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BISTRO: Overview BISTRO

A JCMT Large Program mapping nearby (<2kpc) star-forming regions in
polarized light

>120 survey members across 7 partner regions and the East Asian Observatory

P.I.s: Derek Ward-Thompson (UK), Pierre Bastien (Canada), Keping Qiu
(China), Tetsuo Hasegawa (Japan), Woojin Kwon (Korea), Shih-Ping Lai
(Taiwan)

BISTRO-1 and -2 awarded 448 hours of observing time to map:
Ophiuchus, Orion A & B, Perseus, Serpens Main and Aquila, Taurus
L1495/B211, Auriga, IC5146, M16, DR15, DR21, NGC 2264, NGC 6334,
Mon R2, Rosette

Survey paper: Ward-Thompson et al. 2017, ApJ 842 66

Orion A: Pattle et al. 2017, ApJ 846 122

Ophiuchus A: Kwon et al. 2018, ApJ 859 4

Ophiuchus B: Soam et al. 2018, ApJ accepted, arXiv:1805.06131
M16: Pattle et al. 2018, ApJ 860 L6



BISTRO: Scientific Goals BISTRO

* To map the magnetic field within cores and filaments, on scales of ~1000-
5000 AU

* To determine magnetic field strengths in nearby molecular clouds using the
Chandrasekhar-Fermi method (through synthesis with Gould Belt Survey
HARP data)

* To investigate the relative importance of magnetic fields and turbulence to star
formation

* To test the model of magnetic funnelling of material onto filaments (André et
al. 2013; Palmeirim et al. 2013)

e To investigate the role of magnetic fields in shaping protostellar evolution

« To investigate the effect of magnetic fields on bipolar outflows from young
protostars



A brief aside on the Chandrasekhar-Fermi Method

Assumes equipartition between non-thermal motions and the magnetic
field: deviation in angle from the mean field direction is taken to be the

result of distortion of the field by small-scale non-thermal motions (see
Chandrasekhar & Fermi 1953).
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Orion A and OMC 1

.
The Orion Nebula is the nearest high-mass 1
star-forming region, located at 388 pc ?

(Kounkel et al. 2017).

OMC 1 is a dense molecular cloud which
is a site of ongoing high-mass star

formation located in the centre of the
Orion A “integral filament”.

OMC 1 is located behind the Trapezium
cluster, and bounded on one side by the
Orion Bar PDR.

Image: CO-subtracted 850um SCUBA-2 data;
JCMT GBS IR2 reduction



The magnetic field of OMC 1
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Right Ascension (J2000)

Observed in January 2016 as part of
POL-2 commissioning and BISTRO

science programines

~2mJy/beam RMS sensitivity on 12”

pixels

Vectors rotated to trace magnetic field

Note ‘hourglass’ morphology (c.f.

Schleuning 1998)

Ward-Thompson et al. 2017, ApJ 842 66;

Pattle et al. 2017, ApJ 846 122



Right Ascension (J2000)
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Magnetic fields in sel

filaments

Pattle et al. 2017, ApJ 846 122

Ward-Thompson et al. 2017, ApJ 842 66

André et al. 2013
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Chandrasekhar-Fermi analysis
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The Ophiuchus Molecular Cloud

* A nearby (~140pc) site of
low-to-intermediate-mass
star formation

 Strong westerly influence
from the Sco OB2
association

e Significant variation in
properties, behaviour and
star formation history within
the region

R: SCUBA-2 850um, G: Herschel 100um, B: Spitzer 8um
Pattle et al. (2015) MNRAS 450 1094



The Ophiuchus Molecular Cloud:
magnetic field morphology

White vectors:
BISTRO POL-2 850um
Oph A: Kwon et al., ApJ 859 4

Oph B: Soam et al., arXiv:1805.06131 29|

Oph C: Qiu et al., in prep.

Grey vectors:
H-band extinction polarization
Kwon et al. (2015), ApJS 220 17
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Oph A: kwon et al. 2018, ApJ 659 4

 Actively forming stars (contains
outflow-driving sources)

 Sandwiched between two B
stars

« Well-ordered magnetic field
with significant variation across
the region

* Magnetic field strength ranges
from 200uG to 5mG




Oph B: soam et al. 2018, ApJ in press, arXiv:1805.06131

| 5% POL-2

* Actively forming stars (contains
outflow-driving sources)

* No sign of significant external
influence

Oph B1 (right): highly
disordered field
Oph B2 (left): somewhat ordered

magnetic field with some
similarity to large-scale 50° field

Oph B2: Magnetic field strength
630410 uG




[C5146: Wang et al, in prep.

* A hub-filament system,
perhaps high-mass
(distance uncertain;
either 460pc or 950pc)

» Magnetic fields
approximately
perpendicular to major
axis of hub

* Magnetic field
strength ~300uG




M16: The Eagle Nebula

e High-mass star-forming region
e H; region driven by NGC 6634 cluster
e Distance: 1.8+0.2 kpc ufton et al. 2006)

* The “Pillars of Creation”: photoionized columns
famously imaged by the Hubble Space
Telescope @ester et al. 1996)



Declination (J2000)
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The magnetic field within the

pillars:

» is parallel to the axis of the
pillars

 is ~ perpendicular to the
magnetic field in the HII region

* is ordered

49'00" 8

e Shows hints of depolarization
at the pillar tips (reversal of
- direction?)
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Magnetic field
strength in
Pillar II:

8« 0, = 14.4°
e n(H,) ~ 5 X 104 cm:3
(Ryutov et al. 2005)

e Av~1.1-2.1 km/s

(White et al. 1999)
= BPOS ~ 170 - 320 uG
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Pattle et al. 2018, ApJ 860 L6



Simple energetics analysis suggests:

* The pillar head is being ablated by the interaction with the HII region

* The pillar walls are in approximate pressure equilibrium, with magnetic
pressure and non-thermal internal gas pressure being balanced by non-
thermal external gas pressure and non-negligible self-gravity

» Thermal internal and external gas pressures are significantly smaller than
other terms

(a) Shock approach (b) Pillar formation (c) Pillar erosion

Pattle et al. 2018, ApJ 860 L6



Summary

The BISTRO survey is providing wide-field, high-resolution single-dish
polarimetric imaging of the high-density regions of sites of star formation to
a distance of 2kpc.

Our preliminary results include:

* Observations of an hourglass magnetic field in OMC 1, possibly
channelling the large-scale BN/KL outflow (Pattle et al. 2017)

« Highly variable magnetic field strength and morphology in Ophiuchus
(Kwon et al. 2018; Soam et al. 2018).

» Potential accretion along field lines in a hub-filament system in IC5146
(Wang et al, in prep.)

e The first measurements of the magnetic field in the dense gas of the
Pillars of Creation, with a field strength suggesting the Pillars may be
magnetically supported

Thank you, and watch this space!






Declination (J2000)

_13048I00u |

i 25

49'00" B

30~ S : ﬁ

274“4'00“ 43'30"
Right Ascension (J2000)



Neutral {|B.|), pG

), nG

Neutral (|B,

| - X SS0H
- 7\ — SSOL
200 F _ - \ /l \ = = SOOL
- ~ \ e+ S45L
L — ” N\ i 2}
e \ I WsL
150 F EREAY ! —— 7001,
A . . . \ /
X . N/
100 F
) W
0 N 1 L 1 N N

250 r T

150 | ]

100 X S80H
— S80L
= - SO0L

50 F . S45L
—— WS0L
/™ <- Z00L
[] - - -~ — - - - - - - - = - -
0 50 100 il

Time, 1000 yr




* Y g
. . 'I/

Pierre Bastien

Mike Chen

Simon Coudé
James Di Francesco
Jason Fiege

Erica Franzmann
Rachel Friesen
Doug Johnstone
Martin Houde
Kevin Lacaille
Quang Nguyen-Luong
Brenda Matthews
Andy Pon

) L

Qilao Gu

Dalei Li

Di Li

Hua-bai Li
Hong-Li Liu
Junhao Liu

Lei Qian
Keping Qiu
Hongchi Wang
Jinghua Yuan
Chuan-Peng Zhang
Guoyin Zhang
Jianjun Zhou
Lei Zhu

| | NS

Antonio Chrysostomou
Emily Drabek-Maunder
Gary Fuller

Tim Gledhill

Jane Greaves

Matt Griffin

Jennifer Hatchell
Wayne Holland

Jason Kirk

Enzo Pascale

Nicolas Peretto

Brendan Retter

John Richer, Andrew Rigby
Jean-Francois Robitaille
Giorgio Savini, Anna Scaife
Derek Ward-Thompson
Anthony Whitworth

Yasuo Doi, Ray Furuya
Tetsuo Hasegawa
Saeko Hayashi
Tsuyoshi Inoue
Shu-ichiro Inutsuka
Kazunari Iwasaki
Yoshihiro Kanamori
Akimasa Kataoka

Koji Kawabata

Masato I.N. Kobayashi
Takayoshi Kusune
Jungmi Kwon
Masafumi Matsumura
Tetsuya Nagata
Fumitaka Nakamura
Hiroyuki Nakanishi
Nagayoshi Ohashi

Do-Young Byun
Jungyeon Cho
Minho Choi

Eun Jung Chung
Thiem Hoang
Jihye Hwang
II-Gyo Jeong
Ji-hyun Kang
Miju Kang
Sung-ju Kang
Gwanjeong Kim
Jongsoo Kim
Kee-Tae Kim
Kyoung Hee Kim
Mi-Ryang Kim
Shinyoung Kim
Woojin Kwon

Takashi Onaka ,Tae-Soo Pyo Chang Won Lee

Hiro Saito, Masumichi Seta

Hiroko Shinnaga
Motohide Tamura
Kohji Tomisaka
Yusuke Tsukamoto
Tetsuya Zenko

?

Jeong-Eun Lee
Sang-Sung Lee
Tie Liu

ARan Lyo
Archana Soam
Hyunju Yoo

Philippe André

C. Darren Dowell
Stewart Eyres, Sam Falle
Sven van Loo

Joe Mottram

Sarah Sadavoy

Vivien Chen

Wen Ping Chen
Tao-Chung Ching
Eswaraiah Chakali
Ciska Kemper
Patrick Koch
Shih-Ping Lai
Sheng-Yuan Liu
Kate Pattle
Ramprasad Rao
Ya-Wen Tang
Jia-Wei Wang
Hsi-Wei Yen

N

James Clerk Maxwell Telescope

East Asian Observatory

v

David Berry
Per Friberg
Sarah Graves
Steve Mairs
Harriet Parsons
Mark Rawlings



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	PowerPoint Presentation

