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® Qutline
e DR21 filament and massive cores

® Virial parameters of turbulent, magnetic, and gravitational
energy

®* How to measure magnetic field (B-field) strength

e DR21 filament and its massive cores
e SMA data

® Analysis & Conclusion
® SMA polarization mosaic project




Introduction

Molecular clouds: highly turbulent, magnetized, filamentary
structures

CO J=1-0 emission Extinction map and optical polarization
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® Virial theorem

1.
§I=2(T—To)+M+W.-

turbulence surface magnetic self-gravity
field

® |I/. negative, gravitational collapse

e [ & M: positive, support cloud against gravitational
collapse

® /. proportional to the inertia of the cloud
° (I>0) expansion

e (I<0) collapse |

e ) S e s n o S -



Self-gravity
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Turbulence

® |arson’s Laws

T T T T T T T T T T T T T T T T T T T T T I I
| - _ (N —
w _ w
B — ] i o] N//
N.O N P ~
| N P~ i = ~ M
M N — M c w N/M
0 M R oM/S/ ¢ - o _ROSM .
log o ¢SS ] c. 85~ M o
N -~ 0 logo N N~ 7
(km/s) + N~ T . B L R—FR ]
LR —1 R (km/s) % R
S 4 7
or L ° 8P . O% T &5
L —8P BCP L
L ~ L lB
- /L/ B i | _~L
// B B —
- T . A
05—+ T o's—"‘/ T
N ~ i ]
RS I NS SRR W SR | ' S T B T T S 1 1 1 1 1 1
- 0 log L{pc) I 2 0 | 2 3 4 5 6
log M(Mg)

g o 038 o (kms™1) =042 M(M.)°>®




® Log-normal probability distribution function
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reproduce of the filamentary structures of clouds
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Magnetic Field  w.y-.-
o B ~ nHk r ~ nH1/3
e k =2/3 for weak magnetic field models (flux conservation)

e k =0.4-0.5 for strong magnetic field models (ambipolar
diffusion)
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« Cloud Elongation v.s. Magnetic Field Orientation
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Cloud direction (degrees)

® From 10 pc to 0.1 pc scales, molecular clouds
appear to be either parallel or perpendicular to
magnetic fields
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Magnetic field v.s. Turbulence

Ostriker et al. 2001



® Measure magnetic fields in molecular clouds
® /eeman effect
* Measure magnetic field along the light of sight (B,,.)
® The only way to directly measure magnetic field strength
® |inearly polarized dust emission
® Measure magnetic field on the plane of sky (B,)

® The Chandrasekhar-Fermi equation (CF equation;
Chandrasekhar & Fermi 1953) gives est|mat|on of magnetic
field strength

® Polarized molecular line emission (Goldreich-Kylafis effect)

® The polarization direction could be either parallel or
perpendicular to the magnetic field direction

® \elocity dispersion measurements of molecular line
emission

® The ion molecular line width of ion is expected to be wider
than the width of neutral




Polarization form Magnetically Aligned Dust Grains
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® CF equation

e 1953 - ' E
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Va4 = B/\/4mp is the Alfvén speed
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® Assume magnetic field model _
5 ]
Bp=Q4/4TC[_) 51);5, %

® Angular dispersion function (Hildebrand et ;
al. 2009 ; Houde et al. 2009, 2011, 2016)

- 1125 AT
1 — {cos [AD (I)]) = ) ap;l™ + [1 + N<BS>/<B?>]

J=1

L 1ot o L[y enenmn] 2 [y enenso)) Rao et al. 2001
1 2 2

1

1
16"32m23%
a (J2000)

By)'/* = \/AmpoVi, o] =




Filament in the Cygnus X Complex

Cygnus-X Region
24 um MIPS image
6.9 x 7.4 deg
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DR21 Filament

10 pc scale 1 pc scale
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Massive Cores in the DR21
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SMA Polarization Observations
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Results

e All segments show
B-field direction

® Red & Yellow: JCMT
e Blue: SMA
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Combined JCMT and SMA 880 um
continuum maps

e Use FEATHER in casa and LINMOS in miriad
® Combine Stokes | maps, NOT combine Stokes Q and U maps

® Perform dendrograms to estimate core properties (Mass, Size, Density, PA.)
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Analysis

Correlations between Core PA. (0.1 pc core), JCMT pol (0.1 pc B-field), SMA pol (0.03 pc B-field)
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e Strong either-parallel-or-perpendicular alignment between 0.1
pc core and 0.1 pc B-field, weak correlation between 0.1 pc

core and 0.03 pc B-field

® small-scale B-field is less si
| e formation

gnificant than large-scale B-field i




® Does the either-parallel-or-perpendicular alignment
break at scales below 0.1 pc?
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® Angular dispersion functions of the massive cores
® The functions close to random field
® strong turbulent component in the B-field
° Bpos (mG)
® Cyg-N38:0.56 £0.19
Cyg-N43:0.42 £ 0.41
Cyg-N44:1.71 £ 0.55
Cyg-N48: 0.48 £ 0.10
Cyg-N51: 0.46 + 0.08
DR21 filament: ~ 0.62 (Girart et al. 2013) _
data point
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e Total B-field strength v.s. ny,

o Cyg-N44 and DR21 filament: combine B, . from Zeeman observations
and B, in our work

® Other sources: assume B,.., = /3B, ,» uncertainty about 50%,

e Slope =0.54 +0.30
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® B ~ nHk
e k = 2/3 for weak magnetic field models (flux conservation)
e k =0.4-0.5 for strong magnetic field models (ambipolar diffusion)

® k=0.65=%0.05(Crutcher et al. 2010)
® k=0.41 £0.04 in NGC 6334 (Li et al. 2015)
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® Parameters for evaluating the effects of turbulence, magnetic
fields, and self-gravity

sonic Mach number (m,), Alfven Mach number (m,), ratio of
thermal to magnetic pressure (5)

® cores: m,>m,> 1> 3, turbulence dominant

* filament: m;>1>m, > B, B-field dominant

Mass-to-flux ratio (M/ ®g) 2 1, B-field cannot support self-gravity
Virial parameters

® cores: T(turbulence) > M (B-field) > W (gravity)

e filament: W>M>T

® Expanding core in contracting filament?

® Not consider surface terms, e.x. cloud colliding
e refill turbulence from internal origin, e.x. outflows

Cs Oy VA M/@B

Source ms  Mma B B e =
(kms™1) (kms~!) (kms~!) 1/2avG) W w
Cyg-N38 0.34 1.5 0.9 7.5 2.7 0.27 2.4 1.4 0.19 3.0
Cyg-N43 0.34 1.6 1.2 8.0 2.4 0.18 1.0 5.7 0.99 12.4
Cyg-N44 0.42 2.2 1.6 9.0 2.4 0.14 2.3 1.2 0.20 2.6

0.34 1.2 0.7 . . 4.3
G 1.1 A




Conclusions

Highly turbulent cores

scattered SMA polarization segments

;tcheidanalysis of angular dispersion function is similar to random B-
lelds

weak correlation between with the core and B-field orientation
BpOS =0.4—1.7 mG

B ~ nHO.54

m.>m,> 1> 3, turbulence dominant

I(turbulence) > M (B-field) > W (gravity)

Highly magnetized filament

ordered JCMT polarization segments, B-field perpendicular to the
filament

either-parallel-or-perpendicular alignment between core and B-field
m.>1>m, > B, B-field dominant }
W (gravity) > M (B-field) T(turbulence) _ _



SMA Polarization Mosaic Project
Pl: Tao-Chung Ching
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SMA 1.3 mm

Stokes | mosaic observations
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Single-point polarization
observations
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® Measurements of SMA off-axis instrumental polarization
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Table 1: SMA off-axis polarization measurements of 3C279

Position St—(;kes Valses (Jy/b[e]am) Pol (%) PA (°) E;S;f?%l) Polazz;&m(r;)
1 10.27 -0.069 -0.434  4.26 = 0.08 138.9 £0.5 = =

8.18  0.001 -0.373 4.56 £ 0.10 135.0 4+ 0.6 0.30 £ 0.13 -3.9£0.8

6.20  0.003 -0.277 447 £0.13 13474+ 0.8 021 +£0.15 -42+£1.0

4.38 -0.033 -0.226 520+ 018 1392+1.0 0.94+020 03+1.1

8.37 -0.062 -0.337  4.09 £0.10 140.2 £0.7 -0.17 £ 0.

9.14 -0.100 . 4.30 £ 0.09 1424 4+ 0.6 0.04

9.98 -0.086

e AP=0.3%0.19%
e APA. <50
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* Multiple pointing polarization data of extended
sources from SMA archive
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Pilot observations
o W51 e2/e8 & WH1 north
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Bistro Ie%acy project (A magnetic field survey of the Gould Belt
clouds), Pl: Derek Ward-Thompson

Members from Taiwan: Ya-Wen Tan%, Patrick Koch, Vivien Chen,
Shi-Ping Lai, Jia-Wei Wang, Sheng- Yuan Liu, Hsi-Wel Yen, Tao-
Chung Ching
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JCMT + SMA polarization
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Thank you for your attention




