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Abstract. Magnetic fields may be observed via the Zeeman effect, linear polarization of dust
emission, and linear polarization of spectral-line emission. Useful parameters that can be inferred
from observations are the mass-to-flux ratio M/® and the scaling of field strength with density.
The former tells us whether magnetic fields exert sufficient pressure to provide support against
gravitational contraction; the latter tells whether or not magnetic fields are sufficiently strong to
determine the nature (spherical or disk geometry) of the contraction. Examples of massive star
formation regions for which detailed observations have been made of magnetic field strengths
and morphologies include DR21OH, OMC1, and S106; observational results for these regions and
relevant results for the diffuse ISM and masers will be reviewed. Results are that the strength of
interstellar magnetic fields remains invariant at B ~ 6:G between 0.1 cm™ < n(H) < 10* cm ™3,
but increases as B o p®*7%® for 10* em™® < n(Hz) < 108 cm™3. Moreover, M/® is significantly
subcritical (strong B with respect to gravity) in diffuse H I clouds that are not self-gravitating,
but becomes approximately critical in high-density molecular cloud cores. This suggests that
GMCs form primarily by accumulation of matter along magnetic field lines, a process that will
increase density but not magnetic field strength. How clumps in GMCs evolve will then depend
critically on the M /® ratio in each clump.
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1. Introduction

The role that magnetic fields play in the formation of stars of all masses is far from
clear, but this is especially true for high-mass stars. Magnetic fields may play significant
or dominate roles in at least four areas: (1) in the formation of GMCs from which massive
stars form, (2) in fragmentation to form stellar-mass clumps, (3) in the support of clouds
against gravitational collapse, and (4) in transferring angular momentum outward from
collapsing cores. Clarifying the role of magnetic fields can only come through observa-
tions of magnetic field strengths and morphologies in regions of massive star formation.
Observations of magnetic fields in molecular clouds have now become a fairly routine
procedure, and many new observational results have been obtained in the last few years.
Most progress has been made in mapping polarized emission from dust, but many new
Zeeman observations have also been made, together with the first detections of linearly
polarized spectral lines. In this article I will review the observational results and focus on
using the existent data to discuss the role of magnetic fields in massive star formation.

2. Observational Techniques
2.1. Zeeman splitting

The Zeeman effect is the only available technique for measuring directly magnetic field
strengths in interstellar clouds (e.g. Crutcher, et al. 1993). To date Zeeman splitting
in the interstellar medium has been detected only in spectral lines of H I, OH, CN,
and H5O, although searches continue to be made in other species. The reason for this
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limitation is that strong Zeeman splitting is only found in species with an unpaired
electron, whose orbital angular momentum vector precessing in a magnetic field produces
Zeeman splitting proportional to the Bohr magneton. Most interstellar molecules have
paired electron spins, so any Zeeman splitting is proportional to the nuclear magneton,
three orders of magnitude smaller. If the Zeeman components are completely separated,
one gets the full strength of the magnetic field. Generally, however, the Stokes V spectrum
reveals the sign (i.e., direction) and magnitude of the line-of-sight component By,s. For a
large number of clouds whose magnetic fields are randomly oriented with respect to the
observed line of sight, statistically Bj,s = 1|B|.

2.2. Polarization of dust emission

Linear polarization of thermal emission from dust grains arises from elongated grains
with their short axes aligned, generally with B (Lazarian 2004). The position angle
of maximum emission will be perpendicular to B projected onto the plane of the sky,
By, so maps of polarized dust emission give the morphology of B,,,. Chandrasekhar &
Fermi (1953) suggested that analysis of the small-scale randomness of magnetic field lines
could yield estimates of the field strengths. Turbulent or MHD-wave motions will lead to
irregular magnetic fields, and the stronger the regular field, the more it will resist being
irregularized by turbulence. They showed that the magnitude of the irregularity of field
lines could yield the regular field strength in the plane of the sky: B,,s = Q/4mp §V/d¢,
where p is the gas density, 6V is the velocity dispersion, d¢ is the dispersion in polarization
position angles, and @ is a factor of order unity. Here we use @ = 0.5, a calibration based
on study of simulations of interstellar clouds (Ostriker, et al. 2001) that found that this
method could yield reliable results in molecular clouds so long as §¢ < 25°.

2.3. Spectral-line linear polarization

Linear polarization may also arise in radio-frequency spectral lines formed in the inter-
stellar medium, even when Zeeman splitting is negligible. Frequency-shifted o Zeeman
components come from levels that only emit or absorb circularly polarized radiation
parallel to the magnetic field or linearly polarized radiation perpendicular to the mag-
netic field, while the unshifted m Zeeman component requires linearly polarized radiation
parallel to the magnetic field. Therefore, anisotropic radiative excitation can unequally
populate the magnetic sublevels and result in linearly polarized lines, parallel or perpen-
dicular to the magnetic field. Which case holds depends on the angles between the line
of sight, the magnetic field, and the direction of the anisotropic line optical depth. Also
required is radiative dominating collisional excitation. Goldreich & Kylafis (1981) and
Kylafis (1983) discussed this effect in terms of a velocity gradient that would produce
anisotropic trapping of molecular-line photons, which then would produce radiative ex-
citation when re-absorbed. However, a continuum excitation source that occupies only a
fraction of 47 steradians may also produce anisotropic molecular excitation and linearly
polarized line radiation. Spectral-line linear polarization may be used to probe magnetic
field morphologies in molecular clouds, and the Chandrasekhar-Fermi method may be
applied to maps of spectral-line linear polarization to estimate field strengths.

2.4. Useful parameters

There are two very useful parameters which can be inferred from observations of magnetic
field strengths, the mass to magnetic flux ratio, M/®, and the exponent  in a power-law
representation of the scaling of field strength with density, B o p".

M/® is a measure of the relative importance of gravity, acting to collapse a cloud,
and magnetic pressure, acting to support it. M/® may be expressed in terms of the
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critical value at which gravity would be just balanced by magnetic support; we define
A = [M/®)observed/[M/®eriticar- Then A > 1 implies that the mass to flux ratio is
supercritical, and the field cannot support the cloud against collapse; A < 1 implies
that the mass to flux ratio is subcritical, and the field can support the cloud. Because
M/® x N/B, measuring column density N and magnetic field strength B allows inferring
M/®. However, since all three components of the vector B are seldom measured, and
since N is not generally measured along flux tubes, a statistical geometrical correction
is necessary. For a disk geometry, appropriate for a cloud supported by a magnetic field,
the corrected A is A¢ = Aops /3.

For B frozen into the gas, compression of the ISM purely perpendicular to B will result
in kK = 1; compression parallel to B produces x = 0. If a cloud becomes self-gravitating
but the magnetic field is very weak, an approximately spherical collapse is expected (since
B is too weak to impose a preferred direction on the collapse), in which case k = 2/3
is predicted (Mestel 1966). If magnetic fields support clouds and contraction occurs due
to ambipolar diffusion in cores, k & 0.4-0.5 is predicted (Mouschovias & Ciolek 1999).
Hence, the scaling exponent x in the B o p* relation is an important diagnostic of the
importance of the role of magnetic fields in cloud evolution.

3. Observational Results
3.1. Diffuse Interstellar Medium

Heiles & Crutcher (2005) reviewed observations of magnetic fields in the diffuse interstel-
lar medium. Results are that from the very low density Warm Ionized Medium through
dense H I clouds, up to the extended regions of dark clouds, the magnetic field strength is
approximately invariant: for 0.1 cm™2 < n(H) < 10® em ™3, B ~ 6 uG (see also Troland
& Heiles 1986). Exceptions hold in special cases, such as shells that have been compressed
by supernova. Moreover, diffuse clouds with n(H I) ~50 cm =2 are significantly subcritical
(Mops < 1) but not self-gravitating.

3.2. DR210OH

Figure 1 shows results for the high-mass star formation region DR210H; all three of
the observational techniques discussed above have been employed. In millimeter-wave
dust emission the main component of DR21OH consists of two compact cores with a
total mass of ~100 My (Woody, et al. 1989). The two CN velocity components are each
centered on a different one of the two compact cores. The region has signposts of high-
mass star formation: masers of OH (Norris, et al. 1982) and HoO (Genzel & Downes
1977), and high-velocity outflows powered by the two compact cores (Lai, et al. 2003),
but as yet no well-developed H II regions (since no continuum emission was detected at
15 GHz (Johnston, et al. 1984)). The dust and CO 2-1 linear polarization toward the
cores (Lai, et al. 2003) show that where both are detected at the same location, they
are orthogonal. Since the polarization of dust emission is perpendicular to the magnetic
field, this suggests that the magnetic field direction in DR210H is parallel to the CO
polarization and therefore parallel to the major axis of DR21OH. The dust polarization
data north of the cores suggest that B is along the minor axis to the north of the cores.
This morphology could be explained by a large-scale poloidal field directed approximately
north-south that has been twisted into a helical morphology toward the two high-density
cores seen in figure 1. This twist could have been produced by the orbital motion of the
double core; ultimately, as the twisting increased the local field strength, the field could
transfer angular momentum outward. The CO and dust polarization maps suggest that
magnetic fields are remarkably uniform throughout the region. Both the dust emission
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Figure 1. Left: BIMA map of DR210OH. Contours show the 1.3-mm dust emission, grey scale
shows the CO 2-1 line emission integrated over velocity, white line segments show the dust
polarization, and black line segments show the CO linear polarization. Right: IRAM 30-m CN
1-0 line profiles toward DR210OH. Observed data are histogram plots, fits are lines. Top panel
shows the Stokes I spectrum with two Gaussians fitted. Middle panel shows the mean Stokes
V spectrum for the four hyperfine components that have strong Zeeman splitting coefficients Z;
the bottom panel shows the three components with weak Z. B;,s was fitted independently for
the two Gaussian lines.

and the CN lines sample a density n(Hz) ~ 1 x 105 ¢cm3. The Chandrasekhar-Fermi
technique yields B,,s =~ 1 mG, compared with Bj,s = —0.4£0.1 mG and Bj,; = —0.7£0.1
mG inferred from the CN Zeeman detections (Crutcher, et al. 1999) shown in figure 1.
Combining these results, Byt =~ 1.2 mG and B is at an angle 8 ~ 55° to the line
of sight. If we accept that the total field strength is 1.2 mG and make no geometrical
correction, A ~ 2.0, or supercritical. However, the column density along B would still
be overestimated for disk geometry, by 1/cos55° &~ 1.7; so Ac ~ 1.2, or approximately
critical. Uncertainties in B,,s; and By, are sufficiently large that 6 is quite uncertain.
Cortes, et al. (2005) repeated the BIMA CO line mapping, but for the CO 1-0 line.
A remarkable feature of this map is that the 1-0 line polarization is perpendicular to
the 2-1 line polarization. The standard Goldreich-Kylafis theory cannot explain the two
CO transitions having orthogonal polarizations. However, if there is a second source
of anisotropy in the excitation of the magnetic substates of CO, it is conceivable that
the observations could be explained. Cortes, et al. (2005) investigated this possibility,
and found that the flux of infrared photons produced by warm dust in the two massive
cores could be sufficient to compete with CO line photon trapping excitation. If the CO
polarization originates in an envelope surrounding the core, then the infrared photons
would come from a limited area of sky — an anisotropic radiative excitation of CO. They
carried out a detailed numerical study of excitation of the first 10 rotational states of
CO by a combination of collisions, infrared photons from the central dust cores, and
trapped CO line photons in the envelope. At low line optical depths, CO line trapping
is not important and excitation of high J states of CO by infrared from the cores dom-
inates; the prediction is that the line polarization is parallel to the magnetic field. At
higher line optical depth, anisotropic photon trapping dominates, and line polarization
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Figure 2. Left: VLA H I absorption-line map of Bj,s (grey scale) in the “Orion Veil”, in front
of OMCI1. Contours show the 21-cm continuum. Right: Combined BIMA and JCMT map of
linearly polarized J =2-1 CO emission in the blue-shifted line wing toward OMC1.

perpendicular to the magnetic field is predicted. Because the J = 2 and J = 1 states
have different relative responses to the two sources of anisotropic excitation, it is possi-
ble for the domination to switch between continuum-photon excitation and line-photon
trapping at different line optical depths in the two CO lines. The result of this modeling
of the CO polarization has several astrophysical implications. First, the polarized CO
must arise in low density gas, n(Hy) ~ 100 cm ™3, suggesting that an envelope region of
the dense molecular cloud is being sampled. Since the CO and dust polarization maps
show a similar morphology, the magnetic field morphology is very similar between the
102 cm~? envelope and the 10 cm™2 core. Applying the Chandrasekhar-Fermi method
to the CO polarization, B ~ 10 4G is found, consistent with a ,/p scaling of B over these
density extremes. Finally, the model helps to constrain the geometry of the region and
its physical parameters.

3.3. OMC1

Orion Molecular Cloud 1 (OMCT1) is the closest region of OB star formation and probably
the most thoroughly studied. Troland, et al. (2005) used the VLA to map the Zeeman
effect in the absorption lines of H I and OH (figure 2). Because the molecular cloud is be-
hind the H IT region, these results refer to less dense, mainly atomic gas (called the “veil”).
Over most of the region, B ~ —50 uG. However, toward the northeast, in a region called
the “dark bay”, where molecular absorption and emission is seen, B ~ —200 uG. Because
the “veil” has typically only Ay ~ 1, dust and molecular-line emission in this direction
samples the much denser and massive background molecular cloud. Polarization of dust
emission has been mapped at wavelengths from the far infrared to the millimeter. Dust
emission polarization results (e.g., Houde, et al. 2004) show a fairly uniform polarization
pattern with the inferred direction of B perpendicular to the NNE elongated axis of the
molecular cloud, consistent with the magnetic field providing some support. Schleuning
(1998) reported an “hourglass” morphology to B; since it is the tension of bent field lines
that would provide support, an “hourglass” morphology is consistent with the molecular
core being supported by the magnetic field. Rao, et al. (1998) produced higher resolution
BIMA array maps of the dust polarization at A\ = 2.6 and 1.3 mm. The magnetic field
direction generally agreed with that of the lower resolution single-dish maps, except for
a region to the southeast of BN, where the position angles are shifted by almost 90°;
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Figure 3. Left shows the VLA map of the S106 continuum (black contours) and line-of-sight
magnetic field (white contours and grey scale. Right shows the SCUBA map of the dust polariza-
tion (line segments); the (0,0) position is 1950 =20 25 32.5, d1950 =37 12 50. The plane-of-sky
magnetic field is at right angles to the dust polarization; dotted and solid contours are of CO
and dust emission, respectively.

this may be due to mechanical grain alignment in the BN outflow. Rao, et al. (1998) also
inferred Bj,s < 35 uG in the H II region itself from the upper limit on Faraday rotation
of the 1.3 and 2.6 mm position angles as the polarized emission from the background
molecular cloud transits the ionized gas. Girart, et al. (2004) mapped linearly polarized
CO J=2-1 line emission by combining BIMA and JCMT data in order to obtain full
uv-plane coverage. Strong (~5%) polarization was generally seen in the line wings, with
much weaker polarization in the line center. At blue-shifted velocities the polarization
direction is very uniform (figure 2), while in the red-shifted line wing the polarization is
generally similar, except for a region in the east and southeast, where the position angle
is ~90°. The position angles of the CO and dust polarization generally do not agree in
detail, although both are generally in the range 20°-50°. Since the CO polarization is
sampling much lower density regions than is the dust polarization (see above discussion
of DR210H), this lack of detailed agreement is not surprising. However, the generally
uniform polarization patterns suggest a rather uniform magnetic field morphology that
is not entirely different in the two regions. Finally, Crutcher, et al. (1999) detected the
Zeeman effect in the N =1-0 lines of CN at 2.6-mm, inferring Bj,s ~ 0.4 mG. The CN
lines sample n(Hs) ~ 10° cm =2 and N (H,) ~ 2 x 10?3 ecm~2; these data yield A\¢ ~ 1.0 —
or a critical mass-to-flux ratio.

3.4. S106

Sharpless 106 is a compact, bipolar H II region embedded in an extended (~3 pc) molec-
ular cloud with M ~ 103 Mg and n(Hs) ~ 103 em 3. The H II region is about 0.5 pc in
length with a cylindrical morphology bisected by a central dust lane. A small young star
cluster is seen in the near infrared, with the most massive star (IRS 4) apparently being
a pre-main sequence massive (>15 Mg) O-type star that has formed by an accretion disk
process (Noel, et al. 2005). Roberts, et al. (1995) mapped the free-free continuum and
OH and H I absorption lines with the VLA and measured the Zeeman effect in OH and
H I (figure 3). The OH absorption lines show two strong components, with radial veloc-
ities of ~—1.5 km s~ and ~—4 km s~! and line widths of ~2 km s~! and ~5 km s,
respectively. The narrow line at ~—1.5 km s~! corresponds in velocity and width with the
CO emission seen over the extended molecular cloud, while the broad, blue-shifted line
is seen only toward the H II region and appears to be molecular gas shocked by the H II
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region. The narrow line therefore traces molecular gas that has not yet been affected by
the H II region. It is seen strongly in OH absorption only toward the eastern edge of the
H II region near the dust lane. Molecular emission-line maps show a dense (~105 cm™3)
clump that corresponds to the OH absorption. Roberts, et al. (1995) therefore argued
that their OH Zeeman map of this narrow line sampled the magnetic field in an undis-
turbed dense clump in this high-mass star formation region. Their map of Bj,s is shown
in figure 3. Bj,s has maximum of almost +0.5 mG south of the dust lane that crosses the
H II region, decreases to ~0.1 mG in the dust lane, and increases to ~0.4 mG north of
the lane. For the dense clump Ao =~ 0.3, which would be a subcritical mass-to-flux ratio.
Vallée & Fiege (2005) mapped dust emission polarization with SCUBA (figure 3). Their
map shows that the plane-of-sky field is roughly parallel to the long axis of the H II
region at the extreme east and west positions where dust polarization can be detected,
but that the field is twisted by ~90° in the central region. A 3D field morphology that
can explain all of the data is that the position angle of the plane-of-sky magnetic field
direction is ~20° over the extended molecular cloud, with the line-of-sight component of
the field pointing away from us; the value of the angle between the line-of-sight and B
is unknown. Toward the dust lane (disk) projected on the H II region, the field has been
twisted by ~90° into a toroidal configuration, perhaps by the rotation of the contracting
core that formed IRS 4 and the associated stellar cluster. This is similar to the situation
found toward DR210OH.

3.5. Maser Zeeman Observations

OH masers are found associated with the early stage of massive star formation, with
maser spots coming from the dense (~107 cm™3) molecular envelope surrounding the
massive star. Because of their brightness, they serve as signposts identifying sites of
recently formed massive stars, and can be used to study kinematic and physical conditions
in the dense molecular material. The ground state 2II5 /2,J =3/2 OH masers sometimes
have clearly identifiable Zeeman pairs, that imply milligauss magnetic field strengths.
Here By, is measured since the two Zeeman pairs are (generally) separated.

Argon, et al. (2000) surveyed 91 regions with the VLA A-array in both senses of
circular polarization simultaneously, in order to identify Zeeman pairs. Fish, et al. (2003)
analyzed this sample and found more than 100 Zeeman pairs in more than 50 regions.
Field strengths range from ~0.1 mG to ~10 mG. They derived a magnetic field direction
for each massive star formation region and looked for correlations, such as the correlations
between maser field directions and the large-scale Galactic field suggested by Davies
(1974) based on a much smaller data set. The more complete data did not show this
correlation, which if present would have required a preservation in field direction between
the very diffuse and the very dense gas.

Excited state OH (*Il3/5,J = 5/2 and J = 7/2) maser lines were observed by Caswell
(2003, 2004). The excited-state masers tend to have fewer components and “cleaner”
Zeeman pairs than the ground-state masers. Field strengths are similar to those found
in the ground-state maser lines.

Fiebig & Giisten (1989) detected Zeeman splitting in the (616—523) HoO maser lines
toward W 3, Orion KL, W49N, and S140 and inferred field strengths up to 50 mG. HoO
masers probe densities ~10879 cm™3. Because HoO does not have an unpaired electron,
the Zeeman splitting is proportional to the nuclear magneton, and only Bj,s could be
measured. Sarma et al. (2002) used the VLA to continue these studies, finding Bj,s &~ 13—
49 mG in four massive star formation regions. They argued that the masers arise in
C-shock regions, and that the magnetic and turbulent energies are close to equilibrium.
Sarma et al. (2001) used the VLBA to map four H,O maser spots in W3 IRS5, finding
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Figure 4. Left shows the high-mass star formation region magnetic field strengths plotted
against the volume density; the linear fit has a slope x = 0.44 4+ 0.09. Right shows the observed
mass to magnetic flux ratios, divided by 3 to correct for projection bias, in units of the critical
values; logAc = 0 is critical.

that Bj,s varied by a factor of three over 150 au but did not change sign. This might be
expected if the masers and magnetic field are entrained in a coherent outflow.

Unfortunately, uncertainties in the maser column and volume densities limit their
usefulness in determining A and k.

4. Discussion
4.1. Scaling

At low densities (n ~ 0.1-100 cm™3) it has been clear for some time that there is
no correlation of |B| with p (Troland & Heiles 1986); B =~ 6 uG is the mean value.
At densities above 10® cm™2, magnetic field strengths are higher. Figure 4 shows B,
plotted against volume density for the 11 high-mass star formation clouds. One finds
Kk = 0.44+0.09 for the B x p" scaling relationship. Fields in still denser regions sampled
by masers also seem to scale in this way, although the densities in the masing regions
are not precisely known. This x agrees with the strong magnetic support, ambipolar
diffusion model and not with the very weak field, spherical collapse prediction of k = 2/3.
However, one must remember that these objects are remnant clumps in regions where
high-mass star formation has already occurred. The progenitor clumps from which those
stars formed may well have had more mass relative to the magnetic support and have
collapsed at near a free-fall rate, with B scaling closer to p*/3 during that collapse phase.
In any case, the magnetic field data do show that magnetic fields are sufficiently strong
in regions of massive star formation to be dynamically important.

4.2. Mass-to-flux ratio

Figure 4 shows the geometry-corrected mass-to-flux ratios A¢ from Zeeman detections
for molecular clouds associated with high-mass star formation (Crutcher 1999). The
observations are distributed roughly equally above and below the A\¢ = 1 line that
divides subcritical and supercritical M /® ratios for disk geometries. Therefore, the data
suggest that A ~ 1; that is, the typical mass to magnetic flux ratio is approximately
critical. Although only data for high-mass star formation regions are shown in figure 4,

molecular clouds associated with low-mass star formation show a similar result — the
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Figure 5. Cartoon of how formation of molecular clouds by accumulation along flux tubes can
increase the observed mass-to-flux ratio.

mass-to-flux ratios are approximately critical. Again, however, one must remember that
what we can observe are the remnant dense molecular clumps in high-mass star formation
regions. Other clumps which were present in these regions in the past collapsed to form
the high-mass stars that are now seen. The mass-to-flux ratios in these clumps must have
been supercritical for them to have collapsed; we have no information about whether they
were formed supercritical and collapsed on a fast time scale, or had a period of magnetic
support with ambipolar diffusion overcoming magnetic support in the cores.

The fact that the mass-to-flux ratio is approximately critical in molecular clumps
within GMCs has an important implication for GMC formation and evolution. The field
in H I clouds, with n(H I) ~50 cm™3, is significantly subcritical. Hence, the H I data
suggest that the precursors to molecular clouds are significantly magnetically subcritical,
and the formation process has resulted in critical mass-to-flux ratios in molecular clumps
in GMCs. As noted above, compression perpendicular to field lines will result in B scaling
linearly with p, while compression parallel to field lines results in no change in B as p
is increased. This suggests that GMCs are formed by material accumulating along flux
tubes to form dense clouds (e.g., Hartmann, et al. 2001). Although this would not actually
increase the mass-to-flux ratio in a flux tube, observers of individual H I clouds in the
flux tube would infer a lower A than would be found after H I clouds aggregate to form a
single dense molecular cloud. Figure 5 shows how this change in A may have taken place.
The H I clouds 1 and 2 could (for example) have observed A = 1/2 but be located in the
same flux tube. Flows along the flux tube, either driven by turbulence or by the Parker
instability (Parker 1966), could cause mergers of H I clouds, producing clouds such as
cloud 3, that would have twice the mass but the same magnetic field strength. Hence, the
observed A of cloud 3 would be 1. A combination of accumulation of matter within flux
tubes, turbulence driven ambipolar diffusion (Heitsch, et al. 2004), and gravity driven
ambipolar diffusion (Mouschovias & Ciolek 1999) may all be important at different stages
in molecular cloud formation and collapse.

5. Conclusions

Data on magnetic fields in regions of high-mass star formation show that fields are
sufficiently strong to be dynamically important. They appear to play a role in the for-
mation of molecular clouds, for the fact that the density increases but the magnetic field
strength does not strongly suggests that compressional motions are primarily along field
lines. In the molecular clumps which remain in GMCs that have undergone formation of
massive stars, the mass-to-flux ratio is approximately critical; such clumps can further
contract in their cores and form stars through the action of ambipolar diffusion. The most
massive stars, that have already formed, may have been the result of mass accumulation
that produced supercritical clumps, that could evolve on a dynamical time scale to form
massive stars. The scaling of field strength with density for individual clouds further
supports the picture of dynamically important magnetic fields. But, as is often the case,
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the data on magnetic fields in molecular clouds remains quite sparse. A definitive answer
to the question of what role due magnetic fields play in massive star formation awaits
further observational and theoretical progress.

This work was partially supported by NSF grant AST 02-05810. I thank Tom Troland
for an enjoyable and productive collaboration on the study of interstellar magnetic fields.
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