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dβ ∝ λ2ne(~x)Br (~x)dr

⇒ β ∝ λ2

∫ 0

rsource

ne(~x)Br (~x)dr
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Challenges

Regions without data

Uncertain error bars:

complicated observations
nπ-ambiguity
extragalactic
contributions unknown
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Assumptions

linear data model d = Rs + n

Gaussian signal field s ←↩ G(s, S)

s statistically isotropic ⇒ S(`,m)(`′,m′) = δ``′δmm′C`

Gaussian noise n←↩ G(n,N)

noise uncorrelated ⇒ Nij = δijηiσ
2
i
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m =

∫
Ds s P(s|d)
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j = R†N−1d
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Wiener Filter

m =

∫
Ds s P(s|d)

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

assume priors for parameters
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Wiener Filter

m =

∫
Ds s P(s|d)

m = Dj , where
j = R†N−1d

D =
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)−1

Extended critical filter
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I nference
Test for
Magnetic fields,

which Uncovers
heliceS

Junklewitz & Enßlin (2011)
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~A · ~B dV
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P = |P| e2iα

G = T2 (∇φ) = (∂xφ+ i∂yφ)2 = |G | e2iγ

T2 : R2 → C

Niels Oppermann The Faraday Sky



Reconstructing the Galactic Faraday sky
The LITMUS Procedure to Detect Magnetic Helicity

Helicity in the Milky Way?

Magnetic Helicity
Test Cases

P = |P| e2iα

G = T2 (∇φ) = (∂xφ+ i∂yφ)2 = |G | e2iγ

T2 : R2 → C

Niels Oppermann The Faraday Sky



Reconstructing the Galactic Faraday sky
The LITMUS Procedure to Detect Magnetic Helicity

Helicity in the Milky Way?

Magnetic Helicity
Test Cases

P = |P| e2iα

G = T2 (∇φ) = (∂xφ+ i∂yφ)2 = |G | e2iγ

T2 : R2 → C

Niels Oppermann The Faraday Sky



Reconstructing the Galactic Faraday sky
The LITMUS Procedure to Detect Magnetic Helicity

Helicity in the Milky Way?

Magnetic Helicity
Test Cases

P = |P| e2iα

G = T2 (∇φ) = (∂xφ+ i∂yφ)2 = |G | e2iγ

T2 : R2 → C

Helicity

Re (GP∗) > 0

According to theory...

〈Pφφ〉 ∝ ε2
H ⇒

〈GP∗〉 ∝
(∫ ∞

0

dk
εH(k)

k

)2

Junklewitz & Enßlin (2011)
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contributions of all scales
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Test case with non-trivial electron densities:
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Summary

Extended critical filter produces excellent map with

angular power spectrum
robustness against outliers

LITMUS test works, provided the electron densities don’t vary
too much.

⇒ LITMUS test has problems if electron density varies on
scales of helicity.

Outlook

better maps are available:

Faraday depth from Oppermann et al.
synchrotron polarization from Planck
thermal dust polarization from Planck
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