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Figure 1. Cartoon illustrating the three components of the magnetic field
and how they relate to the three observables of total synchrotron intensity (I),
polarized synchrotron intensity (PI) and the Faraday RM. The variance of
these is also of interest, as shown in the case of σRM. (Note that the situation
is the same for dust emission, which is also polarized perpendicular to the
magnetic field due to grain alignment.)

this paper call the ordered plus coherent field, but we find that usage
confusing and prefer to think of them as three distinct components.)

The coherent fields are assumed to probe processes such as
galactic-scale dynamos, while the small-scale random component
probes turbulent processes in the interstellar medium (ISM). The or-
dered component is thought to result from the effects of larger-scale
shearing dynamics, compression, etc. on the random component.
This component is often neglected for simplicity (see e.g. Burn
1966).

In external galaxies, the synchrotron emission is compared to
the thermal emission to study how the magnetic fields correlate
with the ionized gas in the galaxy. The arms seen in total intensity
tend to follow the arms seen in thermal emission, but the same is
not true of the polarized intensity. This has two implications. First,
the random component is often significant, perhaps dominant, in
the spiral arms, thus lowering the polarization fraction. Secondly,
the ordered and coherent fields may be strongest in ‘magnetic arms’
distinct from the spiral arms traced by the diffuse ionized gas (DIG)
component. As reviewed by Beck (2009), NGC 6946 is an example
where the magnetic arms appear to be between the arms traced by
thermal emission, while M 51 appears to have magnetic arms on
the edge of the spiral arms.

Though we cannot assume anything about how the magnetic
field components correlate with the DIG, Fig. 2 shows that the syn-

Figure 2. The three primary tools we use for studying the magnetic field in
the plane of the galaxy are the synchrotron total intensity (top) from Haslam
et al. (1982), the synchrotron polarized intensity (middle) from Hinshaw
(2009) and the RM data (bottom) from Brown et al. (2003, 2007) averaged
into roughly 6◦ bins. The field structures that we can perhaps infer from
the profile of these data along the plane are indicated. The vertical lines
mark interesting sightlines (solid for positive RM, dashed for negative),
also shown in Fig. 4, showing what may be tangents to arm features. Also
shown in orange is the estimate for the free–free contamination which has
been subtracted from the total emission at 408 MHz (dotted green line; see
Section 2.1).

chrotron emission has clear step features that have been thought
to correspond to arm tangents (e.g. Mills 1959 or Beuermann,
Kanbach & Berkhuijsen 1985). The RMs also indicate field rever-
sals that may be related. Learning how the field varies in strength,
direction and coherence across a spiral arm traced by diffuse gas
will inform theories of how the fields are generated and maintained
in the dynamic environment of the magnetized interstellar medium
(MIM).

In this work, we take a first step towards disentangling these
components in our own Galaxy. Since we cannot look down upon it
from above to determine where the magnetic arms lie relative to the
DIG spiral arms, we are limited to looking through the plane. Our
ongoing project is to see whether the profiles in total and polarized
synchrotron emission can distinguish arm ridges in the different
components, but for this work we assume that they all peak in the
same ridges. We do not, however, constrain those ridges to lie where
the DIG spiral arm ridges are thought to be, but instead use the data
to constrain the orientation of the magnetic spiral arms. We leave it
to later work to determine if the data can distinguish models where
in addition to independent magnetic arms, the peaks in the three
components do not coincide.
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I parametric models

I see Jansson & Farrar (2012a,b)

I fit to WMAP synchrotron map and extragalactic RMs



Coherent component

Jansson et al. (2012)

Random components

I Bordered ≈ 1.35Bcoherent

I Bisotropic ≈ Bordered

I ⇒ B2
ordered + B2

isotropic

> B2
coherent
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How random is random?

I correlation structure of the magnetic field

I cross-correlation of the field components
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Magnetic correlation tensor

in helicity basis

ê± =
1√
2

(i êθ ± êφ)

〈
B+(~k)B∗+(~k ′)

〉
= (2π)3 δ(3)(~k − ~k ′) (MN(k) + MH(k))〈

B−(~k)B∗−(~k ′)
〉

= (2π)3 δ(3)(~k − ~k ′) (MN(k)−MH(k))〈
B+(~k)B∗−(~k ′)

〉
= 0
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Why bother?

I Galactic magnetic field
(probably) generated by
dynamo

I seed field tiny ⇒ negligible
helicity

I helicity conserved

I large-scale helicity observed

I small-scale helicity (of
opposite sign) predicted
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Test for random magnetic field in a box with

I MN(k) ∝
(

1 +
(

k
k0

)2)−α/2
I MH(k) = ±MN(k)

for each line of sight: product of
∫
dφ dχ

dφ |P| and
∫
dφφ |P|



MH(k) = +MN(k)



MH(k) = −MN(k)
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left-handed vs. right-handed

aternatively:

I 〈E (φ)B(φ+ dφ)φ〉 ≶ 0



more sophisticated:

P(MN ,MH |P) =

∫
D~B P(P|~B) P(~B|MN ,MH) P(MN ,MH)



Summary

I Foreground emission sensitive to all three B-field components
I Problems for statistical analysis:

I no radial localization (only in φ-space)
I distribution of electrons not known
I non-isotropic magnetic fields


