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Model of a variable radio period for Saturn

B. Cecconit?and P. Zarka,

Abstract. We propose an explanation for the variations at the 1% level of Saturn’s radio ro-
tation period measured at kilometer wavelengths. Because Saturn’s kilometric radiation (SKR)
is strongly controlled by the solar wind, we suggest that non-random variations of solar wind
characteristics — especially its velocity — at Saturn may result in systematic displacement
of the auroral sources in local time, and finally in modifications of the apparent radio period.
Alternatively, it may result in the superposition of two apparent periods, as also observed in
Voyager data.

We develop two simple models of local time variations of the SKR sources and analyze
the conditions under which the measured radio period may be shifted by up to a few percent
from the planet’s sidereal period. Our results provide a possible explanation for the 1% vari-
ation observed, and suggest that the dominant peak in the harmonic analysis of SKR varia-
tions seen by Voyager may be different from Saturn’s sidereal rotation period.

We relate the limitation in the accuracy of planetary rotation period determination to long-
term variations of “control” parameters (like the solar wind velocity). One and a half to three
years of continuous SKR observations with Cassini will be required to reliably and accurately
derive Saturn’s true sidereal period.

1. Introduction A change of the true sidereal period of SatuFg{;) is a priori
) ] ] ] excluded. The question is thus to explain the 1% variation of the

The sidereal rotation period of giant planets cannot be deducefr period, and to estimate our ability to accurately deterrfing
from optical measurements because of the superimposed motiofygf radio measurements. If the observed variation is attributed to
the atmosphere. By contrast high-latitude (auroral) radio emissiofge SKR sources drifting around the planet, then, a2amonth
which are attributed to electrons moving in the planet's magnefigterval corresponds te-135 rotations of Saturn, a variation of the
field, are tied to the rotation of the planet's core. Variations of thesgdio period by 1% implies that the SKR sources must have made
auroral emissions were thus used to derive the true planetary rifger one full turn around the magnetic pole during the time interval
tion. In the case of JupiteHiggins et al.[1997] analyzed several stydied. This is incompatible with the fact that the SKR sources
12-year and 24-year intervals of ground-based observations of {fire found to be approximately fixed in local time (LT) and mostly
decameter radio emission and obtained an average sidereal periqg@ted in the morning-to-noon sector of the auroral regiover{
9h 55m 29.68s with individual determinations differing by no morgjick et al, 1981; Galopeau et al.1995], which is also the case
than 0.08s, i.e. a relative accuracy of the order of®L0Saturn’s  for their UV auroral counterparffauger et al, 1998;Kurth et al,
rotation period was derived from the analysis of 267 days of SKR)05]. We propose below a model that reconciles the location of
(Saturn’s auroral Kilometric Radiation) observations by Voyager §KR sources in a restricted LT sector and the observed variations
spacecraft, and found to &, = 10h 39m 24st 7s (0.02% relative of the measured radio period.
accuracy) DPesch and Kaiser1981].

Analyzing further observations of SKR by the Ulysses spac
craft, Galopeau and Lecachey000] (hereafter GOO) found that

Saturn’sradio period is hot constant. Spectral analysisafmonth The SKR was discovered by the Voyager-PRA and -PWS exper-
intervals of Ulysses radio data recorded between late 1994 and e?ﬁ%nts Kaiser et al, 1980; Warwick et al, 1981; Gurnett et al
1997 revealed fluctuations of the SKR period at the 1% level, ”1%81]. It is the most intense compon'ent of Saturn’s low fre-

average period being 0.5% to 1% longer tifan. Radio observa- g ancy radio spectrum, covering the range between a few kHz and
tions performed since early 2004 with the Radio and Plasma Wav§ 3 pHz. with a maximum intensity between 100 and 400 kHz.

Science experiment onboard Cassini confirm the Ulysses reswiSeqia) structures such as arcs and bursts are visible in SKR dy-

[Gurnett etal, 2005]. _ _ _ namic spectra, although less organized than in the Jovian case [see
Note that in the Fourier spectrum of SKR time series [Fig. 1 Qyjiews bykurth and Zarka 2001;Zarka and Kurth 2005]. Mea-
Desch and Kaiserl981], a secondary peak is visiblealOh 41m - g ,re yariations of the SKR polarization along the Voyager 1 and 2
(i-e. 0.3% abovePy), and there is also a small peak-alOh 45m gy trajectories allowedalopeau et alf1995] (hereafter G95) to
(1% longer tharP, i.e. close to Ulysses and Cassini values).  constrain the northern and southern SKR source locations. Conju-
gate high latitudeX 80°) dayside sources fixed in LT were found,
- with a broad extent towards the morning-side at lower latitudes
I Department of Physics and Astronomy, University of lowa, lowa, US/(down to 60 at 08:00—-09:00 LT) and a more limited one about

9. SKR source location and origin

*LESIA, CNRS-Observatoire de Paris, Meudon, France 19:00 LT. Auroral UV emissions detected with HST (Hubble Space
Telescope) are generally brighter in the morning-side, consistent
ley et al, 2004;Prangé et al.2004]. In spite of the fact that sources

Paper number 2005JA011085. are approximately fixed in LT, SKR is strongly modulated at a pe-
0148-0227/06/2005JA011085$9.00 riod about 10h 39.4m, interpreted as the sidereal planetary rotation
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period. The origin of the modulation is attributed to a magnetieariation of the measured radio period. They estimated (see their
anomaly at high latitudesGalopeau et al. 1991;Galopeau and Fig. 9) a source displacemesit 15°/day, resulting in short-term
Zarka, 1992;Ladreiter et al, 1994], sweeping by a restricted LT fluctuations of the radio periog 3.7%. However, because the
region where electron precipitations are present. variations ofp and B — and hence op: and B, — are very bursty
G95 proposed a Kelvin-Helmholtz instability (KHI) at the mag-and have a large amplitude, they lead to quasi-random fluctuations
netopause as the source of accelerated electrons responsible fopftibe unstable domain edges. Averaged over2amonth inter-
auroral radio and UV emissionTfiompson1983]. As an alter- val or more, these fluctuations cancel out and an unmodified radio
native, Cowley et al[2004] gave arguments in favour of upwardgotation period should be measured, equaPtq..
field-aligned currents (FAC) at the morning-side boundary between However, we noticed in Figure 2 (as well as in Fig. 9 of GO0)
open and closed field lines as the primary source of Saturn’s URat the solar wind velocity at Saturn varies with time in a very
aurora and, as a consequence, of SKR. In both cases, the veffganized way, more regular than the other solar wind parameters:
ity shear between the partially corotating plasma inside the maff variations follow systematically the shape of an “asymmetrical
netopause and the shocked plasma flowing in the magnetoshé&\?ﬂtomh”v with steep increases and slow decreases. Th_|s behaviour
is believed to play a major role in the process leading to eIectréﬁS_U|_t5 from_the interaction between sIc_)w and fast solar wind streams
precipitation. The velocity of the plasma flowing in the magne?uilding up interplanetary shocks during the outward propagation
tosheath depends on the solar wind veloditand on the LT via ©f the flow [Gosling et al, 1976]. , )
the shape of the magnetopause (cf. G95, GO0, and Figure 1). In ad:”f‘us we Investigate ”below the hypothesis thats the domi-
dition, rotation-averaged SKR intensity variations appear stron%ﬁmt control_paramete_r onthe LT posmgn_of the SKR source, a_nd
correlated to solar wind fluctuations, especially its ram pressif8@lyze the impact of its systematic variations on the radio period

. d over intervals of various lengths. For that purpose, we
pV? [Desch 1982] and kinetic power fluxy’® [Desch and Rucker Measuré .
1983], withp the solar wind mass density ahtits velocity. There Phav_e bwg_tvt\{o simple models. We present them below and analyze
is thus evidence that the solar wind velocityplays a major role eir predictions.
in SKR generation, and especially in the LT location of its SOUrCeS,  Model #1: KHI source

along the magnetopause. o . . o
We first investigate the effect of a sawtooth time variatioof

. . . in the frame of an idealized KHI model whose “sources” are illus-
3. Models of a variable radio peHOd trated in Fig. 4b B andp are kept constant and equal resp. to 0.4
3.1. Solar wind influence on SKR source location nT and10~** kg.m™?). We assume that the SKR is triggered as
. . . . .. explained above by a localized magnetic field anomaly rotating at
According to G95 and GO0, the dimensionless criterion defininge (e sidereal period of SatuRy.:, when it crosses the sources
a threshold for the KHI in the equatorial plane can be written: ot kjg_ 4 where electron precipitations are believed to be present.
Vi —Val?
A @
(E + 5) ,T(l) Bov&shock

whereV; and V3 (respectively,p: andp2) are the flow velocities /
(resp. the mass densities) on either side of the magnetopause, an /
B, is the magnetic field in the magnetosheath (Fig.Q)> 1 cor- /

/

responds to unstable domains along the magnetopadsand p, /

in the magnetosheath are related to the solar wind veld¢iand Iy

densityp via the model magnetopause described in G95 and G0O.

B is typically equal to~7x B. V,B,p
Typical ranges of variation aB, V andp are displayed in Fig- —

ure 2 for the year 1980, prior to the Voyager 1 Saturn encounter.

B varies typically between 0.1 and 1-2 nT, V between about 300

and 600 km/s, ang between 0.5 and B)~22 kg.m 3. Based on

these parameter ranges, Figure 4 illustrates the LT extent of the \

KHI domain along the equatorial magnetopause as a function of \

B, V, or p, one parameter being variable and the two other ones \ B..p,

kept constant in each plot. Following G95 and GO0, we take in

the outer magnetosphepe = 5.6 10722 kg.m~* and a subcorota- \

tion velocity 7 ~ 100 km/s (with an azimuthal variation along the Solar wind magnetosheath

magnetopause). It appears from Fig. 4 that, as expected from equa-

tion 1, the KHI domain expands with increasifgwhile B plays

a stabilizing role. By contrash has a limited impact on the KHI £jgr6 1. Sketch of the SKR source region as seen from the north
domain over mostig)Qf its rapge of variation. For typical solar_ W'n?hagnetospheric pole (adapted from GOW).B andp stand for the
parameterp = 10~ kg.m™~ andB = 0.4 nT (thus a solar wind ynperturbed solar wind velocity, magnetic field, and mass density.
pressure of 16 pPa ahead of the bow shock With- 400 km/s, v, B, andp, represent the same quantities in the magnetosheath,
see Fig. 4b), unstable domains — hereafter called “sources” — &hich vary with the local timeVa, B, andp, characterize the sub-
tend over the dawn-to-pre-noon sectgr {1:00 LT) and the dusk corotating kronian magneto-plasma. The main average SKR source
sector i 18:00 LT) whenV ~ 400-450 km/s. These sources location as derived by G95 is represented by the grey cone. Its LT
move toward noon whel’ increases, while no dusk source existposition coincides with the locus of maximum algebric difference
for V' < 420 km/s. betweenl; andVa, consistent with both the KHI (G95) and FAC

GO0 investigated the effect of solar wind fluctuations measur¢@owley et al. 2004] theories. Solar wind variations imply varia-
by Voyager 1 at Saturn on the near-noon edge of the morning souréens of V1, By andp1, leading to back and forth motions of the
because an azimuthal displacement of the source may result ig%R source versus LT, which are analyzed here.
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VOYAGER-1 Hourly Interplanetary Parameters by COHOWeb
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Figure 2. Solar wind magnetic field3, velocity V' and number densityV variations measured by Voyager 1 from
january to october 1980, prior to its closest approach to Saturn (1980/11/13). Mass gargityportional toNV

(p ~ 1.1x Nmy). Variations ofl” systematically follow a sawtooth shape, with steep increases and slow dectgases.
is far more noisy, whileB show a behaviour intermediate 6fand N. Data was provided by the NSSDC/COHOWeb
server.

of short- and long-term fluctuations of the modelled velocity

Amodeltime series of SKR activity is then built as followsV (¢), we also introduce a randomization parametex 1.
the variation ofV/ (¢) is represented as a series of sawtooth$his parameter affects as(a + rR) coefficient (withr a
from Vi,in t0 Vinaa, Over an intervall;,,:. Each sawtooth random variable with normal distribution [, 1]) consecu-
has a total duratiol” = T',;, + Tgown (With T,,, the dura- tive values ofl,;,, Tqown (@nd thusl’), Vi, andV,,, .., over
tion of the velocity increase arify;,.,, that of the decrease). the studied time interval},,;. R is also used as the standard
At each timet € [0, T;,], the value ofV is thus fixed and deviation of modelled velocity fluctuations at a timescale of
defines (via Fig. 4b) zero to two LT domains where KHI i few hours. The corresponding velocity variations over an
active. Then we consider a rotating trigger, with local timentervalT;,,; = 90 days are shown, witkR=0.2, in Figure 3c.
LT}i4(t) = ((t x 24/Pgq:) mod 24) [hours]. The SKR We performed a parametric study of this model wiih,
intensity time series is thus defined by: between 45 days{(100x Ps,;) and 270 days (as irDjesch
and Kaiser 1981]),7" = 26 or 13 days (the typical period and
half-period of solar wind variations at Saturn’s orbit, related
to the structure of corotating interaction regiorig), = 0.1

The deterministic sawtooth velocity variation and corrd® deays"r/l’”ml_:h |250 to 330 dkm/ S, andVimaz - 4|50 dto
sponding SKR intensity variations over one interdaare 020 KM s (the slightly extended rang€ i, Vinaz] includes

sketched in Figure 3a,b. For a more realistic representatiB?]SSible variations of the magnetospheric subcorotation ve-
’ locity V5), andR = 0 (fully deterministic) to0.2. For each
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set of parameters, we computed 100 times the Fourier spec-

trum of Is g (t) (with Hanning windowing) and analyzed the

distributions of peak value$% x r) of each power spectrum. Iskr(t) =

The radio period was computed in this same way from ob-

served SKR intensity time seriesesch and Kaisef1981] For all values ofR in the rang€l0, 0.2], we find results

and G0O. ) ] ] similar to those obtained above with# 0, i.e. generally a
The length of the analyzed time seri&s,, defines the single peak at a perioBs i r € [1 = 0.3%] x Psq; (Fig. 5€).

resolution of the resulting power spectruti (., = 0.16%  again in very few cases, the SKR spectral peaks exceeds

t0 1% x Ps,¢). TheV sawtooth, with a quasi-periodicity 104 pelow or abovePs,,; (Fig. 5f).

about 13 or 26 days, generates beats wit; at &1_-7% We have also tested variants of the model with different

and 13.4% x Psqa. The precise value df.,;, has no influ-  gKR source definitions (morning-side source only, or near-

ence on the result as long @5, < Tiown- Vinin @dVinaz  noon edge of that source only), and have obtained similar

define the number of active SKR sources per rotation, as Wglk,its.  Thus we conclude that model #1 cannot account

as their LT extent. From Fig. 4b we see that the source edggsihe 196-level fluctuations of GO, distributed all over the
may move by several hours in LT whé&hsweeps the interval range~ [Py, 1.01 x Py between 1994 and 1997.

from 250 to 650 km/s, i.e. at a rate of the orded df/(km/s).

The dusk source exists above a certain threshigld-(420 _ w
km/s in Fig. 4b). .

With R = 0, model #1 results in a slightly broadened peak O? bl
aroundPs,;, plus secondary peaks at beats betwfeand £
Ps,+, reminiscent of the multiple peaks observed in Fig. 1 o
of Desch and Kaisef1981]. The latter are sometimes more  ° > days 10
intense than the peak &, (as illustrated in Figure 5a), so .
that the distribution of measure® x &, displayed in Figure [c] 4
5b, reveals peaks about 0.96Bs,;, 0.983< Ps,;, andPs.;. = I

With R = 0.1t00.2, beats tend to vanish and the measureé “°
period Ps i g is always found in the wings of the main broad” 2001 .
peak atPs,;, generally at< 0.3% from Ps,;. In very few of ]
cases, the SKR spectral peaks reachd$s below or above 1'55
Pgq;. Figure 5¢ shows an example of spectral power plot fq_L 10
R = 0.2, and Figure 5d shows the histogram of measuredl |
peak values. “ 05t

We have considered up to now constant values¥@nd oof
p, letting only V' varying with time. A more realistic model 0 20 40 60 80
should allow the interplanetary magnetic fiédo vary along days
with V. As discussed above and illustrated in Fig. 4d—f,
th_e LT e>_(tent of KHI domains shows large amplitude V?”l':igure 3. Model #1 simulation procedure: (a) Simulated saw-
ations with B (at constan” and p). We have thus modi- tooth variation of the solar wind velocity () over one interval
fied the above model #1, replacing the constBr0.4 NnT T = 13 days, withT,, = 0.1 day andR = 0 (fully determinis-
by modelled variations of3(¢) betweenB,,,;, € [0.1,0.3] tic case); (b) corresponding simulated SKR time sefiegr(t);
and B, € [0.4,0.8] nT. Long-term sawtooth variationsgvglr‘% (d) f"gglzt:ds"%'?g':cp’”i dgg)dgng J;(t) Eveor laréa'l”'
of V(¢) and B(t)_are_ correlated, but the randomization pag, "~ :”2”50 km/s,Vm,i ' 550 km/s, By 3; ’O.fl;lT, B — 31'
rameterR is applied independently to the two modelled tim@T gndr = 0.2.
series. This results in times series such as displayed in Fig.

3c and d. Equation 2 thus becomes:

Lif QUV(0). B(). LTiig (1) > 1 g
0 ifnot




CECCONI AND ZARKA: MODEL OF A VARIABLE RADIO PERIOD FOR SATURN

-3

-3

p=10%kgm® B=01nT p=10%kgm® B=04nT p=10%kgm® B=08nT
800 800
700 £ [al E [c] 700
__ 600 F 2 600
n
e 500f 500
<, 400 F 400
> 300 f 300
200 F 200
100 £ . : : 100
5 10 15 20 5 10 15 20 5 10 15 20
Local Time [hours] Local Time [hours] Local Time [hours]
p=10%kg.m® V=200 km/s p=10%kgm® V=400 km/s p=10%kg.m?® V=600km/s
1.0 1.0
% % ]
0.8 - 0.8
E 0.6 r r Jo.6
@ oa4f - 1 F Jo.4
0.2fF g - 1 - Jo.2
5 10 15 20 5 10 15 20 5 10 15 20
Local Time [hours] Local Time [hours] Local Time [hours]
B=0.2nT V =200km/s B=04nT V=400km/s B=0.6nT V=600km/s
5 5
— h i
:?E 4_[g] _[] _[] 1.
o
X 3 33
8§
© 2 32
Q
1E 1
5 10 15 20 5 10 15 20 5 10 15 20

Local Time [hours] Local Time [hours] Local Time [hours]

Figure 4. Typical KHI domains versus local time and solar wind parameters. Unstable §easl] are displayed
in white, while stable ones are hatched. (a) to (c) analyze the role of the solar wind vélogitgnd B being fixed
for each plot. (d) to (f) analyze the role &%, and (g) to (i) that op. The latter appears to have little impact on the LT
extent of KHI domains.

rameter R, except thatV,,;, and V,,,, are now given
fixed values (withV,,;, arbitrarily set to 340 km/s and
Vinaz=Vmin+360 km/s) because making them variable would

Idealizing and simplifying further the model for a SKRbe redundant with variations ef. Figure 6 illustrates the
source whose LT position is controlled by the solar wind véimulation procedure.
locity, we represent now the SKR intensity time series as aWWe performed a parametric study exploring the same
periodic function of periods,;, including a time-dependent ranges ofZ,,;, T', Ty, and R as in the previous section,
phase term linearly modulated By. We take into account plus the ranger = 0.1 to 0.6%(km/s). The radio period was
the variations o/ only because (i) plays animportant role computed as above. The role®f,;, ', andR is the same as
in both theories above, and (ii) its variations are more sygbove. T, has again no influence in the simulation results
tematic and regular than those Bfandp (cf. Fig. 2). With and has been set @5 day.

a sine as the periodic function, the simulated SKR intensity We find for model #2 a distribution dfsx  in the range
is: 96%-100%x Ps,:. As shown in Figure 7 (top), the param-

@ eter R is crucial in permitting the existence &% r values
4

not restricted taPs,; and its beats witl" (i.e. 1.7% and
where « is a coupling coefficient (irf/(km/s)). V(t) is

3.4% below Ps,;). Increasingy (bottom of Fig. 7) expands
modelled as in model #1, including the randomization péhe distribution ofPs toward shorter values, as expected.

3.3. Model #2: linear phase-modulated source

ISKR(t) = IO sin [271' (t/PSat — OéV(t)/360)]
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Figure 5. (a) Spectral power plot ofsx r(t) for model #1 with parameters;,,; = 270 days,T = 26 days,
Vinin = 250 KM/S, Vinae = 650 km/s,p = 10722 kg.m~3, B = 0.8 nT andR = 0; Psx is found ai.983 x Psq;.

(b) Histogram of model #1 simulation resulf3{x r) with R = 0. (c) Same as (a) witt;,,, = 90 days, T = 26 days,
Vinin = 250 KM/S, Vinaz = 550 km/s, p = 10722 kg.m ™3, B = 0.6 nT andR = 0.2; Pskr is found at
0.993 x Psq:. (d) Histogram of model #1 results with = 0.2. (e) Same as (a) with;,,. = 45 days, T = 13 days,
Vinin = 250 KM/S, Vinaz = 450 km/s,p = 4 x 10722 kg.m™2, Byin = 0.1 NT, Byae = 0.8 NT andR = 0; Pskr

is found at1.002 x Psq:. (f) Same as (a) witll;,,; = 90 days, T’ = 26 days,Viin = 250 km/s, V0 = 550 km/s,
p=10"2kg.m 3, Bimin = 0.1 NT, Byaz = 0.8 nNT andR = 0.1; Psxr is found atl.018 x Psq:.

Occurrences oPsk r at 1% belowPs,; start to appear for
a > 0.2, which corresponds to an overall amplitude of th
SKR source motion about 70n LT.

Only periods shorter than or equal i&,; are obtained
due to our choice of > 0. This choice was made by anal-
ogy with the sense of variation of the morning-side source =

true sidefRal
phase

on

edge versu¥’ in the KHI source model. A different physical & 2
source model may allow fax < 0, leading to symmetrical ﬁ?g
results relative td’s,;. This could be for example the caseif ¢ ™ \\

B has a dominant role in constraining the LT location of the
SKR source. Note also that our results are insensitive to thges
shape of theéPs,,—periodic function: sine, truncated sine, or
square functions give similar results. :
Figure 8 shows representative examples of the individ-
ual power spectra obtained with model #2 simulations, with
Tup =0.5day and? = 0.2 in all cases: Figure 6. Model #2 simulation procedure: a periodic (sine) func-
(a) illustrates a narrow well-defined pebR% belowPs,; tion of periodPs.: (top) is linearly phase-modulated by an asymet-
obtained with parametefs,,; = 90 days, I = 26 days and rical sawtooth (center). The resulting functidpx r(t) is given
a = 0.5/(km/s). on the bottom plot. The modulation increases the period during

. . 0 _ashort interval T.,,), and then decreases it for a longer interval
(b) illustrates a result witlPs - g 0.73% below Ps,,;, ob (Tiown = T — Tay) 10 get back in phase witRsq.. The ratio from

tained with parameters;,,; = 60 days,T" = 26 days and 7 o ps,, is reduced in the figure (compared to the simulation) for
a = 0.£/(km/s). This result is directly comparable to thelarity.
results of GOO.

(c) and (d) were obtained with the same parameter set (tW
different runs withR = 0.2, T;,,; = 270 days,I" = 26 days

andlf i(;).gl(lkmg)). Thek))/ Shk?,:N. th?jt a narrow Olomlnangelow it (the secondary peak atlOh 45m being possibly
peakn 170 DEIOWL'sq¢ Can be obtained over a measureme%e one atPg,; in that case). Further simulation runs with

interval T;,,; = 270 days provided that the coupling coef-, = 270 days show that power spectra matching closely

ficient « is larger than 0.5. A secondary peak is present fﬁgtone byDesch and Kaisef1981] can be obtained with

Pgsq:. (d) directly compares with the power spectrum deriveg ~02

L

observi
signal (I

8m observations b¥pesch and Kaise[1981], if we inter-
ret their main peak as being different frafg,; but~ 1%
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Figure 7. Histograms of model #2 simulation results: (top row) influence of the randomization paraméb@ttom
row) influence of the coupling coefficient (in °/(km/s)). 180 different parameter setg.(;, T, R, o) have been
studied, with 100 runs performed for each.
4. Discussion cone, cf. Kurth et al.[2005] and references therein), small

We have thus shown that it is possible to explain fluctué/?”at'ons of the true source longitude, via related latitudinal

tions of the measured radio period of Satuffy () by an ;arlg?g:f n?tf)ttigisSoKthQhZesaz)mur(c:)g?stit#;?élg?;)i/zgag: ;arge
asymmetrical phase modulation of the SKR source positior{:.)p ) o . e

. . : comparison, the=3.3° variation of the Earth’s declination as

Model #1, directly derived from KHI unstable domains mod- . . . o

spen from Jupiter leads to large apparent intensity variations

elled by G95 and GO0, cannot account for fluctuations Ond radiosource motionsAlexander et al. 1979; Barrow,

Pgs i r of order 1%. Model #2, where the phase of the SK$981]
981].

source linearly responds to solar wind fluctuations, is ab Our results suaaest that the velocity shear between maane-
to explainPsk g shifted fromPs,; by 1 to several percent. ) gges y ar
tospheric subcorotating plasma and magnetosheath flowing

A coupling parametetv > 0 implies Psxr < Psq. The . ! ;
main peak (atPsy ) may be different from the planetaryplasma plays a major role in the process leading to electron
precipitation.V (¢), as a non-ramdomly variable “control pa-

sidereal rotation perio , even for time series as lon . .
periodisa:) grameter", has thus a strong influence on the LT position of

asT;,; = 270 days. . ) .
L _ . the SKR source(s). Both models, if fed with a symmetrical
This implies however, = 0.2 to 0.5/(km/s) (i.e. atotal LT sawtooth or random variations bf. lead toPsy x — Psys.

xcursion of SKR sour °t0180°). The SKR r ; :
excursion of SKR sources ovei” to 1807). The SKR source If our above results are confirmed by further studies, they

is thus probably not strictly fixed in LT, but rather restricted to . ) -
a IimiteF()i LT sez;tor. This gould already be deduced from thvéOUId imply that either the KHI source model requires deep

initial results byWarwick et al[1981]: their Fig. 3 showed modifications, or that another SKR generation model is to be

. - preferred, as for instance the “FAC” model Gpwley et al.
that SKR occurrence histograms versus sub-solar Ionghg?m] The results from model #2 are not '?fd toya speciic
3 .

were indentical before and after Voyager's closest appro

: , : . .physical model of Saturn’s radio (and UV) auroras. For ex-

to Saturn, suggesting a source fixed in LT instead of rotati . - S
. ) . . ainple, if a purely latitudinal variation of the SKR source,
with the planet; however, the maximum of these histograms = ; ; . .
. combined to anisotropic SKR beaming, leads — for a fixed
was>100° broad so that the instantaneous SKR source mg server — to an apparent source motion in LT. this would
well move within it. Later works confirmed the statistically PP ’

broad extent of SKR sourcegarka[1988] found a good cor- still be cgnastgnt with our propo;ed explanation for the varl
: : . . able radio period observed provided tfvatontrols the lati-
relation between SKR intensity fluctuations seen by Voyager . i
tudinal variation of the source.

Land?, then separated b 35°, ortime scales greater than a In the frame of our model #2 assumptions and results,

half hour. G95 and previous authors also found SKR Sourcggservations from Vovager. Ulvsses and Cassini consid.
statistically extended in LT. More recentiuirth et al.[2005] yager, Uly

ey .
andClarke et al[2005] found a partial corotation of UV au- ?Dred togg;hzg;uggessetégﬁzgrls eglf) ;?;ﬁg \t/r;ijns‘l/s Hree.sent
rora related to SKR. In addition, the large valuexahay be 5% ™ ' yp P

. in Voyager SKR data. The different values Bf x r found
understood through the 3D geometry of the SKR beamin f different epochs would thus be only related to the different

the emission diagram being non-isotropic (probably a hollo S . ) . .
9 9 pic (p y g\{ructure of corotating interaction regions in the solar wind at
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Spectral power

T
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Figure 8. Model #2 sample spectral power plotsRfx r(t) for parameters set5,, = 0.5 day, R = 0.2, and: (a)
Tine = 90 days,T = 26 days,a = 0.5%(km/s); (b)T;,: = 60 days, T = 26 days,« = 0.4°%(km/s); (c) and (d)
Tine = 270 days, T = 26 days,a = 0.6%(km/s). The measurefsx r values are : (a) 0.988; (b) 0.993; (c) 0.986
and (d) 0.993s+.

the time of the measurements. This different structure needs on P;,,,, of the order o0 4 /360°) x Py, /24 years) ~
notbe large scale and prominentin solar wind data, as we have2 10-6, equal to the above accuracy.
seen above (Fig. 8c,d) that simulations based on the same paAccuracy in planetary rotation period determination ap-
rameter set differing only by th#0% fluctuations introduced pears thus directly related to time variations of the parame-
by the parameteR may lead to values oPsk r over the ter(s) controlling the planet’s radio emissions. Runs of our
whole range6%—-100%x Ps,;. Note that a sidereal rotationmodel #2 withT},; = 500 to 1000 days suggest that de-
period Ps,; ~10h 45m, when compared to the periods ddgermining Saturn’s sidereal period with an accuracyl%
duced from cloud tracking versus latitud&§nchez-Lavega will require SKR time series of the order of5 to 3 years,
et al, 2000]), implies that the whole atmosphere of Saturn that will be analyzed as a whole and by overlapping slices of
in super-rotation with eastward jets faster than 500 m/s. 6-12 months (a peak &s,:, even if not dominant, appears

Further studies will include tests of the above models most spectral power plot witf;,; > 180 days — see
by comparingPs g, measured with Voyager, Ulysses ane.g. Fig. 8c,d). An independent measuremen®gf, could
Cassini radio data over intervals of various lengths,{), also be obtained through the analysis of long-term variations
with model predictions based dn(t) profiles measured si- within time series of in-situ measurements of Saturn’s mag-
multaneously by the same or other spacecraft and projectestic field by Cassini.
to Saturn. Direction-finding capabilities available on Cassini
[Cecconi and Zarka2005], should help solve this question
by maklng mstanta_neous_ images of SI_(R sources. References
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