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Synchrotron radiation
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all-sky map of Galactic contribution to Faraday depth in rad/m?
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Faraday rotation
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synchrotron radiation
for ncre(E) x E77:
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Faraday rotated synchrotron radiation
for ncre(E) x E77:

P()\) o )\7 / dZ nCRE B% l(arctan(g—y)—i-%) 62i>‘2 fozdz/ nc(z’) BZ(Z/)



Faraday rotated synchrotron radiation
for ncre(E) x E77:
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Faraday rotated synchrotron radiation
for ncre(E) x E77:
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Faraday rotated synchrotron radiation
for ncre(E) x E77:
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Relevant observables

Correlations and helicity
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» parametric models
» see Jansson & Farrar (2012a,b)
> fit to WMAP synchrotron map and extragalactic RMs
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Coherent component
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Jansson et al. (2012)

Random components
> Bordered ~ 1-35Bcoherent

> Bisotropic ~ Bordered
2 2
» = B dered + B;

or isotropic
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Relevant observables
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How random is random?
> correlation structure of the magnetic field

» cross-correlation of the field components



Magnetic correlation tensor
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Magnetic correlation tensor

(Bi(%) Bi(X))) = My(%, )

assumptions

statistical homogeneity:
M;ij(%,X") = Mjj(X — X')
& My(k, k) = (27)® 6@ (k — k') f;(k)



Magnetic correlation tensor

(Bi(%) Bi(X))) = My(%, )

assumptions

statistical homogeneity:
M;ij(%,X") = Mjj(X — X')
& My(k, k) = (27)® 6@ (k — k') f;(k)

statistical isotropy and solenoidality:
A kikj ,
fij(k) - (511 - k2j> MN(k) - ’ﬁijk% MH(k)




Magnetic correlation tensor

in helicity basis



Magnetic helicity
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Magnetic helicity Why bother?
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Magnetic helicity Why bother?
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Magnetic helicity Why bother?

T » Galactic magnetic field
(probably) generated by
dynamo
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Magnetic helicity
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Magnetic helicity

left-handed vs. right-handed

Why bother?

Galactic magnetic field
(probably) generated by
dynamo

seed field tiny = negligible
helicity

helicity conserved
large-scale helicity observed

small-scale helicity (of
opposite sign) predicted
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left-handed vs. right-handed



left-handed vs. right-handed
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Test for random magnetic field in a box with

> My (k) o <1+ (kko)2>

> MH(k) = :i:MN(k)

—a2

for each line of sight: product of fdé% |P| and [d¢¢|P|
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left-handed vs. right-handed

aternatively:

> (E(¢)B(¢p+d¢)¢d) S0



more sophisticated:

P(My, My|P) = /Dé P(P|B) P(B|Mn, My) P(Mp, My)



Summary

» Foreground emission sensitive to all three B-field components
» Problems for statistical analysis:

» no radial localization (only in ¢-space)
» distribution of electrons not known
» non-isotropic magnetic fields



