
The LITMUS Procedure to Detect Magnetic Helicity
Reconstructing the Faraday Depth Map of the Galaxy

Helicity in the Milky Way?

The Faraday Sky
Map Making and Helicity Inference

Niels Oppermann

with H. Junklewitz, G. Robbers, T. Enßlin
arXiv:1008.1246

Pushchino, May 18, 2011

Niels Oppermann The Faraday Sky



The LITMUS Procedure to Detect Magnetic Helicity
Reconstructing the Faraday Depth Map of the Galaxy

Helicity in the Milky Way?

1 The LITMUS Procedure to Detect Magnetic Helicity
Magnetic Helicity
Test Cases

2 Reconstructing the Faraday Depth Map of the Galaxy
Critical Filter Formalism
Results

3 Helicity in the Milky Way?
Further Test Cases

Niels Oppermann The Faraday Sky



The LITMUS Procedure to Detect Magnetic Helicity
Reconstructing the Faraday Depth Map of the Galaxy

Helicity in the Milky Way?

Magnetic Helicity
Test Cases

Local
I nference
Test for
Magnetic fields,

which Uncovers
heliceS

Junklewitz & Enßlin (2010), arXiv:1008.1243
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H =

∫
~j · ~B dV
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Synchrotron Emission

magnetic field + charged particles
~B-component ⊥ LoS

polarized ⊥ ~B⊥

Faraday Rotation

magnetic field + polarized background source
~B-component ‖ LoS

rotation of polarization plane ∝ λ2

→ Faraday depth φ =
∫

ne
~B · d~l
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According to Henrik...

〈Pφφ〉 ∝ ε2H ⇒ 〈GP∗〉 ∝
(∫ ∞

0
dk

εH(k)

k

)2
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P = |P| e2iα

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

T2 : R2 → C
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Taylor et al. (2009)
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Wiener Filter

m =

∫
Ds s P(s|d)

d = Rs + n

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

Assumptions

signal field s := φ
p(ϑ)

s statistically homogeneous
⇒ S(x , y) = 〈s(x)s(y)〉 = S(x − y)
s statistically isotropic
⇒ S(x , y) = 〈s(x)s(y)〉 = S(|x − y |)

⇒ S(`,m)(`′,m′) = δ``′δmm′C`

s Gaussian field
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Wiener Filter

m =

∫
Ds s P(s|d)

d = Rs + n

m = Dj , where
j = R†N−1d

D =
(
S−1 + R†N−1R

)−1

Critical Filter

m = Dj

C` =
1

2` + 1
tr
((

mm† + D
)

P`

)
Enßlin & Frommert (2010), arXiv:1002.2928

Enßlin & Weig (2010), arXiv:1004.2868
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contributions of all scales
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Test case with non-trivial electron densities:
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Conclusions

Critical Filter works.

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

⇒ LITMUS test does not work on galactic scales.

Outlook

Incorporate several datasets.

Allow for uncertainty in the measurement errors.

Increase resolution in order to detect helicity on small scales.
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