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Cosmic Magnetism

Magnetic fields are the hidden (dark) agent  of 
baryon physics across the universe  

Two outstanding questions: 

★The origin of magnetic fields 

★Their role in the formation of galaxies, stars 
and planets 

The structure of magnetic fields may be traced 
with polarization observations from the cosmic 

web to planets



Outline

★The magnetic facet of interstellar turbulence 

★Magnetic fields and star formation 

★Magnetic fields and feedback 

★Origin and evolution of cosmic magnetic fields

Science objectives 

Observational Methods
Showcase of a few recent results



Observational methods
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PI at 30GHz (Planck) with negligible Faraday rotation
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Oppermann+ 2012
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Faraday Synthesis

Brentjens & de Bruyn 2008



Credit: V. Jelic





Polarized thermal dust emission essentials

     

Least likely orientation

Most likely orientation

~B

~B

~E

• Grains are aspherical, charged, rotating, and aligned preferentially perpendicularly to the local magnetic field 
• Cross sections are proportional to the size, so grains emit more radiation parallel to their long axes 
• Polarized thermal emission arises, with an orientation perpendicular to the local magnetic field
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Why are grains aligned with the field?

‣ Interstellar grains spin like tops around their 
axis of maximal inertia. Their rotation axis 
precesses around the magnetic field lines. 

‣Dissipation of precession energy and/or 
torques lead to alignment with the field.  
Alignment may be associated with 
paramagnetic relaxation or radiative torques.  
H2 formation can also locally contribute. 

The degree of grain alignment may vary, but 
it is difficult to discriminate this possibility from 

magnetic field structure

Grain Alignment

Lazarian 2007



What are we measuring?
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★To the extent that grain polarization 
properties, including alignment, are 
homogeneous, dust polarization (both 
ψ and p) track the magnetic field 
structure. 
★This hypothesis is widely accepted 

for the diffuse ISM but debated for 
shielded interiors of molecular clouds



Dust opacity

Planck collaboration (2014)

Dust opacity traces dust mass



Polarized dust emission

Planck collaboration (2015)



Magnetic field and ISM structure

Overview paper Planck collaboration (2015)





Zeeman effect
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Star formation

How does gravity become the local dominant 
force to allow for star formation ? 

In the diffuse ISM HI Zeeman measurements show that

Egrav << Eturb ⇡ Emag

★For gravity to win, matter has to decouple from the 
magnetic field and/or the magnetic flux/energy must 
be dissipated through magnetic reconnection  

➡At what physical scales and over what timescale this 
occurs?



Interstellar turbulence 

How turbulence  shapes the magnetized ISM ? 

★Turbulence creates a range of density structures in interstellar 
matter and locally the initial conditions for star formation  

★Turbulence drives the mass, momentum and energy exchange 
among ISM phases  

★Energy equipartition is observed between kinetic and magnetic 
energy in galaxies, the diffuse ISM and star forming molecular 
clouds 

★Interstellar turbulence may not be understood without access to 
the structure of magnetic field, and its correlation with the density 
and velocity structure of the gas



Feedback

How feedback from massive stars impacts magnetic 
fields and vice versa? 

★Feedback is central to our understanding of star 
formation and galaxy evolution  

★The role magnetic fields play in feedback is ignored 
due to the lack of relevant data 



Origin and evolution of cosmic magnetic fields 

How have magnetic fields evolved in galaxies and 
clusters over cosmic time? 

When and how was the Universe magnetised? 

★Rotation measure grid: structure of B in Milky Way but also 
galaxies, clusters and IGM 

★Deep polarisation fields and Mg II absorbers: evolution of B in 
normal galaxies and  in AGN over cosmic time 

★Synchrotron cosmic web: direct imaging of intergalactic B, 
probes origin of cosmic magnetism



Summary

★Cosmic magnetism is a main research topic for the next decades 
involving complementary perspectives from several main 
observatories including ALMA/NOEMA & LOFAR/SKA 

★Polarization observations can uniquely address key questions on 
interstellar magnetic fields 

‣ How turbulence shapes the magnetized ISM? 
‣ How does gravity becomes the local dominant force to allow for the 

formation of stars and their planetary systems? 
‣ How feedback from massive stars impacts magnetic fields and vice 

versa? 

★SKA polarization observations will allow us to characterize magnetic 
fields at high redshift including the cosmic web


