CERN, Geneve, June 2006




e from Sun: 5.204 AU
perlod around Sun: 11.86 years
ter radius: 71,400 km (11.209 Re)

?}Ro‘ra‘hon period: 9 hr 55 min 29.7 s



6th International Workshop on
,Planetary Radio Emissions” (PRE VI)

Bernhard F. Burke‘(MIT USA): i
Planetary Radio Astronomy Flfty Years Ago and Eifty Years Hence

April 20 - 22, 2005
Graz, Austria



The early days of
Planetary Radio Astronomy

© with kind permission of American Geophysical Union



The early days of
Planetary Radio Astronomy

© with kind permission of American Geophysical Union

Bernie Burke
in PRE VI Proceedings 2006:

,Finding that Jupiter
was a powerful source
of radio noise was
completely unexpected
fifty years ago.



The early days of
Planetary Radio Astronomy

Bernie Burke
in PRE VI Proceedings 2005:

,Finding that Jupiter
was a powerful source
of radio noise was
completely unexpected
fifty years ago.

The textbooks had

nothing to say about

what the radio properties
of the planets might be ...”

© with kind permission of American Geophysical Union



The early days of
S Planetary Radio Astronomy

Antennas: :
BV, e gelicisl @i dalsle i[5 INStitution of Washington

© with kind permission of American Geophysical Union



The early days of
| Planetary Radio Astronomy

3 months of observations
Jan, Feb, March 1955

Antennas: :
WV S elRelsmlsi E @ cacle il Institution of Washington

© with kind permission of American Geophysical Union



The early days of
| Planetary Radio Astronomy

3 months of observations
Jan, Feb, March 1955

received by JGR
April 1955

Antennas: :
WV S elRelsmlsi E @ cacle il Institution of Washington

© with kind permission of American Geophysical Union



The early days of
| Planetary Radio Astronomy

3 months of observations
Jan, Feb, March 1955

received by JGR
April 1955

published in June 1955

Antennas: :
WV S elRelsmlsi E @ cacle il Institution of Washington

© with kind permission of American Geophysical Union



The early days of
Planetary Radio Astronomy

@ with kind permission of American Geophysical Union




Radio Modulation

Rotation modulation

Modulation by
planetary rotation

1000 1

Synoptic decametric
observations over

long time intervals:

= rotation period of

] core of Jupiter
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Number of events

(Genova et al., 1987: observations at Boulder 1960 - 1975, at Nancay 1978 — 1984;
Warwick et al., 1975; Leblanc et al., 1981, 1983; Leblanc and Gerbault, 1987)
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Nature of Radio Emission

Fundamental property of planetary radio emission:

Non-thermal radio emission is mostly generated as emission
of gyrating electrons in high latitudes of magnetized planets.

f~f1,
f =_L1¢€B
ce 2z m

In the case of Jupiter at frequencies received on terr. ground,
l.e. ~>10 MHz: RH (LH) polarized from northern (southern)
hemisphere, X-mode (fast extraordinary magneto-ionic) mode,

emitted close to its local cut-off frequency: f = f,
( f, = f.ina strongly magnetized/depleted plasma)
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lo - Jupiter Interaction

Electric field E at the
position of lo across the
lo flux tube (IFT):

£ =V, xB]

Potential difference across IFT :

D ~ 411kV

DAM emission cone

Decameter Radio Emission from Jupiter
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Ganymede and Europa footprints

Polar emission
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Dynamic Spectrum of
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Dynamic Spectrum of
Jupiter Radio Emission

Cassini RPWS, September 18, 2000
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Jupiter Radio Nomenclature @

Jovian Radio Components (Kaiser, JGR 1993; Carr et al., 1983)

DIM synchrotron (trapped MeV electrons) ~ 80 MHz-300 GHz

DAM — auroral-DAM —l0-DAM ~ 2 —40 MHz
(lo-independent) (lo-dependent)

HOM extension into lower frequ. range ~0.2-2 MHz

KOM =~ bKOM (auroral zone) ~ 10 - 1000 kHz

= nKOM (lo torus) ~40 - 200 kHz

Continuum, myriametric rad., (outer magnetosph.) ~ 0.1 — 30 kHz



DIM synchrotron (trapped MeV electrons) ~ 80 MHz-300 GHz
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Radio Generation Mechanisms @

Radio emission from planetary magnetospheres:

Classification of three categories by generation mechanism
(Kurth et al., GRL 24, 2167-2170, 1997)

 Generation by Cyclotron Maser Instability (CMI)

loss cone distribution: Wu and Lee, ApJ 1979;

shell distribution: Pottelette et al., JGR 2001,

Ergun et al., GRL 1998; Treumann, R.A., Planetary radio emission
mechanisms, in : Radio Astronomy at Long Wavelengths, Stone et al. (eds.),
Geophys.Monograph, vol.119, 13, 2000; Ergun, R.E., PRE VI, 2005.

« Conversion of ES waves into EM waves at @, e
(linear [e.g. Jones, 1988], nonlinear [e.g. ROnnmark, 1992])

e Emission at 2f, from planetary bow shock
(Gurnett, 1975)



Cyclotron Maser Mechanism @

General dispersion equation for right-handed mode:

k2 B C()2 B ,Lloe2 a)“- of /avperp

V2odvodv, =0
c®  4am

perp perp
@ — kparvpar — /7/

K ...wave number

w... frequency of the wave

0

... local gyrofrequency
V... Lorentz factor
m... electron mass



Cyclotron Maser Mechanism

General dispersion equation for right-handed mode:

2 2 of [ov
k2 o 0)2 o ﬂoe wJ:[ = perpdvperpdvpar — O
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0= +io
weC
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Imaginary part of wave = growth rate
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Do\ iiennnn, plasma frequency
d(function) ... Dirac function



Cyclotron Maser Mechanism

Auroral Kilometric Radiation, AKR

Electron velocity
distribution outside
of AKR source region £[s’m™]
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Cyclotron Maser Mechanism

Auroral Kilometric Radiation, AKR

Loss cone boundary
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Deviation from Maxwellian distribution
due to electron loss by high atmospheric
particle collisions.




Cyclotron Maser Mechanism

F%?T Eesa Surve% DF
1997-02-02/21:02:07.056 - 21:02:07.372
M 1g-153

Electron distribution

Within the AKR source 50104} Measurements within AKR
source region by Fast Auroral
SnapshoT (FAST) Satellite:

(Carlson et al., 1998 and references)

Electrons with
energies < 1 keV
not considered

Perpendicular Velocity (km s™1)
(=]

_ Freee energy from
qaofh o ,shell electron distribution®
A10° s10* o 5 (Winglee and Pritchett, 1986;
Parallel Velocity (km Ergun et al., 2001)

Contour 1 Contour 2
Loss-cone maser ‘ Loss-cone Instability ShellInstablhty - Shell maser
kg =-23x10"m =0
fJ =fee T 5 kHz =f.,-4kHz
fre = 380.3 kHz £..=580.3 kHz

Terrestrial Radio Emission: AKR
(Ergun et al., PREV, 271, 2001)



Wave Generation: Summary

Cyclotron Maser Instability as generation-and wave
amplification mechanism

(Wu and Lee, Astrophys. J., 230, 621, 1979)

Particles in regions of velocity distribution with
of Iov, >0 and of [ov,,, >0

perp

have ,free" kinetic energy for transformation in
electromagnetic wave energy

Resonance condition with consideration of
relativistic effect

Maximum amplification for R-X mode



Shuttle Shuttle

55 The proof of direct and in-situ

observations of a radio source
IS at present only possible at Earth.

Courtesy Schreiber
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Auroral Kilometric Radiation (AKR):
source and related oval feature

adapted from Mutel et al., 2003

Courtesy Schreiber
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Hollow Cone Model of Jovian Arcs

Hollow cones at
each gyrofrequency

Field line
fixed to Jupiter
or Io flux tube.

Rotation causes arcs

Leading Trailing
Edge Edge

Frequency

Time (or Longitude)
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Saturn Orbit Insertion (SOI) July 1, 2004
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Voyager 2

P
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Figure 5

Voyager 2 observations of the Saturn kilometric
radiation, the solar wind ram pressure, and the
interplanetary magnetic field strength, ballistical-
ly propagated from the point of observation
(= spacecraft) to the interaction point (position
of Saturn). Note the good coincidence of the
upper two profiles and the sudden decreases of
the parameters during Jovian magnetotail
events, indicated by bars in the second panel
(DOY’= day of year) (Rucker and Desch,
1986).

DOY 1981

140




Istant Jupiter magnetotal

- |
PRA  10db| "KM J
4 - ‘

'TAIL'—/. - - - - emm mmas - eae ' m '

100

PLS NS i
DENSITY MWWW MW
{em3) i N

" 103
100%

a >150°(N) Figure 4

UI T : Voyager 2 observations of the distant Jupiter mag-
100% netotail as indicated by the bars between the first and

, @ > 150°(N) second panel. Within the plasma depleted tail filaments,
| ONLY J,j | l indicated by extreme low plasma densities (second
1 1 1) i

a < 30°(S)
N

0%

i - panel), the Jovian continuum radiation, measured by

T

0% ,
DoAY 3&0' T (') 4!0 ‘O | 2'0 : 6|0 the 1.2 kHz PRA channel (first panel) is traced along

L I L
1980 1981 200 the Jovian magnetotail and detected during tail encount-
. Ca er periods. The lower panels show the tail-like magnetic

. 8 o field orientation, which apparently follows the radial
Ju;?r:a*" - sun-Jupiter line (adapted from Lepping etal., 1982 ;
C A * CLOSEST APPROACH TO SUN - JUPITER AXIS 1983). (© American Geophysical Union, 1982).

|
T




Voyager 2

Jupiter magnetotail filaments,
propagated to the position of _ I
Saturn

Figure 5

Voyager 2 observations of the Saturn kilometric
radiation, the solar wind ram pressure, and the
interplanetary magnetic field strength, ballistical-
ly propagated from the point of observation
(= spacecraft) to the interaction point (position
of Saturn). Note the good coincidence of the
upper two profiles and the sudden decreases of
the parameters during Jovian magnetotail
events, indicated by bars in the second panel .
(DOY'= day of year) (Rucker and Desch, 2 140
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Table 2
The Buropean decametre radio telescopes network

Radio station Location Operating Physical Maximum Number of Element Polarisation Beam width Distance Angular
coordinates  range aperture effective area  array antenna at 25MHz to UTR-2 resolution
(MHz) (m) at 25MHz (m?) elements (km) at 25MHz

Kharkov, 8-32 1800 x 60 100000 1440 Dipole I linear 03°x12° 0 0.4° x 0.4°
Ukraine
49°N, 37°E  8-32 900 x 60 50000 600 Dipole 1 linear 06°x12° 0
Zmiev,
Ukraine 8-32 240 x 28 5500 95 Crossed 2 linear 24° x 3° 42
49°N, 36°E dipoles
Poltava,
Ukraine 240 x 112 28000 Crossed 2 linear 6% = 3°
49°N, 34°E dipoles
Lviv,
Ukraine 240 x 56 14000 Crossed 2 linear 12° x 3°
S51°N, 24°E dipoles
Odessa,

URAN-4  Ukraine 240 x 28 Crossed 2 linear
46°N. 30°E dipoles

Nangay Nangay, Conical

Decametre  France 3-88 100 x 100 2 x 4000 Helix 2 circular

Array 47°N, 2°E spiral

Graz, Austria 13-32 n.a. 2 x 300 Log- 2 linear

Lustbiihel ~ 47°N, 15°E periodic linear
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Hierarchy:
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sub S-burst structures
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