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Theory: Magnetic field components

coherent
isotropic random

“ordered random”



Synchrotron

for nCRE(E ) ∝ E−γ :

P(λ) = Q(λ) + iU(λ) ∝ λ
γ−1
2

∫
dz nCRE B

γ+1
2
⊥ e2iχ



Synchrotron

Haslam et al. (1981)



Synchrotron

Hinshaw et al. (2009)
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Dust

Hall (1949)



Dust

Planck Collaboration Int. XIX (2014)
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Dust

Planck Collaboration Int. XXI (2014)



Faraday rotation

dβ ∝ λ2ne(~x)Br (~x)dr

⇒ β ∝ λ2
∫ 0

rsource

ne(~x)Br (~x)dr



Faraday rotation

Faraday depth: φ ∝
∫ 0

rsource

ne(~x)Br (~x)dr

β = φλ2
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Faraday depth: φ ∝
∫ 0

rsource

ne(~x)Br (~x)dr

β = φλ2

source itself
cosmic web

galaxies and clusters
Milky Way



Faraday rotation

Galactic Faraday depth:

φg ∝
∫ 0

rMilkyWay

ne(~x)Br (~x)dr

source itself
cosmic web

galaxies and clusters
Milky Way



Faraday rotation

41 330 data points



Faraday rotation

Oppermann et al. (2012/2014)
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Faraday rotation

Oppermann et al. (2012/2014)



Rotation measure synthesis

Faraday rotated synchrotron radiation

P(λ) ∝
∫ ∞
−∞

dφ p(φ) e2i λ
2 φ(z)

⇒ p(φ) =

∫ ∞
−∞

dλ2 P(λ2) e−2i λ
2φ

Faraday dispersion function



Rotation measure synthesis

GMIMS (here: northern, ca. (1.3 - 1.8) GHz)

Wolleben et al. (2010)
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Rotation measure synthesis

GMIMS (here: northern, ca. (1.3 - 1.8) GHz)

Wolleben et al. (2010) Oppermann et al. (2012)
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Magnetic field modeling

Fletcher et al. (2011) Tüllmann et al. (2000)



Magnetic field modeling

Haverkorn (2014)



Magnetic field modeling

Coherent component
in plane out of plane

Jansson et al. (2012a,b)



Magnetic field modeling

Random components
isotropic “ordered”

Bordered ‖ Bcoherent

B2
ordered ∝ B2

coherent

Jansson et al. (2012a,b)



Magnetic field modeling

An outside observer

Jansson et al. (2012a)



Helicity

I H =
∫
A · B

I produced in many dynamo
scenarios

I observed (tentatively) on
large scales

I present on small scales?



Helicity

Junklewitz et al. (2011)
Oppermann et al. (2011)
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Brandenburg et al. (2014)
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Brandenburg et al. (2014)



Helicity
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Summary

disk field spiral
one reversal

pitch angle ca. 12◦

azimuthal halo field

X-shaped out-of-plane component
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Thanks.

See you at dinner.


