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Turbulence:
Questions

What is the turbulent fraction, Br/(Bu + Br)?
How does dispersion vary with scale, F(L)?

What is the strength of the field?
Observations
Polarization of starlight, lPl, vs column density, N.

Line width vs scale, σv
2(L)

Dispersion, l∆θl, of FIR Polarization angles 

vs scale, L.



Field maps:  
W. A. Hiltner
1949, ApJ, 114, 241

Field estimate: 
Chandresekhar
& Fermi,
1953, ApJ, 118, 113
(“C-F method”)

ρ = volume density
v = los velocity
α = rms slope of 

vectors

B = (4/3 πρ)1/2 v/α
= 7 x 10-6 gauss





Fosalba, Lazarian, Prunet, & Tauber 2000
Data from Heiles 2000



Fosalba, Lazarian, Prunet, & Tauber

Bu/Br = 0.8



Dense Clouds: Limit to Turbulent Fraction from Cloud and 
Field Geometry

• Mean field is 
along short 
axis of core in 
cores mapped 
by Hertz *

K. Tassis,
C. D. Dowell, L. Kirby,
J. E. Vaillancourt, 
& R. H. Hildebrand  (In 

prep)

*See poster by 
Dotson



Advice for observers wishing to determine 
dispersion due to turbulence

1) Find a cooperative, first rate theorist
(On that point, pay attention to 
Giles Novak’s talk tomorrow)

2) Do all the difficult things listed in the next 
slide



Observer
1) Map polarization at best possible 

resolution, angular precision. 
2) Provide:

Table of Stokes parameters at many 
points 

Estimates of density, column density,  
field inclination 

3) Do all of the above for several intervals of 
column density



Dispersion at given column density



Theorist
• Simulate vector field as projected on the 

sky at the resolution, density, column 
density, field inclination as the observation 

• Present results in table of Stokes 
parameters for the observed region

• Present results according to 2 or more 
assumptions about key variables (e.g. field 
strength, turbulent fraction.) 



Compare the observed & simulated 
Stokes tables

For each make correlation functions, 
structure functions, power spectra or 
whatever you wish.

Find the theoretical assumptions giving the 
best match to the observations



More Questions

Is there a measurable minimum scale for 
dispersion in 
gas velocity? magnetic field? 
(Measurable in principle? In fact?)

Pay close attention to Martin Houde’s
presentation tomorrow

And

How much dispersion above the minimum?



Ostriker, Stone, & 
Gammie 2001 
ApJ, 546, 980

“[It] may be possible 
to deduce the 3D 
size-line width 
relation using the 
lower envelope of 
the 2D size-line 
width distribution.”



Line widths (HCN) vs Scale along lines of 
sight in M17 (Scales of 20, 40, 60, 80 arcsec)

H. Li, & M. Houde 2008, ApJ, In Press

1.3 1.4 1.5 1.6 1.7 1.8 1.9
0.2

0.25

0.3

0.35

0.4

0.45

0.5

0.55

log L (arcsec)

 lo
g 

σ 
(k

m
/s

)



Line widths at two points 
Houde et al. 2004, ApJ, 604, 717

Ion lines 
narrower than 
neutral lines.

Ratio of ion to 
neutral line 
widths 
depends on 
inclination of 
field to line of 
sight



Velocity dispersion of HCN (black) and HCO+ (red)
H. Li, & M. Houde 2008, ApJ, In Press
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H. Li, & M. Houde 2008, ApJ, In Press

Minimum velocity dispersion of ions 
< min dispersion of neutrals 

Min. dispersion of neutrals fit by 
σn

2 = bLn (Kolmogorov-type spectrum)
Min. dispersion of ions fit by same function shifted 

downward
σi

2 = a + bLn

(a = -0.59 km2s-2, b = 1.17 km2s-2, n = 0.36)

Magnetic field not tied to gas below  ~ 1.8 mpc



Minimum Scale of Magnetic Turbulence
Goncalves, Lazarian, Kowal 2007
Lazarian, Vishniac, & Cho 2004 (eq 18)

Damping scale, lo~1 mpc (Orion)
Li-Houde ambipolar diffusion scale:

lo~1.8 mpc (M17)
(Excellent agreement considering uncertainties)

Is lo Measurable by dispersion of field vectors?
For a cloud at 100 pc, 1mpc ~ 2 arcsec
CARMA can provide <1 arcsec resolution

Given adequate resolution, how do you measure lo?



Polarization map of Orion
blue: 350 µm - red: 450 µm 

E-vectors B-vectors



OMC-1 – Whole Cloud



OMC-1  - Linear Portion





DR21 Hertz (Whole Cloud)



DR21 Hertz (~1/5 Cloud)



DR21 SHARP (Whole Cloud)



DR21 SHARP (~ 1/5 Cloud)



Dispersion of Field Orientation
To measure 

minimum scale,
lBl diffusion scale via polarimetry

need high resolution (mpc): 
SMA, CARMA? resolution marginal. Maybe?

To measure 
lBl via CF method
Dependence on scale (σ2 = bLn ?)
Dependence on cloud environment

need multi-wavelength polarimetry in FIR 
with 5 -10 arcsec resolution
at thousands of points: SOFIA! Yes!



SOFIA Flight, May 30, 2007
Waco Texas to Dryden AFB, California

“SOFIA needs a polarimeter”:
Eve Ostriker, Star Formation Workshop. 1999



Hale, an aspiring
upgrade of HAWC to a 

multi-wavelength 
polarimeter for SOFIA


