A view of the radio universe
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Outline

* Electromagnetic spectrum
— Effects of the atmosphere
* Radio emission mechanisms

- Continuum

* Black body (planets, Moon)

* Free-free (HII regions)

* synchrotron (SNRs, radio galaxies, quasars, nanoquasars)
- Spectral lines

* 21 cm hydrogen

* Thermal molecular lines

* masers (star formation, old stars)
— Other

* Pulsars (maybe curvature emission)



Spectrum

THE ELECTROMAGNETIC SPECTRUM
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Atmospheric Window
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The sun at 5 GHz (VLA




Common radio astronomy bands

Band Wavelength KFrequency

P-band 90 cm 327 MHz
[L-band 20 cm 1.4 GHz
C-band 6.0 cm 5 GHz
X-band 3.6 cm 3.5 GHz
U-band 2.0 cm 15 GHz
K-band 1.3 cm 23 GHz
Q-band 7 mm 45 GHz




The sky (RA/Dec)

e From PAPER north and south 150MHz
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Sky at 408MHz (Jodrell/Parkes)




Overview (Galactic coordinates)
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The galaxy as our eyes see 1t




The galaxy as radio telescopes see 1t




Emission at radio frequencies

— Any time you accelerate a charged particle it
radiates

Black body radiation (thermal motion)
Free-free emission
Synchrotron and cyclotron radiation

There are also spectral lines in radio

21cm hydrogen line radiation

Molecular lines

— Cosmic masers

..and the list goes on ...
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Free-free radiation 1n an 1onised gas
(bremsstrahlung)
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Orion Nebula (HST)




Orion (radio)
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Synchrotron radiation

Magnetic

ynchrotron Radiation

N\

Spiraling
electrons




Jupiter




Synchrotron radiation




Quasar 3C175

fuasar 3C175 )

YLA Gom image (o) NEAD 1996




Cygnus A

Hot Spot  Counter Jet  Core Jet Hot Spot

Parts of a DRAGN (Cygnus A)




Centaurus A




Centaurus A




21-cm spectral line radiation

Formation of the 21-cm Line of Neutral Hydrogen
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The HI sky -galactic coordinates




The 21cm line can be used to map
galaxies

By studying the 21 cm line, we learn the following:

velocity of neutral hydrogen clouds (from Doppler shifts)
rotation of our galaxy and other galaxies (from Doppler shifts)

distribution of neutral hydrogen (HI) in our galaxy and in other
galaxies (from images)

ti}ldafl i)nteractions between galaxies (from 1images and Doppler
Sh11ts

?mount of gas 1n the interstellar medium (from strength of the
nes)

With the SKA we can look at distant galaxies out to extreme
distances and learn about dark matter and dark energy from the
size and membership of galaxy clusters



(Galactic rotation

Differential rotation. greater
angular speeds closer to the
galactic center.
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Spectra of HI in the
Galaxy






TIDAL INTERACTIONS IN M81 GROUP
Stellar Light Distribution 21 cm HI Distribution




Galaxy Dynamics in THINGS — The HI Nearby Galaxy Survey
THINGS

NGC 2403 — Gas and Stars

Color Coding:
THINGS Atomic Hydrogen
(Very Large Array)
Oild etare
(Spitzer Space Telescope)
Star Formation
15,000 light years (GALEX & Spitzer)

Color coding:

NGC 2403 — Rotation THINGS HI distribution:

~— Rotation Curve

VLA THINGS: Walter et al. 08
Spitzer SINGS: Kennicutt et al. 03
GALEX NGS: Gil de Paz et al. 07
Rotation Curve: de Blok et al. 08




E The HI Nearby Galaxy Survey (THINGS) ’i H

\,

F. Walter, E. Brinks, E. de Blok, F. Bigiel, M. Thomley, R. Kennicutt




The “antennae’




Spectral Lines

* Different molecular lines trace out different
chemical and physical conditions

— For example around 1onized gas cloud (HII

region)

* Also recombination lines (high energy level
versions of Balmer etc.) found around HII

regions



J—

o
—_
W

@
-

7~
o
o
o
4V,
-
N”’
a
@)
o |
.
©
a
:..
(9}
Q
A

19801558
Right Ascension (J2000)




~~
o
o
@)
AN
-
| —
g
O
o |
.
©
=
:.
(9]
Q
A

19801™55°
Right Ascension (J2000)




CH3CN COres
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CH,CN spectrum
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Masers

* Narrow lines (non-thermal)

* Very intense
* Molecular lines — H,O, OH, CH,OH, NH,, S10

— Water, OH radical, methanol, ammonaia, silicon
monoxide

* Need external "pump' to force the molecules 1n a
cloud into a meta-stable state

— They fall to lower state like dominoes- but all at
once



Methanol masers 1n starforming
regions
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Water maser distribution in
NGC 4258




The Crab supernova remnant
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Crab 1n X-ray, optical & radio




Pulsars

Discovered accidentally by Jocelyn Bell & Tony
Hewish in 1967

They were looking for scintillation
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“I got it on a fast recording. As the chart flowed under the pen I could see that the signal was a series of
pulses . . . 1% seconds apart.” (Deflections are down).



Pulse train from Vela
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Pulsars — rotating neutron stars

ANEUTRON STAR: SURFACE and INTERIOR Mass 1.4 M__
i ol ;| Radius 10 km
omogeneous & A0 n o o o
Matter i “ u " ' . . .
" . & Vil ) Surface — crystalline solid, density
__ 1 tonne/cc
— Outer core — solid with free neutrons
< ENVELOPE .
\ SR Inner core — neutron superfluid,
B OUTER CORE d=108 tone/cc

INNER CORE
Possible solid central core;
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