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making Field in Star Formation
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Magnetic field is frozen in ideal
MHD

Magnetic flux must be reduced
to enable star formation

Large pseudo-disk
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Magnetic braking is needed to
remove angular momentum

Crutcher 2006



Galactic Magnetic Field Surveys

Planck XXXV 2015
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What's Plane-of-sky B Field Direction!?

Spinning non-
spherical dust grains
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How to Determine B Field Direction?

“If t
all t
wel
mag
obt

ne splitting was large enough that
hree Zeeman components were

-separated, then the total
netic field strength could be
ained from the measured

separation of the split components.”

“observations of linear polarization in
radio-frequency absorption lines ...
are guaranteed to be informative.”



Spectral-line Polarization: Goldreich-Kylafis Effect
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Goldreich-Kylafis Effect

Linearly polarization
Plane-of-sky magnetic field

7 Zeeman effect
Circularly polarization

CD o Line-of-sight magnetic field

Crutceher & Kembell 2019

Either parallel or perpendicular orientation
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Goldreich-Kylafis Effect Observations
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SMA Observations in NGC1333 IRAS4A

|.2 Mo Class 0 protostellar binary 4Al & 4A2 with prominent outflows

A text-book example of magnetic dominated star formation
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ALMA CO 2-1 Polarization Observations
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ALMA CO 2-1 Polarization Observations
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Xe and Xv

In theory, Xe ~ [0-7-10-8, Xv ~ 10-2-10-3

In observation, Xe ~ 10-6-10-8 (Caselli et al. 1998), Xv < |0-! at
100 au (Yen et al. 2018)
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Figure 16.3 Fractional ionization in a dark cloud, estimated using Eq. (16.25), with

the grain recombination rate coefficients set to kig.20 = kig2e = 10714
(see Fig. 14.6). The dashed line is a simple power-law approximation .
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Suppose that a clump has characteristic magnetic field strength B and characteristic
dimension L (see Figure 41.1). The time scale for the magnetic field to slip out of

the clump is

L/2 87T(L/2)2
Tslip = Vi — Va| = B2

miMmy
(mp +m;)

ninp (ov) (41.56)

where we have approximated VB? ~ B?/(L/2). To evaluate this, suppose that
() L =~ 1. 23n_0 81 pc (Eq. 32.12), (2) the magnetic field strength is given by the
observed relation B =~ 49n9-%% G for the median field strength [Eq. (32.17)], and

(3) the fractional ionization n; /nyg ~ 1 x 10_771411/2 (see Fig. 16.3). Then,

Taip &~ 7% 1070 2 yr (41.57)



Declination (J2000)

B Vector Map
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Image credit: NRAO



2018.1.00695.S

o Tracing Magnetic Field in Molecular Jet-Driving Galactic
Ko Nucleus
ALMA
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Polarization Percentage

Goldreich-Kylafis Effect Calculations
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Correlation of Ampere Law in HI data?

1020

DEC

10t Vi

10'®

107°

1076

DEC

10-7 7353

1078

RA Clark et al.2015



dBy/dx - dBx/dy [kg A" S™2 m~1]

No Vo, drift velocity =1 m/s
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check sgrt(ny,,) dependance in B




