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Predictions

I If kinetic helicity due to cyclonic turbulence:
⇒ opposite signs above and below the plane

e.g.: Ferrière (1998), Brandenburg et al. (2014)

I Due to helicity conservation:
⇒ opposite signs on small and large scales

e.g.: Subramanian (2002)

I If helicity flux dominates kinetic helicity:
⇒ same sign on all scales, but opposite signs above and
below the plane

e.g.: Vishniac et al. (in prep.)



1. What?
2. Why?
3. How?



Synchrotron

for nCRE(E ) ∝ E−γ :

P(λ) = Q(λ) + iU(λ) ∝ λ γ−1
2

∫
dz nCRE B

γ+1
2
⊥ e2iχ



Dust



Faraday rotation

β ∝ λ2 φ(rsource)

φ(rsource) ∝
∫ 0

rsource

ne(~x)Br (~x)dr



Junklewitz et al. (2011)
Oppermann et al. (2011)

LITMUS procedure
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LITMUS procedure
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but:

Junklewitz et al. (2011)
Oppermann et al. (2011)



Faraday rotated synchrotron radiation

P(λ) ∝
∫ ∞
0

dz p(z) e2i λ
2 φ(z)

in general: Faraday depolarization



Brandenburg et al. (2014)
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simulations of helical turbulence

The Astrophysical Journal, 786:91 (12pp), 2014 May 10 Brandenburg & Stepanov

Figure 10. Correlation between RM and ⟨P/p0I ⟩ for cases with positive and
negative current helicities. The size of the symbols reflects the value of B2/B1
in Figure 7.

fields their method is more sensitive to current helicity than to
magnetic helicity, which has the opposite sign in the example
considered in Figure 10.

6. TURBULENCE-GENERATED MAGNETIC FIELDS

In this paper we have analyzed an extremely simple model
of astrophysical magnetic fields. One potential problem is the
fact that the actual magnetic field possesses not just two scales,
but there is a continuous spectrum of scales. The other problem
is that the line-of-sight magnetic field is not constant, so φ(z)
becomes nonlinear and is different for each line of sight. To
assess how the results from our idealized models are affected
by these issues, we now analyze a snapshot from a turbulence
simulation exhibiting large-scale dynamo action.

In our model, turbulence is driven through helical forcing, as
was also done in Brandenburg (2001), where the forcing acts
only in a narrow band of wavenumbers with an average value
kf that is five times larger than the smallest wavenumber that
fits into the computational domain, |k1|. Thus, k2/|k1| = 5. The
resulting kinetic energy spectrum is, however, continuous for
k > kf and extends until the dissipative cutoff wavenumber,
whose value depends on the Reynolds number; see Figure 1(b)
of Brandenburg et al. (2012) for a higher resolution simulation.
To model the effects of a significant line-of-sight magnetic field
in a physically meaningful way, we include shear. Our model
is thus similar to that of Käpylä & Brandenburg (2009), where

dynamo waves are found to travel in the span-wise direction.
The boundary conditions are (shearing) periodic, and the kinetic
helicity has the same sign throughout the computational domain,
so there is no equator in this model.

Our simulation has been carried out using the Pencil Code5

with a resolution of 1923 mesh points and is characterized by the
magnetic Reynolds and Prandtl numbers, Rm ≡ urms/ηkf = 120
and PrM ≡ ν/η = 1, respectively, as well as the shear parameter
Sh = S/urmskf = 0.16. Here urms is the rms velocity of the
turbulence, η is the magnetic diffusivity, ν is the kinematic
viscosity, and S = |∇U | is the shear rate of the mean flow U .

It turns out that the nonlinearity of φ(z) is a much more
serious problem than the existence of a continuous spectrum of
scales. To demonstrate this, we begin with the best-case scenario
assuming B∥ = const, so φ(z) is linear in z. As in Figure 6, we
consider first the complex variable B, which characterizes the
perpendicular magnetic field component in the projected plane
of the sky; see left column of Figure 11. Its Fourier transform
along the line of sight, B̂(2λ2), averaged over all points in the
plane, shows clearly the small-scale magnetic field with positive
helicity at 2λ2/|λ2

1| = +5 and the large-scale magnetic field with
negative magnetic helicity at 2λ2/|λ2

1| = −1, corresponding to
the lowest wavenumber of the domain. For B∥ = const and
σ = 2, we can compute |P (2λ2)| as the Fourier transform
of B2. Its average over all points in the plane shows peaks at
2λ2/|λ2

1| = −3 (which is slightly lower than the expected value
−2) and at +9 (which is slightly below the expected value of
+10). Thus, we may tentatively conclude that the presence of a
continuous spectrum of scales in the magnetic field has a less
serious effect on the polarization peaks than the nonlinearity of φ
that will be discussed next. There is, however, a peak at λ2 = 0,
which we have not seen in the two-scale model. A more detailed
inspection shows that the overall depolarization is generally
rather strong when the field is turbulent. This weakens the
compensation of depolarization by helicity (Section 2), leaving
behind the finite polarization at λ2 = 0 due to the contribution
of a mean B⊥ along the line of sight. We have verified that the
removal of a mean B⊥ by replacing B⊥ → B⊥ − ⟨B⊥⟩∥ can
reduce the peak at λ2 = 0 in most cases.

5 http://pencil-code.googlecode.com/

Figure 11. B̂(2λ2) (upper row) and P (2λ2) (lower row) for turbulence-generated magnetic fields with k2/|k1| = 5, ignoring line-of-sight variations of B∥ (left column),
and including variations, shown in regions where R is positive (middle column) and negative (right column). The arrows with numbers indicate particular peaks that
are discussed in the text.
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(anti-)correlation between Faraday rotation and polarization degree

Brandenburg et al. (2014)
Volegova et al. (2010)



Magnetic helicity – summary

1. What?

I twistiness or handedness of magnetic field

2. Why?

I may tell us if, why, and how the Galactic dynamo works

3. How?

I need all three B-field components in 3D
I combine observables
I details not entirely clear
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