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SKA Key Science Project: Cosmic Magnetism
Understanding the Universe is impossible without understanding
magnetic fields. They fill intracluster and interstellar space, af-
fect the evolution of galaxies and galaxy clusters, contribute sig-
nificantly to the total pressure of the interstellar gas, are essential
for the onset of star formation, and control the density and distri-
bution of cosmic rays in the interstellar medium.
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¥ Magnetic fields can be found everywhere.
¥ Magnetic fields affect everything.
¥ Magnetism is one of Nature’s fundamental forces, BUT its origin

and evolution in the Universe are still poorly understood.
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¥ Starlight Polarization

¤ dust grains align with magnetic field lines
¤ selective absorption by dust grains
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Fossalba et al., 2002
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¥ Starlight Polarization

¤ dust grains align with magnetic field lines
¤ selective absorption by dust grains

¥ Polarization of thermal dust emission.



Thermal Dust Polarization
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c©Planck Collaboration
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¥ Starlight Polarization

¤ dust grains align with magnetic field lines
¤ selective absorption by dust grains

¥ Polarization of thermal dust emission.
¥ Zeeman Splitting

¤ strong magnetic fields are splitting emission lines
in subcomponents

¤ distance between these components depends on
magnetic field strength
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∆ν ∼ B‖
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¥ observes neutral component ⇒

complement to synchrotron and RM studies

which probe the ionized component of the

ISM

¥ can be observed in absorption and

emission

¥ targets: atomic clouds, molecular clouds,

masers

¥ Milky Way and nearby galaxies
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¥ Starlight Polarization

¤ dust grains align with magnetic field lines
¤ selective absorption by dust grains

¥ Polarization of thermal dust emission.
¥ Zeeman Splitting

¤ strong magnetic fields are splitting emission lines
in subcomponents

¤ distance between these components depends on
magnetic field strength

¥ Radio Polarimetry

¤ Synchrotron emission
¤ Faraday rotation
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Detecting Magnetic Fields
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Kothes et al., 2017 Reich et al., 2002



WMAP at 23 GHz
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Ruiz-Granados et al, 2010
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Faraday Rotation

∆φ =
e3λ2

2πm2c4

∫

s

ne
~B · d~s = RM λ2

Rotation Measure: RM ∝
∫

s

B‖neds

∆φ: angle rotation
e: electron charge
m: electron mass
c: vacuum speed of light
s: pathlength along the line of sight
ne: electron density
λ: wavelength
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Typical value found for the Outer Galaxy:
RM ≈ −200 rad/m2

¥ 1420 MHz (21 cm): ∆φ ≈ 500◦

¥ 4850 MHz (6 cm): ∆φ ≈ 40◦

¥ 32 GHz (9 mm): ∆φ ≈ 1◦

Typical value found for the Inner Galaxy:
RM ≈ ± several 100s rad/m2

Towards the Galactic Centre:
RM & 1000 rad/m2 have been found.
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Widefield Polarimetry
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Mapping Rotation Measures
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Nearby Galaxies
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Fletcher et al., 2011



Nearby Galaxies
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Krause, 2009



The Milky Way Galaxy
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Van Eck et al., 2011 ⇒ Sun et al, 2008 ⇒ Jansson & Farrar, 2012



RMs in the CGPS

Bamberg – 28 / 40

Foster et al., 2013



The Warm Neutral Medium

Why do we care?

Manifestation of
interstellar magnetic
fields.

Interstellar Magnetic
Fields

Nearby Galaxies

The Milky Way

Summary

Bamberg – 29 / 40

The MIM and WNM can be linked by two observables:
rotation measure (RM ) and atomic hydrogen column
density (NHI ).

RM = 0.81 B‖

∫

ne dl

NHI = 1.82 × 1018
∫

TB dv =
∫

nHI dl

The ratio RM
NHI

is then related to the ionization fraction χe

χe =
ne

np+nHI
≃ 1

1+
nHI
ne

by

RM
NHI

≃ 2.632 × 102B‖

(

1

χe
− 1

)−1
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¥
RM
NHI

= −21.8 ± 1.5 rad m−2/1021 atoms cm−2

¥ within 100 pc of the sun: χe ≈ 0.08 (Jenkins, 2013)
⇒ B‖ = −0.95 ± 0.06 µG

¥ agrees with B‖ = −1.2 ± 0.5 µG (Van Eck et al.,
2011)
⇒ χe ≈ 0.07

¥ The large-scale magnetic field is tied to the warm
neutral medium.
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West et al., 2016, A&A 587, A148:
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West et al., 2016, A&A 587, A148:



SNRs in the Milky Way Galaxy
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West et al., 2016, A&A 587, A148:
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G182.4+4.3



G182.4+4.3
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G182.4+4.3 at 5 GHz (Effbg 100m)
B-vectors are overlaid.

RM map of G182.4+4.3
PI contours are overlaid.



G182.4+4.3
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¥ The ambient B-field is pointing to-
wards us from back left to front
right.

¥ Neglecting foreground RM gives
an upper limit for |Θ|.

¥ We fit Θ ≥ −4◦.
¥ If we assume that the foreground

B-field is about 4 µG and has the
same |Θ| as the SNR’s ambient
B-field, we find Θ = −2◦.

¥ This would indicate an azimuthal
magnetic field for the outer
Galaxy.
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Gaensler et al., 2011:

To

characterize the so-called depolarization canals, which
turned out to be indication of magnetic field turbulence.



Polarisation Gradients
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Herron et al., 2017:
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McClure-Griffiths et al., 2006:
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¥ Radio Polarimetry is the best tool to study the Galactic Magnetic
field.

¥ Synchrotron Emission reveals the Magnetic Field in the plane of
the sky and Faraday rotation its line of sight component.

¥ The distribution of turbulence as studied with the polarization
gradient method reveals a complex structure of magnetic
turbulence in the plane of the Galaxy.

¥ The mean regular magnetic field of the Milky Way is about 1 – 2
µG a factor of 2 or 3 lower than the total magnetic field.

¥ The regular Milky Way magnetic field is tied to the WNM and
generally follows spiral arms, but may get more circular towards
the Outer Galaxy.
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