FOREGROUNDS
Jodrell Bank

Rod Davies

GALACTIC AND EXTRAGALACTIC

November 19-30 2007

Winter School

XIX Canary Islands

Rod Davies Nov 2007

2

– from observations at Jodrell Bank, Bonn and
Parkes.

408 MHZ map of the Galaxy plotted in Galactic
coordinates
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Synchrotron emission is polarized at right
angles to the magnetic field direction and
consequently directly gives the field orientation
at the place of emission. Measurements of
synchrotron polarization are a major input to
mapping the Galactic magnetic field.

The synchrotron spectrum is steep with a
brightness temperature spectral index of -2.6 to 3.2, reflecting the energy spectrum of the
contributing relativistic cosmic ray electrons.

Synchrotron emission is widespread in the
Galaxy – it comes from supernova remnants
and from the diffuse Galactic disk. This
emission is from relativistic electrons spiralling
in magnetic fields.

TOPIC 1 : SYNCHROTRON AND FREEFREE EMISSION
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Π = (p+1)/(p+7/3) ~ 70%

Fractional polarization

I(ν) = N0B(p+1)/2ν-(p-1)/2 ~ να

N(E)dE = N0E-pdE whence

The CR energy spectrum is
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where ne is in cm-2 and B is in gauss.

Faraday Rotation θ = 8.1x105⌡neBdL rad/m2

As a consequence, high energy electrons lose energy
faster leading to a steeper high frequency spectrum.
The steepening is ∆β = 0.5.

t½ = 1/(120B2E) years where B is in gauss.

The half life of a relativistic electron of energy E is

Larmor frequency is ν0 = eB/2π mc.
The maximum synchrotron power occurs at
νc = 3/2 γ2. ν0 ~ 4.2Bγ2 MHz with ν in MHz and
B in gauss.
The relativistic electron energy E = γE0 where E0 is
the rest energy of the electron ( 0.51 MeV)

Synchrotron Emission
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Free-free emission results from collisions
between thermal electrons and protons and other
ions. It is a tracer of star formation which
ionizes the abundant interstellar hydrogen. This
ionized component , although comprising only a
few percent of the mass of the interstellar
medium, locks all the gas to the magnetic field
through collisions.
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Secondly , the free-free continuum although mixed with synchrotron
emission can be separated by virtue of its flatter spectrum.

The ionized gas on the Galactic plane can be investigated in the radio
in two ways. Firstly, radio recombination arising from transitions
between adjacent high order energy states of hydrogen give a direct
measure, although weak ( see over a map at l=40 degrees longitude of
the H166-alpha line).

This hot ionized gas can be traced in the optical regime through the
recombination lines of hydrogen , principally the H-alpha line.
Surveys of the H-alpha emission give the distribution of ionized
electrons at intermediate and high Galactic latitudes but not on the
Galactic plane where dust absorption occurs ( see the map above)

FREE-FREE EMISSION

-1.15
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⌡Tldν /Tc = const ν Te

2.1
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so that Tl/Tc ~ 0.01(ν/GHz) for dv =20kms-1

Radio Recombination Lines in Local Thermodynamic Equilibrium.

S = 2kTbΏ/λ2

The Flux Density of an object is
given by :--
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From Dickinson et al. MNRAS 2007
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From Dickinson, Davies,
Davis , 2003, MNRAS, 341,
369
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WMAP fields dominated in turn by free-free, dust and synchrotron
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Right:- The latitude distribution of synchrotron and
o
free-free emission at a Galactic longitude of ~ 35 at a
frequency of 1 GHz. Note the much narrower width
of the free-free; this is the region of most intense starformation.
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•Bottom:- the free-free emission has a temperature spectra index of -2.18.
the expected value for a gas at 8,000K is -2.15 at this range of
frequencies.

•Top:- the “synchrotron” spectral index between different WMAP
frequency bands. A steepening from -2.7 to -3.25 towards the higher
frequencies is seen. Actually we are looking at “anomalous emission” –
see below. The true synchrotron emission at these frequencies is
relatively weak.

The radio spectrum of Galactic emission at
intermediate and high latitudes as assessed by the
WMAP team.

