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Testing Star Formation Theory

Two (extreme case) models:

1. compressible turbulence (with negligible
magnetic fields)
- turbulence forms dense clumps, some of which are
self-gravitating and collapse
2. magnetic support and ambipolar diffusion
(with turbulence having only an insignificant
role)

- magnetic field only frozen into ions, not neutrals,
which contract under gravity

Observations of magnetic fields in molecular
clouds can distinguish between these models
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Fiedler an d Mouschovias (1 993)

e fleld lines smooth

e field lines more chaotic

e field lines || minor axis

* hourglass morphology



Mass-to-Flux Ratio: M/®

mass/flux ratio = gravitational collapse / magnetic support

° Un|f0 m d|Sk Nakano & Nakamura (1978)
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Observational Technigues

1. Zeeman effect

2. Polarization of emission from paramagnetic
grains

3. Linear polarization of spectral lines (Goldreich-
Kylafis effect)



Zeeman Effect
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Dust Grain Polarization

e [inear polarization L B
— morphology of B,

B
e gives field direction in strongest clump along line of sight

= |
e indirect estimate of field strength Bo
(Chandrasekhar & Fermi 1953)
0V ~ 8B/(4np)t’?, 3¢ ~ 6B/B, 50 =

- By ~ 0.5(4np)12 8V, . /5¢

Ostriker et al. (2001); Heitsch et al. (2001); Padoan et al. (2001) EB



“Riegel-Crutcher” H | Self-Absorption Cloud

A 345° < £ < 25° -10°< b < +10°
T, ~20-40K

— 50

d~ 125+ 25 pc

Riegel & Crutcher (1972)




“Riegel-Crutcher” Cloud Filaments

W 22
f=353° b=+1°

X

Filaments properties:

GALACTIC Lot ude

17 pc by < 0.1 pc
T~40 K
magnetically dominated

— B> 30 uG

5 4 F O "
GALACTIC. Lo uces

L= |
g0 T 36 355 McClure-Griffiths et al (2006)



aEh
4 0EE 1 —

Ta

LB L

Ty

\
i
\

-4, 001

=R 00

|
|

/

A

e

~ |

=fi, B0 L "IL
s WL
I’
v,
-, 450 , , — .
a0 &.000 £.000 B bon 10,100

Zeeman Results toward W22

Bios = -18 + 1 uG

1.500 ; : ;
1A
N — B
""xh o
LY i
; P
-1.500 1 I i
1| ]
3,00t ] ’J‘ i
]
-I.er l"I'l
4,510 : : & I.
4480 &, 001 5,008 100 p.008
T — . - :
Ta i |
| ] fl ~d .—:Im'-_ | | J-.
1000 ] -!. e} HH' Jnl,_lj Ll'-.r- . 1]‘1{1"..J:| N 2 P
| . 1| 1
vt g i
L
b LA Rl
n A, 1
0,280 ]] i !lr?lr ' LL-'J]_ o "!__JJILL-.IJ LI JllL i
VHILE S |
i
l'ril
300 : ,
2,800 J0HE £.001 2,000

Kazes & Crutcher (1986)



Taurus CO & Magnetic Field
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Goldsmith et al (2008)




Diffuse Cloud (H | Zeeman)
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Antenna Temperature (K)

L. 183 Starless Core

Crutcher et al. (1993)
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L.183 & L1498 Starless Cores

L183 L1498

Crutcher et al. (2004) Kirk & Crutcher (2005)
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NGC1333 IRAS4 (BIMA 230 GHz)

Girart et al. (1999)
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Arecibo H | quasar abs.

Heiles & Troland 2005

GB OH dark clouds

Crutcher et al. 1993

Arecibo OH dark clouds

Troland & Crutcher 2008

VLA H | & OH mapping

various; see Crutcher 1999

IRAM CN

Crutcher et al 1996, 1999; Falgarone et al. 2008

Bonn excited OH

Guesten et al. 1994

Major Zeeman Data Sets
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5/5
9/15

1/1



Results for Field Strength
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Results for Field Strength
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Probability Density Function of By,

1.0

0.8

0.2

0.0

JJJJJJJJJ

JJJJJJJJJ

DELTA FCN

FLAT FCN

EXP FCN

GAUSS FCN

Heiles & Crutcher 2005

Bror!/ Bror,1 /2!




Probabllity Density Function of B 5

2.0 A} I | |
- b -
EEAY DELTA FCN i
.}- —
i S FLAT FCN |
1.5 AN N
L _ Y Lol EXP FCN ]

SN
L N . GAUSS FCN ]
= I ]
=10 SN _
m AN

o N ]
> | * ]
I \‘\:‘? ~ ]
0.5 RN —
0.0 | | e
0.0 0.5 1.0 1.5 2.0

Heiles & Crutcher 2005

Bios!/Bror 1 /2!



Super-Alfvenic Simulation
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Lazarian & Goncalves 2007



Bayesian Analysis of H | & OH Zeeman
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BIDS(J-LG)
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Results for Diffuse and Molecular Clouds

H Il Clouds OH Clouds CN Clouds

T(K) 50 10 50
Ny (cm™3) 1x1020 8x 1021 9x 1022
n, (cm3) 54 3.6x10° 3x10°
thickness (pc) 0.6 0.7 0.1
onT (Km/s) 1.2 0.37 1.2
Biotal,1/2 (HG) 6.0 14 280
Mqonic 5.0 3.4 5.0
M ajrvenic 1.4 1.5 2.2

M/®D (wrt critical) 0.06 2.2 1.2



Results for Mass/Flux

O rslightly supercritical —»




Mass-to-Flux Ratio: M/®

M/® has a correction
~2 for column density
N If clouds are disks;
this will decrease M/®

\Js B

0

Multiple clumps will lead
to larger measured M/® if
they combine

@@



A Definirive Test of Ambipolar Diffusion
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The Future

Measure differential M/® between core and envelope:

[M /(D]core [Tline AV/ aos]

[M /CD]enveIope B [Tline AV / aos]

core

envelope



L1448 (OH Zeeman)
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Cosmic Agitator:
fieldstin the Galaxy

Celebrating 60 years of studies of the
interstellar magnetic field

08 March 26 to 29 - Lexington, KY USA

pa.uky.edu/magnetic/




