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The Central Question
Are magnetic fields significant and/or crucial to,
or are they insignificant and a distraction from,
understanding the central physics of star formation?

Hints may come from…
• estimates of timescale of star formation
• super-Alfvenic simulations that seem to work
• evidence for externally triggered star formation

However, the direct answer must come from
observations of magnetic fields and their
interpretation in the context of star formation theory:
• ratio of gravity to magnetic support: M/



Zeeman Effect

V = LR (dI/d)(Zcos) 

line of sight B; Btotal = 2 Blos

Z = B Z, Z 1 – 2 Hz/ G, (ZH I = 1.4 Hz/G)

Q or U (d2I/d2)(Zsin)2  plane of sky B (not really)

(Z/linewidth)2
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Scaling of B with : B 

B 0 B 1

B 2/3
B 1/2



Mass-to-Flux Ratio: M/
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• Observing M/

• definition

/ 3C observed 

• Geometry correction
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Ciolek & Mouschovias 1994

mass/flux ratio gravitational collapse / magnetic support
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/ 2C observed  Blos only

Blos + disk morphology

• Uniform disk Nakano & Nakamura 1978

/ 4C observed  Blos + disk, uncorrelated



CNM
component
(1 of 6)

I opacity profile

Blos = 11 3.1 G

V opacity
profile dI/dv Blos = 5.6 1.0 G

3C 138

Diffuse Cloud (H I Zeeman)

Arecibo “Millennium” Survey

Heiles & Troland 2005



L1448 (OH Zeeman)

Blos = 28 6 µGBlos = 25 5 µG

Troland & Crutcher 2007



DR21OH (CN Zeeman)

Blos = 0.4, 0.7 mG

Crutcher et al. 1999



NGC 2024 (Orion B) Magnetic Field Maps

Crutcher et al. 1999



Zeeman Effect Results

Species (GHz) n(protons/cm-3) B

H I 1.4 101-2 3-10 G

OH (~thermal) 1.6 103-4 10-100 G

CN 113.5 105-6 0.3-1 mG

OH (masers) 1.6, 6.0, 13.4 107-8 1-10 mG

H2O (masers) 22.2 109-10 10-100 mG



Results for Field Strength
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Results for Mass/Flux
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Summary and Conclusions

• B invariant (B 5-10 G) over
4 orders of magnitude in
density (~ 10-1 to 103 cm-3) B 0

1. MC formation by accumulation along field lines
- turbulent accumulation
- Parker instability
- magneto-rotational instability
- turbulence driven ambipolar diffusion

• M/: subcritical before self-gravitation,
~ critical in molecular cloud cores

2. Consistent with ambipolar diffusion, with magnetic
fields providing significant support against gravity
for molecular cores



The Central Question

Are magnetic fields significant and/or crucial to,
or are they insignificant and a distraction from,
understanding the central physics of star formation?

The direct answer from observations:

Magnetic fields are certainly highly
significant and probably crucial to
understanding the central physics of
star formation!



The Future



Vazquez-Semadeni, Dib & Kim 2005, 2006
Ciolek & Mouschovias 1994

Testing ambipolar diffusion driven core formation & star formation



The Future

Measure differential M/between core and envelope:
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