tracing the magnetic field orientation in the B211/L1495 region, overlaid on our
Herschel/SPIRE 250 µm image. The plane-of-the-sky projection of the magnetic field appears to be oriented perpendicular to the B211/B213
filament and roughly aligned with the general direction of the striations overlaid in blue. The green, blue, and black segments in the lower right
corner represent the average position angles of the polarization vectors, low-density striations, and B211 filament, respectively.

and most of the compact cores. Figure 2 shows that the B211
filament is surrounded by a large number of lower-density fila-
ments or striations which are oriented roughly perpendicular to
the main filament. It is important to stress that the striations can
also be seen in the original maps (cf. Figs. 1a and 3a) and that
the curvelet transform was merely used to enhance their con-
trast. Some of these striations are also visible in the 12CO(1–0)
and 13CO(1–0) maps of Goldsmith et al. (2008) at 4500 resolu-
tion. Following André et al. (2010), the column density map of
Fig. 2 was also converted to an approximate map of mass per
unit length along the filaments by multiplying the local column
density by the characteristic filament width of 0.1 pc (see color
scale on the right of Fig. 2). It can be seen in Fig. 2 that the
mass per unit length of the main B211 filament exceeds the ther-
mal value of the critical line mass, Mline,crit = 2 c2

s/G, while the
mass per unit length of the striations is an order of magnitude be-
low the critical value. Assuming that the non-thermal component
of the velocity dispersion inside the filaments is small compared
to the sound speed, as suggested by the results of millimeter line
observations (see Hacar & Tafalla 2011, for the L1517 filament
and Arzoumanian et al., in prep.) we tentatively conclude that
the whole B211 filament is gravitationally unstable, while the
perpendicular striations are not.

3.1. A bimodal distribution of filament orientations

To analyze the distribution of filament orientations in a quantita-
tive manner, we applied the DisPerSE algorithm (Sousbie 2011)
to the original column density map (Fig. 1a), in order to produce
a census of filaments and to trace the locations of their crests.
DisPerSE is a general method based on principles of computa-
tional topology and it has already been used successfully to trace

the filamentary structure in Herschel images of star-forming
clouds (e.g., Arzoumanian et al. 2011; Hill et al. 2011; Peretto
et al. 2012; Schneider et al. 2012). Using DisPerSE with a rel-
ative “persistence” threshold of 1021 cm�2 (⇠5� in the map –
see Sousbie 2011 for the formal definition of “persistence”) and
an absolute column density threshold of 1–2 ⇥ 1021 cm�2, we
could trace the crests of the B211 filament and 44 lower density
filamentary structures (see Fig. 3). Due to di↵ering background
levels on either side of the B211/3 filament (see Fig. 1a), we
adopted di↵erent column density thresholds on the north-eastern
side (2⇥1021 cm�2) and south-western side (1021 cm�2). The re-
sults of DisPerSE were also visually inspected in both the origi-
nal and the curvelet column density map, and a few doubtful fea-
tures discarded. The mean orientation or position angle of each
filament was then calculated from its crest (see Appendix A of
Peretto et al. 2012, for details). Figure 4 shows the resulting his-
togram of position angles. In this histogram, the low-density stri-
ations are concentrated near a position angle of 34� ±13�, which
is almost orthogonal to the B211 filament (PA = 118� ± 20�).
Interestingly, the position-angle distribution of available opti-
cal polarization vectors (Heiles 2000; Heyer et al. 2008), which
trace the local direction of the magnetic field projected onto the
plane-of-sky, is centered on PA = 26�±18� and thus very similar
to the orientation distribution of the low-density striations (see
Fig. 4). Figure 3b further illustrates that the low-density stria-
tions are roughly parallel to the B-field polarization vectors and
perpendicular to the B211 filament.

3.2. Density and temperature structure of the B211 filament

Using the original column density and temperature maps derived
from the Herschel data (see Appendix A), we produced radial
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The Filament Paradigm



磁化乱流フィラメントにおける分子雲コアの形成
Furuya et al. 2014, see also Arzoumanian et al. 2013

NIR pol.:Poidevin & Bastien 2006, NH3 cores: Furuya et al. 2008                                            

磁化乱流フィラメントにおける分子雲コアの形成
Furuya et al. 2014

0.1-0.01pc scale B-fields：Ordered fields

Girart et al. 2010

Ching et al. 2016

Hourglass-shaped B-fields 

Qiu et al. 2014

Helical B-fields 

Low-Mass  YSOs High-Mass  YSOs

Hull et al. 2013 Zhang et al. 2014

0.1-0.01pc scale B-fields：Chaotic fields?

Low-Mass  YSOs High-Mass  YSOs
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See also Chapman et al. 2013 for low-mass YSOs



Multi-scale B-fields towards Serpens Main

Hull et al. 2017a, 2017b

本研究の狙いと究極のゴール
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A JCMT Large Program 

Ｂ-fields In STar forming Region Observations 
D. Ward-Thompson et al., 448 hrs over 5 yrs  

124 members from Japan, Korea, China, Taiwan, Canada, and UK 

29 members from Japan led by T. Hasegawa 

RSF serves as an international “Liaison”

The SCUBA2 and POL2 system on JCMT

2516 W. S. Holland et al.

Figure 2. Optical layout for SCUBA-2 from the tertiary mirror to the detector arrays inside the cryostat. The beam envelope, shown in red, is a combined
ray trace of the on-axis and two extremes of the field of view for this projection of the optics. The arrow shows the direction of light propagation. Mirror N3
is located just inside the cryostat window, whilst mirrors N4 and N5 relay the optical beam into the array enclosure (‘1-K box’) which houses the focal plane
units (FPUs).

Figure 3. The measured SCUBA-2 bandpass filter profiles at 450 (blue
curve) and 850 µm (red), superimposed on the atmospheric transmission
curve for Mauna Kea for 1 mm of precipitable water vapour (PWV; grey
curve). The atmospheric transmission data are provided courtesy of the
Caltech Submillimeter Observatory.

shield, a multilayer insulation blanket and a radiation shield op-
erating at ∼50 K. These provide radiation shielding for the main
optics box, that houses the cold re-imaging mirrors at ∼4 K. The
radiation shield and optics box are cooled by a pair of pulse-tube
coolers (Section 2.5). The main optics box provides the support for
the three cold mirrors and the 1 K enclosure (‘1-K box’). Mounted
within the 1-K box are the two focal plane units (FPUs) that con-
tain the cold electronics and the detector arrays. The still and the
mixing chamber of a dilution refrigerator (DR) cool the 1-K box
and arrays, respectively (Section 2.5). The 1-K box and the outer
casing of each FPU are also wrapped in superconducting and high
magnetic permeability material (Hollister et al. 2008a; Craig et al.
2010).

2.4 1-K box and focal plane units

The removable 1-K box creates the required environment for the
detector arrays (Woodcraft et al. 2009). In addition to radiation
shielding, it provides a cold-stop aperture at the entrance to help
minimize stray light. Furthermore, it gives mechanical support for
magnetic shielding, a cold shutter (used to take dark frames), filters
and the dichroic that splits the incoming beam on to the two focal
planes. The 1-K box consists of an outer shell with aluminium
alloy panels that hold the high-permeability material for magnetic
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The SCUBA2 and POL2 system on JCMT

Ｂ-fields In STar forming Region Observations
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磁場と偏光：光赤外吸収偏光とサブミリ波放射偏波
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BISTRO Results: OMC1
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Ward-Thompson et al. 2017      Pattle et al. 2017
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5. ຎͷͳ͍ਫฏ໘্ͰยଆΛนʹͭͳ͍ͩόωఆ k (k > 0)ͷόωΛ༻ҙ͢Δ. ͜ͷόωͷઌʹऔΓ

͚࣭ͨྔmͷ͓ΓͷӡಈΛ͑ߟΔ. όωͷ࣭ྔͱۭؾ߅ແ͢ࢹΔ. [32]

(a) όω͕ࣗવʹ͋Δͱ͖ͷ͓ΓmͷҐஔΛ x࠲ඪͷݪͱ͢Δ. ·ͨ,x࣠ͷਖ਼ํนͱରଆ

ͷ͖ʹऔΔ. όω͕৳ͼͯҐஔ xʹ͋Δͱ͖ͷঢ়گΛਤࣔͤΑ.ɹͨͩ͠, x > 0ͱ͢Δ.

(b) ͓ΓͷӡಈํఔࣜΛॻ͚. ͨͩ͠, tΛࠁ, x࣠ํͷՃ dv
dt ͱॻ͘͜ͱʹ͢Δ.

(c) x(t) = A sin(ωt+ δ0)͓ΓͷӡಈํఔࣜͷҰൠղͰ͋Δ͜ͱΛࣔͤ. ·ͨ, ωΛm͓Αͼ kͰ͋

ΒΘͤ. ͨͩ͠, Aͱ φͱʹఆͰ,Aৼ෯, δ0ॳظҐ૬Ͱ͋Δ.

(d) ͓Γʹ֎ྗ FextΛՃ͑, ͡Θ͡ΘͱҾͬுΓͳ͕Β, Ґஔ x = A0 (A0 > 0)·Ͱ͓ΓΛҠಈ͠,

੩ͨͤ͞ࢭ. Fext͕ͨ͠ࣄΛٻΊΑ.

(e) ͓ΓΛҾͬுΓ x = A0ͷҐஔʹ੩ͨͤ͞ࢭ. ࠁ t = 0ʹ੩͔ʹखΛ͢ͱ, ͓ΓৼಈΛ

Ίͨ. ͜ͷͱ͖ͷ͓ΓͷҐஔ x(t)ͱ v(t)ΛٻΊΑ.

(f) ઃ (5e)ͷঢ়گͰ, ͓Γ͕ॳΊͯҐஔ x = A0/2Λ௨ա͢Δࠁ t1ΛٻΊΑ. ·ͨ, ͜ͷͱ͖ͷ௨

ա v(t1)ΛٻΊΑ.

(g) ӡಈํఔࣜͷ྆ลʹ v = dx
dt Λ͡, શΤωϧΪʔ Etot = K + φ͕อଘ͢Δ͜ͱΛࣔͤ. ͨͩ͠, K

͓ΓͷӡಈΤωϧΪʔ, φόωʹΑΔ͓ΓͷੑతϙςϯγϟϧΤωϧΪʔͱ͢Δ.

(h) EtotΛ kͱA0ͷΈͰ͋ΒΘͤ.

(i) ઃ (5e)ͷঢ়گʹ͓͍ͯ, K,φ͓ΑͼEtotΛ tͷؔͱͯ͠άϥϑʹදࣔͤΑ.
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BISTRO Results: OMC1

André et al. 2007
Centroid velocity map:

BISTRO Results: Ophiucus A Core

B-field map:
Kwon, J. et al. ApJ submitted
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BISTRO B-fields Gallery: Ophiucus A-E

POL2 detected faint 
polarized emission!
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BISTRO B-fields Gallery



BISTRO Four-fold Immediate Objectives
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“磁場込みの<0.001pcスケールの新しい描像”へ

f

0.01pc
Zapata et al. 2006, ApJ 653, 398
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磁場込みの0.01pcスケールの新しい描像へ
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まとめ：本研究の狙いと究極のゴール
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