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Saturn Drifting Bursts (SDBs)

Cassini RPWS/HFR
2007/02/13 (DOY 44.14 - 44.35)

» spectrum: bursty & drifting
negative (90%) & positive (10%) drift
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Saturn Drifting Bursts (SDBs)

High Frequency Receiver (HFR)

Cassini RPWS/HFR
2017/06/23 (DOY 174.75 - 174.89)

+ little spectral fine structure visible in RPWS/WBR
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Wideband Receiver (WBR)

Cassini-WBR (f, = 222.2kHz, n, = 1024, At = 1s) 2017/06/23 (DOY 174.84 - 174.86)
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Cassini RPWS/HFR - Direction Finding

Unknown parameters:
» direction of wave incidence (wave *‘
vector k) \’;

— 2 direction angles ... 0, ¢

» 2D-Stokes parameters ... S, Q, U, V

projected
(size & shape of polariz. ellipse)

— pol. ellipse

Cassini RPWS antennas:

» 3 electric monopoles ... u, v, w (10 m long)

e 1 (virtual) dipole ........ D(=u-v)
Direction Finding (Goniopolarimetry) [Cecconi and Zarka, 2005]
e 2-antenna survey mode ... 3 signals < > < >, < > .
* assumptions:
¢+ 3-antenna mode ... 5 signals . . o plane wave
<V, V; > . <V, V> D ELlk
J = . <V, V> <V, Vo> + solution by analytical inversion
<\, V> + data selection:
o high signal-to-noise ratio (SNR)
— product <V, V;'< > is missing for a complete spectral matrix J o stable radio source during switching of antennas from
— no Singular Value Decomposition (SVD) analysis possible <V, Vvﬂv< > to <V, Vvt > (45 - 2000 ms)

, o k-vector far above antenna plane (B = 20°)
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SDB Direction Finding - Example

Cassini RPWS/HFR
2008/04/27 (DOY 118.00 - 118.12)

., [8.3, 86.0] Hz

o » Spectral scanning of single SDBs
100 . . .
i _ » DF-analysis with selected spectral points
5 1
S 1078 :‘_;‘
& =
£ e 5
10 N
fna T e 2008/04/27 (DOY 118.07 - 118.09)
— : SR - ., [56.4, 83.2] Hz
L 1.0
w1 =
N 10 —':E'
F 0.5 —_
_ F z I s
N o ~ —
= [ s = o
7 I . g >
2 8 0.0 | & < >
@ [ >
g : i & b
i . T L%J 107" Py
S LN AN L 05 Z:,
i : \ [ -0
T T L T L L B B A B LN
00:00 00:20 00:40 01:00 01:20 01:40 02:00 02:20 02,40 SCET [hh:mm] 1.0
23.33 23.31 23.28 23.25 23.22 23.19 23.17 23.14 23. R [Rg] : : .
12.33 12.34 12.35 12.35 12.36 12.36 12.37 12.38 12.38 LTys [N] B -
33.10 33.22 33.34 33.46 33.58 33.71 33.82 33.95 34.07 LAT, [deg] T I
35 - 054 T
¥ ] r i
= ] i A
3 an] L b
S 30—_ C 0.0 a
3 ]
g r v
- i B T
25 - -0.5 -
] . 3 2 P
20 - [ -1.0
01:57 02:00 02:03 02:06 02:09 02:12 02:15
’ PRE10 Workshop, Marseille, France, June 11 - 13, 2025 Re: 23.2; LAT: 34% LT: 12.4h  SCET [hhimm]




SDB Direction Finding - Example
» Spectral scanning of single SDBs

» DF-analysis with selected spectral points

+ direction angles toward source — ¢, 0

2008/04/27 (DOY 118.07 - 118.09) :

f., [56.4, 83.2] Hz
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SDB Direction Finding - Example

2008/04/27 (DOY 118.07 - 118.09)

Spectral scanning of single SDBs
DF-analysis with selected spectral points

direction angles toward source — ¢, 0

selection of sources by data quality (B, wwgis, intensity)

Data Selection: |B| > 20°, Aww < 10%, I >3-10"° V?Hz ", |D | = 0.3
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SDB Direction Finding - Example

2008/04/27 (DOY 118.07 - 118.09)

» Spectral scanning of single SDBs

» DF-analysis with selected spectral points

+ direction angles toward source — ¢, 6,

+ selection of sources by data quality (B, wwaisf, intensity)

» average source direction and standard deviation (error-ellipse)
Data Selection: |B] > 20°, Aww < 10%, I > 3-107"° V2Hz ", |D_| > 0.3
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SDB Direction Finding - Example * Spectral scanning of single SDBs
» DF-analysis with selected spectral points

+ direction angles toward source — ¢, 0

+ selection of sources by data quality (B, wwgisf, intensity)

* average source direction and standard deviation (error-ellipse)

+ follow straight ray until f=f,, (O-mode fund.) or f= 2f,, (X-mode harm.)
o Yields average source location for SDB
o source = region of mode conversion Z — 0/X
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SDB Direction Finding - Summary

» 386 analyzed SDBs from year 2008

(in 3-antenna mode, "good" quality for DF)

» source regions along northern/southern edge of

Enceladus plasma torus
+ 343 with negative drift / 43 with positive drift

» positive drifting SDBs are at higher frequencies

— sources are located deeper inside the torus

Equatorial Plane
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SDB Direction Finding - Summary

Y [Rg] (KG)

386 analyzed SDBs from year 2008
136 fundamental / 250 harmonic SDBs

harmonic emission can escape more easily from

source region?

harmonic emission is produced along the entire

edge of the plasma torus
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SDB Source Crossing Event

« SDB #1 ... RH Z-mode at

f;Je <f<fuh

« SDB #2 ... LH Z-mode at

fL:O <f<f1‘Je

« SDB #3 ... RH Z-mode or

LH O-mode at
f;Je <f<fuh

— observational evidence for

SDBs propagating in the Z-mode

— for escaping the plasma
torus, they must first mode-

convert into O or X mode
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SDB Source Crossing Event - The linear mode conversion Scenario
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Conclusions

» Direction Finding with Cassini RPWS/HFR confirms that Saturn Drifting Bursts (SDBs) are
generated by linear (O-mode fundamental) and nonlinear (X-mode harmonic) mode

conversion mechanisms

* SDB source regions are found along the northern and southern edges of the Enceladus

plasma torus, between 3 < L-shell < 15

* The emissions are usually beamed at an oblique angle to the local magnetic field, out of

the meridional plane

* 3D ray tracing is needed for reconstructing the exact ray path and for a refinement of

source locations

*  Which mechanism is responsible for initiating the drifting Z-mode SDB in the first place?
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