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Magnetic fields - I.

• source of extra pressure (ie. support)
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Magnetic fields - II.

• magnetic braking

• jets and outflows

• magneto-rotational instability 
in discs (Balbus/Hawley)

transport angular momentum:
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The impact of magnetic fields on single and binary star formation 11

Figure 9. Results of binary star formation calculations using a magnetic field initially oriented perpendicular to the rotation axis (ie. initial field in the

x−direction). As previously times are given in units of the free-fall time, tff = 2.4 × 104 yrs and magnetic field strength is expressed in terms of the

mass-to-flux ratio in units of the critical value, corresponding to B = 40.7, 81.3, 108.5, 163 and 203µG from top to bottom respectively. The transition from

a binary to a single protostar occurs at a lower field strength than with the initial field aligned with the rotation axis.

pressed for smaller cloud radii and enhanced for larger radii but

with similar trends in the influence of the magnetic field.

4.2.2 Initial field perpendicular to the rotation axis

Results of binary star formation calculations beginning with a mag-

netic field oriented perpendicular to the rotation axis (that is, with a

field initially in the x−direction) are shown in Figure 9. As in Fig-
ure 6 some general trends are clear: increasing the magnetic field

strength leads to a delayed collapse and increasingly suppresses bi-

nary formation. In this case, however, the transition from a binary

to a single star occurs earlier (that is, a single star is formed at

M/Φ = 5 in Figure 9 compared to M/Φ = 4 in Figure 6) and
the binary perturbation is increasingly deformed by the magnetic

field, which at higher field strengths results in a “double bar-like

collapse” (most evident in the higher field strength runs in Figure 9.

As previously, the global trends (delayed collapse and tran-

sition to a single star) are the result of the extra support provided

to the cloud by magnetic pressure alone. This is demonstrated by

Figure 10 which shows the results of similar calculations (that is,

with fields initially perpendicular to the rotation axis) but with mag-

netic tension forces turned off. In this case the transition to a single

star occurs for even lower magnetic field strengths (atM/Φ = 10).
This indicates not only that magnetic pressure is providing the dom-

inant role in suppressing fragmentation but also that magnetic ten-

sion can act to dilute the effect of magnetic pressure, even aiding

binary formation. We note that Boss (2000, 2002) similarly con-

cluded that magnetic tension forces can act to promote fragmenta-
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Figure 10. Results of binary star formation calculations using a magnetic field initially oriented perpendicular to the rotation axis (ie. initial field in the

x−direction), as in Figure 9 but with magnetic tension forces turned off. The transition from a binary to a single protostar occurs at a lower field strength when
magnetic tension forces are excluded (i.e., magnetic tension aids binary formation).

tion, albeit using a simplistic approximation to model the affect of

magnetic fields.

Comparing the middle column of Figure 10 to the pressure-

only calculations with an aligned magnetic field shown in Figure 7

also demonstrates that the effect of magnetic pressure is dependent

on the field geometry, acting more like a equivalent thermal pres-

sure when the field is aligned with the rotation axis.

The deformation of the binary perturbation in Figure 9 is not

evident in the tension-free calculations (Figure 10), indicating (as

one might expect) that this effect is the result of the gas being

squeezed by the magnetic field lines. It is this squeezing due to

magnetic tension that acts to hold up the rapid transition to a single

star with increasing field strength observed in the tension-free runs

and thus dilute the effect of magnetic pressure in suppressing frag-

mentation. The magnetic field, being in this case aligned along the

binary perturbation, effectively acts as a “cushion” between the two

stars which prevents their merging. This effect, which we hence-

forth refer to as “magnetic cushioning”, is graphically illustrated

in Figure 11 which shows the magnetic field (arrows in left panel,

overlaid on a column density plot) and integrated magnetic pressure

(right panel) in the M/Φ = 10 run (corresponding to the second
row of Figure 9) at tff = 1.35. The “cushion” formed by the mag-
netic field between the two stars is clearly evident, and it is this

“magnetic cushion” which prevents the binary system from merg-

ing to form a single star (and also produces the wonderful symme-

try in the spiral arms).

The results shown in Figure 9 are quantified in Figure 12

which shows the binary separation as a function of time for the

magnetic field strengths shown in Figure 9 and may be compared

with the corresponding figure (Figure 8) for the runs with the field

aligned with the rotation axis. As previously, prior to sink particle

formation, we compute the separation of two density maxima in

opposite hemispheres. In the stronger field runs (M/Φ = 4 and
M/Φ = 5) the binary perturbation is strongly deformed by the
magnetic field, producing the observed increase in separation ob-

served at tff ∼ 1.2. The binary separations are in each case smaller
than the equivalent runs using a field aligned with the rotation axis,

which demonstrates that the effect of the magnetic field of the bi-

nary system is stronger in this case. The effect of magnetic cushion-

ing is also apparent in the fact that the runs withM/Φ = 20, 10 and
7.5 show a trend of increasing binary separation at closest approach
(tff ∼ 1.35), in contrast to Figure 8 (although all the separations
are smaller than in the aligned-field runs).

5 DISCUSSION

We have conducted a study of how magnetic fields affect the col-

lapse of homogenous molecular cloud cores and cores with initial

m = 2 density perturbations. In both cases, the presence of a mag-
netic field produces a delayed collapsed, with a longer delay for

stronger fields. This affect is easily attributed to the effect of the

magnetic pressure on the collapse. The magnetic field gives extra

support to the cloud over the thermal pressure alone; rather than act-

ing like a cloud whose ratio of thermal energy to the magnitude of

gravitational energy α = 0.26 (or 0.35 in the axisymmetric mod-
els), the effect of the magnetic field is to raise the effective value of

α.

5.1 The effect of magnetic fields on protostellar discs

In the homogenous simulations, we find that a single protostar (sink

particle) is formed and surrounded by a disc. Stronger magnetic
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Theoretical questions
1) What is the effect of magnetic fields on fragmentation? 
suppress or enhance? effect on IMF?

2) Role of magnetic pressure vs magnetic tension? extra 
support, magnetic braking, magnetic cushioning.

3) Magnetic fields -> outflow connection? what are the necessary 
ingredients for outflow production?

4) What are the effects of magnetic fields on the star 
formation rate/efficiency? support of low density regions, 

suppression of accretion, generation of outflows.

5) What are the important numerical issues to get right? 
resolution criterion for MHD?

6) Importance of non-ideal effects? ambipolar...hall...resistive. In 
what order?



1) In which magnetic regime are local molecular 
clouds? super/sub critical, super/sub Alfvenic, beta < 1 or beta > 1? 
e.g. Crutcher, Bourke, Heiles etc.

2) Do magnetic fields have an observable effect on 
molecular cloud morphology and/or kinematics?
magnetically supported voids? anisotropic turbulent motions? 
column density striations? e.g. Taurus

3) What is the origin of magnetic fields in molecular 
clouds? turbulent dynamo or drop-out from galactic magnetic field? 
e.g. observations of Han & Zhang 2007

Observational questions
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refs: Crutcher (1999), Bourke et al. (2001), Heiles & Troland (2004)

CNM
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GMCs?

1) In which magnetic regime are local molecular 
clouds? super/sub critical, super/sub Alfvenic, beta < 1 or beta > 1? 
e.g. Crutcher, Bourke, Heiles etc.



2) Do magnetic fields have an observable effect on 
molecular cloud morphology and/or kinematics?
magnetically supported voids? anisotropic turbulent motions? 
column density striations? e.g. Taurus



Taurus Molecular Cloud (Brunt/Heyer)



Figure 1: Integrated intensity of 13CO in Taurus. The scale of antenna temperature corrected for main beam efficiency runs from
0.5 K km s−1 to 10 K km s−1. The strongest emission comes from the “molecular ring”, the B18 cloud, and the L1495 filament.

Figure 2: Integrated intensity of 12CO in Taurus. The scale of antenna temperature corrected for main beam efficiency runs from
1.0 K km s−1 to 12 K km s−1. The diffuse emission is seen in the center and upper left portion of the image. The very striated
nature of this gas is particularly striking. Note also the filaments extending from almost all of the boundaries of the highly molecular
regions.

Protostars and Planets V 2005 8268.pdf

12CO
Goldsmith, Heyer, Brunt et al. (2007)
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“A hole...[where] it appears 
that some agent has been 
responsible for dispersing 

the molecular gas” 



3) What is the origin of magnetic fields in molecular 
clouds? turbulent dynamo or drop-out from galactic magnetic field? 
e.g. observations of Han & Zhang 2007

612 J. L. Han and J. S. Zhang: Magnetic fields in molecular clouds and HII regions

Fig. 2. The medians of field measurements from Zeeman splitting of OH masers (cross and circles) in 137 objects or HI or OH lines of 17 molecular
clouds (plus and squares) projected onto the Galactic plane, with the rough indication of spiral arms and the magnetic field directions (arrows)
derived from pulsar RM data. The linear sizes of the symbols are proportional to the square root of the field-strength values, with limits of
0.5 and 9 mG for fields from the median maser fields and of 15 µG and 270 µG for median cloud fields. The crosses or pluses on the right
(0◦ < l < 180◦) represent positive B, ie. the field direction going away from observer, and circles or squares going towards us. The symbols on the
left (180◦ < l < 360◦) are reversed, so that all crosses and pluses are consistent with the clockwise fields viewed from the Northern Galactic pole,
and all circles and squares with counterclockwise fields.

Fish et al. (2003a), most measurements (8 crosses or pluses
of 10 data) outside the solar circle are consistent with a CW
large-scale field nearer than or around the Perseus arm. Second,
most data points (circles) in the Carina arm are consistent with
a counterclockwise (CCW) large-scale field derived from pulsar
RMs. As noticed by Fish et al. (2003a), masers (crosses) in the
Sagittarius arm at distances farther than 6 kpc show a coherent
sense of CCW field direction that is in contrast to the large-scale
field from pulsar RMs. However the location of the arm has a
large uncertainty, very probably shifted inwards (see Cordes &
Lazio 2002). Third, between the Carina-Sagittarius arm and the
Crux-Scutum arm, Zeeman splitting data show the very domi-
nant CW sense (crosses). Going inwards, one can see that data
(more circles) are dominantly consistent with CCW large-scale
fields in or near the Crux and Scutum arms. The data (crosses)
near the Norma arm show a reversed CW field, consistent with
the directions of the interarm field derived from pulsar RM data.
If the large uncertainty of kinetic distances of molecular clouds
or maser regions is considered, such field reversals are similar to
those newly identified by Han et al. (2006) from pulsar RMs.

3.3. Indication for large-scale field reversals?

Fish et al. (2003a) suggested that the magnetic fields revealed by
masers are ordered or correlated on a scale of a few kpc. Here we
tried to check the sense-correlation of the data shown in Fig. 2.
If there is no significant correlation, then the data do not contain
information about large-scale fields.

We take +1 for all crosses or plus in Fig. 2, and −1 for all
circles or squares. Thus, a median field of maser region with a
direction consistent with CW sense is marked as +1, and that

Fig. 3. Correlation for senses of magnetic field data in Fig. 2. The error-
bars were estimated by

√
N/2, here N is the total number of pairs in a

bin. See text for details.

with CCW as −1. If a pair of regions at a given distance have
the same sense, they are correlated, and if they have the opposite
sense, they are anti-correlated. We consider the net correlation
pair numbers at different separation distances.

The results are shown in Fig. 3: pairs of objects with a sepa-
ration of less than 3 kpc tend to a null correlation, due to either
random fields or ordered fields along the spiral arms with op-
posite senses. If they are separated by 2 to 4 kpc, they tend to
have the opposite sense. If they separated by 4 to 8 kpc then they
tend to have the same sense. Considering the negative-positive
oscillation of data probably due to sign-clusters associated with
different spiral arm or interarms, though with only marginal
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