RADIO ASTRONOMY 17.9.

} TODAY:

Emissiormechanisms
Galacticexamples

RadioMilkyWay

The Planck one-year all-sky suruey Eesa

NB. Emission mechanisms in detail , and
basic Galactic astronomy are covered
in ELEC-E4210 Introduction to Space.




EMISSION MECHANISMS

1 Differentkindsof spectraY differentemission
mechanismsanbe identified(andphysicaprocessek

+ Usuallythere are several
emissiommechanismat
work In one source

1 Spectrakenergy
distribution SED




Blackbodyradiation

Lineemission
Zeemansplitting(pre-work)

Synchrotronemission __ Basics in
Polarisationpre-work)
Faradayotation (pre-work)

Compton/ inverseCompton
emission

Bremsstrahlung _
Maseremission



https://mycourses.aalto.fi/course/view.php?id=20915&section=4

SYNCHROTRON EMISSION (non-thermal )

1 Relativistielectronsin amagnetidield
1 Emitsin anarrow conein the direction of movement

} Active galaxiesradio galaxiegMVlilkyWay;, pulsars
supernovaemnants
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PULSARS - rapidly spinning neutron stars

} Discovered by their regular radio pulses
difficultto detectin the optical(smallluminosity

1 Strong magnetic field (80 102 G) tilted at an angle of
45° 0 90° to the rotation axis.

} LinearpolarisationFaraday rotation. P

1 Radio pulsemsY s, with steady increas
(rotation slows down) or rapid sudden
jumps (Mass mMoVe mg

AAAAAAAAA

Bill Saxton, NRAO/AUI/NSF


http://www.youtube.com/watch?v=mXzwtp-KaoI

DISCOVERY OF PULSARS 1967
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http://www.bigear.org/vol1no1/burnell.htm

PULSAR TIMING

} Shap&)f IndIVIduabulseS Crab Pulsar P5R1509-58 Yela Pulsar
canbe erratic -
characteristiqrofile by
Integratinghundresof
Individualpulses Thisis
then comparedio model
profilesto determinethe
time of arrival

Optical

No known Pulse
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Period = 33 msec Period - 150 msec Period - §9 msec

Time in Fractions of a Pulse Period




+ Angular momentum of a neutron star steadily decreased
by the emission oém radiation, neutrinos, cosmic ray
particles, possibly gravitational radiatittSR 1913+1)6

rotation slows down

Age of a pulsar for Age: _ n (S)
which n << nq (n_ 1)/#

N = pulsar rotation frequency, s 1

Ny, =pulsar rotation frequency at pulsar age zero, s 1

n = braking index



1 Addition to lecture slides:
1 Around 2300 found.

} Max life of a pulsar is approx. 10 to 100 million years.
After slowing down enough the radio pulsar mechanism
most likely turns off.

} More info, for examplehere and


https://www.cv.nrao.edu/course/astr534/Pulsars.html
http://www.jodrellbank.manchester.ac.uk/research/research-groups/pulsars-and-time-domain-astrophysics/

SUPERNOVA REMNANTS (SNR)

} Most SNRdetectedonly at radiofrequencies
synchrotron radiation
} Irregular, bright in the middle, rapidly rotatipgiisar
continuously ejects relativistic electrons
Pulsar wind nebula

} Ringlikestructure or shell, no pulsar, B
energy from the supernova explosior
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MICROQUASARS

} Radioemitting X-ray binarysystems
A normalstar accretesmatter onto its compact component
(blackhole or neutron star).

The accretion disk is very luminous in the optical anda)
regimes.

Relativisticjets at
radio frequencies




TWO MAIN TYPES OF BLACK HOLE

>3M, - 14 M,

6 7 9
Observed in x -ray 10> 1 10% M,

binary systems Observed in the

centres of galaxies



Millions of Light Years
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HIGHER ENERGIES

} Compton emission
high energy photon interacts with an electron

the photon losesenergyandcoolsdown, the frequencyof the
emissiondecreases

the energy of the electron increases
} Inverse Compton emission (IC)
high energy electron interacts with a photon
the photon gainsenergythe frequencyof the emissionncreases
the electron loses energy and cools down
1 Synchrotron self -Compton emission (SSC)
electrons scatter their own synchrotron photons



SYNCHROTRON + IC

Log vL, [erg s7!]

Spectral energy distributions of active galactic nuclei

(Lecture 26.9.)
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BREMSSTRAHLUNG ( thermal )

1 A free electroninteractswith a (charged ion and
changedts velocityvector (Y brakingradiation

} lonisedgasor plasma:

InterstellarandintergalactidydrogenHIl aroundvery hot
stars hot anddenseplasma in th&entresof activegalaxies

galaxyclusterg
} Temperaturel0 000 K- 1(° K

Lag [,

Lag frequency (vh

Chandra/ Coma cluster



H Il (1onized hydrogen )

} Emission nebulae, HiRgions
+ Typically around hot O type stars
} Hionized by UV radiatioftemperature8000- 10 000 K




H Il oRadio

Radio continuum emission from bremsstrahlung

Can be used for calibration of radio observations.
Recombination line emission at radio frequencies

Y H (5.01 GHz)

Measure radial velocities of HII regions and from those
obtain distances using the rotation law of the Galaxy.

In addition to the 21 cm (1.4 GHz) line of HI.
Temperature of the region can be obtained from the relatic

between line emission and continuum emission (depends
lonization).



H Il region NGC 3603 (5 GHz & optical )
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