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COSMIC MAGNETIC FIELDS
SEEING AND MEASURING THE INVISIBLE . R

B A (& : 3 ".:' 2 ":.‘.. .:,- . - s g ‘t'.,‘.‘ 2 dae s .
‘o g : l-.}-‘-'i e ReBoy ks Nkl Ty SRR LA 0 N o ~ S
1B 3 '-:,%‘. “ o -.lf ’ . . g ' -v,_ LA | \ E. .:,".- .
; i ety RS R B S —9 th flerds are everywhere around us.
: 1A own abo tthelr orlgln(s) and' evolutlon

- r, 5 . ’

coiours danc1ng
1 ‘}OG.S the night sky n

, ‘The Nérthern lights —°
.| also known as the aurora
| borealis — occur when
| charged particles in the
e . . - solar wind interact with
o LA o TV - | the Earth’s magnetic

o o | fela.

9
r

Backgfound eredit: The National Geogj'rabhic’s'Sl;lort Film. Sﬁowcasé by Alexis Coram



B = Wy 3 < -

NATIONAL TSING HUA UNIVERSITY

THE BIG PICTURE
Charge.d particles emit light as they"'
spiral along the magnetic fields of
the Sun and the Earth. Seeing the

light allows us to trace the otherwise
invisible magnetic fields! ; :

On larger scales, we use radio
‘observations to trace the magnetic
fields. : !

The direction-of ’
- the polarised light’
: emitted by ‘dust
Magnetic arches towering tells us the

over the active solar surface : magrjetlc f.' eld
’ . ] orientation.
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Magnetic fingerprint
of our Galaxy — the oo IRESEE . oAy ,
Milky Way B _FEREPV | Can we similarly

infer the magnetic

field properties in

| galaxy clusters and
beyond?
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The solar wind carries with it
. the Sun’s magnetic field that

" interacts with the Earth’s’ '
' magnetosphere (in blue). a0
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SOME RESULTS B | Faraday rotation measure (RM) at radio wavelehgths is commonly .

used to diagnose large-scale magnetic fields.

The correlations in the observed RM fluctuations (RMF) is used to
probe the length scales on which magnetic fields vary.

w00 200 o 200 00 ARV examine the

- conventional RMF
analyses for
magnetic field
diagnostics in the

~ context of polarised - -
radiative transfer.
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The conventional
R L e S R\MVIF analyses do

’ ~ not work for fractal
~and lognormal

' density distributions.

The conventional RMF analyses cannot

distinguish between the RM maps, where

the top panels are generated from :

Gaussian-distributed densities and

§ | , magnetic field strengths, ' whereas the

S e TR bottom panels from uniformly-distributed
densities and magnetic field strengths.




TAKE-HOME MESSAGES '

We cautlon against mterpretatlons of RMF analyses
when the characteristic density is ill-defined — e.g.

Iognormal -distributed and fractal-like density structures.

Density fluctuations can mask the effect of magnetic
field fluctuations, affecting the correlation length of -
magnetic fields inferred from the conventlonal RMF
analyses. i T

The spatial correlations are generally not the same
along the line-of-sight and across the sky plane.

In complex situations, a covariant polarised radiative
transfer calculation is essential to properly-track all
radiative and transport processes, otherwise the
interpretations of magnetism in galaxy clusters and
larger scale cosmological structures would be
ambiguous.
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