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Abstract. We model the open magnetic field region in Sat- interaction with the solar wind leads to UV emission in the
urn’s southern polar ionosphere during two compression revicinity of the boundary between open and closed field lines,
gions observed by the Cassini spacecraft upstream of Satuttius forming the auroral oval at Saturn. These results have
in January 2004, and compare these with the auroral ovalsubsequently been amplified by the modelling work of Cow-
observed simultaneously in ultraviolet images obtained byley et al. (2004b), and also by the statistical analysis of the
the Hubble Space Telescope. The modelling employs thdocation the UV auroras presented by Badman et al. (2006).
paraboloid model of Saturn’s magnetospheric magnetic fieldJn January 2004 an opportunity arose to study the response of
whose parameters are varied according to the observed vaBaturn’s auroras to variations in the interplanetary medium,
ues of both the solar wind dynamic pressure and the interwhen a sequence of UV images were obtained by the HST
planetary magnetic field (IMF) vector. It is shown that the during a three-week interval, during the approach phase to
open field area responds strongly to the IMF vector for bothSaturn of the Cassini spacecraft (Clarke et al., 2005; Crary et
expanded and compressed magnetic models, correspondira., 2005; Badman et al., 2005; Bunce et al., 2006). The
to low and high dynamic pressure, respectively. It is alsoCassini and HST data, reproduced here in Figs. 1 and 2
shown that the computed open field region agrees with theéo be described further below, show that two corotating in-
poleward boundary of the auroras as well as or better thareraction region compressions, bounded by forward shocks,
those derived previously from a model in which only the vari- passed Saturn during the period of observations. After these
ation of the IMF vector was taken into account. The resultscompressions encountered Saturn’s magnetosphere the auro-
again support the hypothesis that the auroral oval at Saturnal oval became brighter, especially at dawn, and contracted
is associated with the open-closed field line boundary andn radius. Belenkaya et al. (2007) have recently compared
hence with the solar wind interaction. the images obtained in these compression regions with the
location of the open-closed field line boundary calculated us-
ing the paraboloid model of Saturn’s magnetospheric mag-
netic field (Alexeev et al., 2006; Belenkaya et al., 2006b),
and have shown that good agreement is generally obtained.
This study used a fixed magnetospheric magnetic field model
) based on the “Pioneer-11" model developed by Belenkaya et
1 Introduction al. (2006b), with the behaviour of the open field region being

. . studied by varying the direction and strength of the “pene-
Observations of the polar ultraviolet (UV) auroras at Satumtrating” interplanetary magnetic field (IMF) vector based on
by the Hubble Space Telescope (HST) show that they genefspqenyations made by Cassini. In the present paper we fur-
ally form a ring around each pole;1°-3" wide in latitude, e gevelop this study by not only considering the influence
located between-10°—20" co-latitude (Grard et al., 1995,  t e prevailing IMF, but also the effect of the varying solar
2004; Cowley et al., 2004a; Badman et al., 2006). Cowley,yinq dgynamic pressure observed by Cassini, which modu-

and Bunce (2003) and Cowley et al. (2004a) suggested, Ofes the size of the magnetosphere and hence the other pa-
the basis of theoretical discussion, that the magnetospherlpameters that describe the model.
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the centre top of each plot, and dawn to the left. The dark arc seen
in the lower portion of each image indicates the southern polar limb
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- Fig. 2. UV images of Saturn’s southern aurora obtained by HST-
3 0 - STISon 8, 10, 12, 14, 16, 18, 20, 21, 23, 24, 26, 28, and 30 January
2:% [ 2004 (panels: to m, respectively). The panels have been gener-
. 156 I ated by combining individual images obtained on a given HST orbit
g 1.0 : : (Clarke et al., 2005; Bunce et al., 2006). The noon meridian is at
— 0.5k ! |
[
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of the planet, with a portion of the rings seen behind. (Figure from

!

the difference between the directions of the RTN and KSM
axes is very small, witlB,~—Bg, B,~—Br, andB,~By.
Beneath this, in Fig. 1, are shown the velocity, density, and
s 0 e e T o dynamic pressure of the solar wind, in which a “minor” com-
Day number pression region is seen to occur between 16-18 January, and
a “major” compression region between 25 January and the
Fig. 1. Stacked plot of Cassini IMF and plasma data obtained dur-end of the interval, separated by a rarefaction. The times
ing the January 2004 Cas_sin_i-HST campaign. The first four Pan-corresponding to the HST images in Fig. 2 are indicated by
teriz ?2;2?5: E;Z‘ rrr?:gr?iijlgsflfilg r‘#ﬂ;";ﬁﬁé gg\l/et:l{[vh)’p?ir:‘lils the vertical dashed lines, where account has been taken of
show the solar wind proton densiy, (cm™3), the solar wind ve- :28821 :tlJr-rr]] S;rllzr tvr\]/:encég_is:i?]l ﬁg;?]???a?/t:j?ir?]etel?r/(;rrr?rgz;t:jrsrlsg

. _1 . _
locity vsw (kms ), and the dynamic pressur, (nPa), respec- o o The solar wind delay is uncertain to within a few

tively. The bottom panel shows the estimated magnetopause re(:orF1 h d ibl dial . d
nection voltagé’ (kV) using the algorithm of Jackman et al. (2004). ours, however, due to possible non-radial propagation an

The dashed vertical lines indicate the corresponding times of théne difference in helio-longitude of Cassini and Saturn (Crary

HST images shown in Fig. 2, adjusted to take account of the so£t al., 2005), and this should be kept in mind in considering
lar wind propagation delay and the Saturn-HST light propagationour results. During this interval Cassini was located near the

delay. (Figure adapted from Badman et al. (2005).) ecliptic plane~0.2 AU upstream of Saturn, and).5 AU off

the Sun-planet line toward dawn. The corresponding UV im-

ages in Fig. 2 show Saturn’s southern auroral oval with the
2 Solar wind conditions noon meridian at the centre top of each image, and dawn to

the left (Clarke et al., 2005; Bunce et al., 2006). The scale of
Figure 1 shows the IMF and plasma data obtained by Cassirihe oval relative to the planet can be readily discerned qual-
upstream of Saturn during the interval of HST observationsitatively from the dark arc seen in the lower portion of each
in January 2004 (Crary et al., 2005; Badman et al., 2005)image which indicates the southern polar limb of the planet,
The top panels show the IMF components and magnitudévith a portion of the planet's rings seen behind. Quantitative
in RTN coordinates, which is an orthogonal, right-handedinformation on the size and location of the UV oval will be
spherical polar system referenced to the Sun’s spin axis, witlgiven later in discussion related to Figs. 8 and 9.
By directed radially outward from the Sum; azimuthal As indicated above, the principal interplanetary param-
about this axis in the direction of solar rotation and plane-eters that influence the kronian magnetic model are the
tary motion, while By completes the right-handed coordi- strength and direction of the IMF which penetrates the mag-
nate system (being directed positive northward in the equanetosphere, and the solar wind dynamic pressure that modu-
torial plane). The magnetic models to be discussed belowates the size of the system through pressure balance. Be-
instead employ the IMF vector expressed in kronian solardenkaya et al. (2006a, 2007) examined the interplanetary

V/kV
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= 001 ( (I magnetospheric (KSM) componen®,( B,, B;), where the
o — : : : - x-axis is directed toward the Sun, Saturn’s magnetic moment
§ oo | o H , lies in the x—z plane, and y completes '_[he right_-handed_ or-
& LA, : ™ thogonal system. However, during the interval in question,
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conditions observed near the (shifted) times of the compres- (5 Bimf=0.0-04:+0.4; ks=0.8 Bimf=0.0;-0.4:40.4: ks=0.2
sion region imageg, k, andm in Fig. 2, and concluded that 00 T 00 T
the IMF vector can be characterised by the following KSM ' -
(B, By, B;) components, (i) (0.0-0.4,—0.4) nT for image = =
f obtained shortly after the end of the “minor” compression
region, (ii) (0.5,—2.0, —1.4)nT for imagek obtained just -06 -06
prior to the pressure maximum during the “major” compres- '0'60'40')2((255"20'40'6 '0'60'40')2((255"20'40'6
sion, and (iii) 0.3, 0.7, 0.7) nT for image: obtained dur-
ing the declining phase of the “major” compression. For sim- () ggmf=9-q:—0-01:-q-04: ks=0.8 Birgf;O-Ol:-Ol-04:-0l-0‘ll: ks=0.2
plicity in subsequent modelling, Belenkaya et al. (2007) used 04 .
these IMF values together with a fixed magnetic field model g 0-5 1. 7
considered to be representative of compression region condi- >~ , ' ) >
tions. The model employed was that derived earlier by Be- 04 N A0
lenkaya et al. (2006a) based on conditions observed during 00 50202 0 020406 00 50202 0 020406
the Pioneer-11 flyby, when the sub-solar magnetopause was X(Rs) X(Rs)
compressed inward t917.5R. (HereRs is Saturn’s radius (©) Bimf=00,-004:0.4; ks=0.8 Bimf=0.0;-0.04-04:
taken equal to 60 330 km.) According to the recent study of 06 — T 7T 06 — 77
Cassini magnetopause positions by Arridge et al. (2006), the R 8‘2‘ L ] R
relationship between solar wind dynamic presspiyg and 2 o 12 4
the sub-solar radius of the magnetopafiseis given empir- 702 1 g
icaIIy by gg T | _?0_ 0.
-0.60.40.2 0 0.20.40.6 -0.60.40.2 0 0.20.40.6

43 X(Rs) X(Rs)

Psw (nPa)~ (9~7/ R (RS)) . (1) ) )
(d) Oljn‘gmf=|0.(l);-(l).4;l-0.|04; ks=0.8 B|g}fs:O.(I);-?.4;I-O.I()4;I ks=0.2

Thus a sub-solar radius 6f17.5 Ry corresponds to a dy-
namic pressure of0.08 nPa. Comparison with Fig. 1 re- & &
veals that this value is indeed appropriate to invagbtained ~ ”
during the early part of the “major” compression, so that re- o 06
examination of the results of Belenkaya et al. (2007) is un- -060.40.2 0 0.20.40.6 -060.40.2 0 0.20.40.6
warranted in this case. The measured dynamic pressures cor- X(Rs) X(Rs)
responding to imageg andm are both lower than this, how- (6) Bimf=0.0;-0.4;-0.4; ks=0.8 Bimf=0.0;-0.4;-0.4; ks=0.2
ever, equal to~0.01 and~0.03 nPa, respectively, such that = =
the magnetosphere in these cases will have been somewhat_ o2 -
expanded compared with the Pioneer-11 model employed by &  © =
Belenkaya et al. (2007). In fact, EdL)(indicates that a dy- :gjj B
namic pressure of 0.01 nPa corresponds to a sub-solar mag-  -0s -06
netopause radius 6f28 R, while 0.03 nPa corresponds to a 'O'GO'4O§(2S;J 20406 'O'GO'4O§(2S;J 20406

radius of~22 Ry. In this paper we thus model the open field

region in these two cases, now taking into account not O_nlyFig. 3. Computed open field line regions in Saturn’s southern iono-

the observed IMF vector, but also the observed solar windsphere for the expanded magnetic field model appropriate to image
dynamic pressure which modulates the size of the magney whose parameters are given in the first column of Table 1, and
tosphere. In the following sections we thus find the set offor various penetrating IMF vectors. Each row shows results for a

model parameters corresponding to these conditions, and irgifferent IMF vector as indicated, fdrg=0.8 on the left and¢=0.2

vestigate the differences that arise compared with the resultgn the right. The view in each panel is looking through the planet
of the previous study. onto the southern ionosphere, with noon to the right and dawn at

the bottom. The bottom row corresponds to the specific IMF vector
appropriate to imag¢.

3 Selection of the input model parameters

The kronian magnetospheric magnetic model employed her@etopause is. taken to pe a paraboloiq of revolution about the
is that described by Alexeev et al. (2006) and Belenkaya e©2tUrn-Sun line, given in KSM coordinates by

al. (2006b), representing a development of models derived

previously for Earth and Jupiter (e.g. Alexeev et al., 2003;

Belenkaya, 2004; Alexeev and Belenkaya, 2005). The magx / Rys=1— <y2 + zz) / 2RZ, (2)

www.ann-geophys.net/26/159/2008/ Ann. Geophys., 26, 1682008
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Fig. 4. Computed Southern Hemisphere open field line regions for

the expanded magnetic model and IMF vector appropriate to image 150

f ((0.0,-0.4,—-0.4) nT) forks=0.8 (solid green line) ankls=0.2 1004

(solid red line), as shown in row (e) of Fig. 3. These are com- & E

pared with related results obtained for the compressed magnetict, o4

model and the same IMF vector derived previously by Belenkaya N

et al. (2007), also shown farg=0.8 (dashed green line) akg=0.2 ~1004

(dashed red line). The format is the same as for the panels of Fig. 3. T

-700 -600 -500 -400 -300 -200 -100 O 100
X(Rs)

where R, is again the sub-solar distance of the magne-

topause. The contributors to the model magnetic field areig. 5. Plots showing field lines emerging from Saturn’s ionosphere
(i) the intrinsic dipole field of the planet, together with the ©n the noon-midnight meridian, projected into the noon-midnight
shielding current on the magnetopause which confines thi§* 2) meridian plane, for the expanded magnetic model and IMF
field inside the magnetopause, (ii) the ring current, togethelSClor appropriate to imagg (0.0, ~0.4, ~0.4)nT), as indicated

ith the shieldi i t that similar] by the projected vector shown in the upper right-hand corner. The
wi € shielding magnetopause current that similarly COn'magnetopause is shown by the dashed curve, while the boundary

fines its field inside the magnetopause, (iij) the tail currentyenyeen the open and closed field lines is shown by the bold curves.

and the corresponding magnetopause closure currents, afhney(a) shows results foks=0.8, and pane(b) for ks=0.2.
(iv) the IMF which partially penetrates into the magneto-

sphere. The ring current is modelled as a thin equatorial disc

in which the azimuthal current intensity falls as the inversegiven by the uniform field, Bime, where B e is the IMF

square of the radial distance from the planet, while the tailvector and is the coefficient of its penetration into the mag-

current is re-scaled from an earlier terrestrial model. netosphereks<1). The actual value ofs is not accurately
The parameters which define Saturn’s magnetospheri&known at present. Here we therefore span the likely range by

magnetic field in the model are thus the following: &), employingks values of 0.2 and 0.8 in the calculations (see

is the distance to the subsolar magnetopausel(iiy the Belenkaya et al. (2007) and references therein).

tilt angle between the planet's magnetic dipole direction and The compressed Pioneer-11 model employed previously

the KSM z axis (25° during the January 2004 interval, cor- by Belenkaya et al. (2007) corresponds to the following

responding to Northern Hemisphere winter conditions), (iii) set of parameters derived by Belenkaya et al. (2006b),

R,c1 andR,» are the distances to the outer and inner edgesk;,=17.5Rg, R,;1=125Rg, R,:2=6.5Rg, B,1=3.62nT,

of the ring current, respectively, (i, .1 is the radial com-  R»=14Rg, andB,=8.7 nT, which we thus consider to be di-

ponent of the ring current magnetic field at the outer edgerectly appropriate to imagk. For imagef, however, the

of the ring current, (V)R is the distance from the planet to observed dynamic pressure0.01nPa implies a sub-solar

the inner edge of the magnetospheric tail current sheet, (viyadius of ~28Rg, as noted above. For this value Alex-

B:lag is the field magnitude of the tail current at the inner eev et al. (2006) derived the following parameter set for the

edge of the tail current sheet, wherg=(14+2Ro/R,)/?, Cassini SOl orbitR,;=28 Ry, R,c1=245 Ry, R,-2=6.5 Rs,

and (vii) the effect of the IMF inside the magnetosphere is B,.1=2.2nT, Ro=22.5Rg, and B,=5.3 nT, which we thus

Ann. Geophys., 26, 15966, 2008 www.ann-geophys.net/26/159/2008/
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Table 1. Paraboloid model parameter sets appropriate to HST imAgesandm.

Model Expanded case (imag® Compressed case (imagge Intermediate case (image)
parameters psw=0.01nPa psw=0.08 nPa psw=0.03nPa
IMF=(0.0,—0.4,—0.4) nT IMF=(0.5, —2.0,—1.4) nT IMF=(—0.3, 0.7, 0.7)nT
Rss(Rs) 28 175 22
Rrcl (Rs) 245 12.5 15
Rrc2 (Rs) 6.5 6.5 6.5
Brcl (nT) 2.2 3.62 3
Ro(Rs) 22.45 14 18
Bt(nT) 5.3 8.7 7
also employ here with reference to image For imagem, northward IMF, specifically (0.6,0.4, 0.4) nT, showing an

a dynamic pressure 6f0.03 nPa implies a sub-solar mag- expanded open field region which is marginally larger for
netopause radius of 2, as noted above, for which we kg=0.8 than forks=0.2, as expected. Rows (b) and (c) show
use the intermediate parameter Bgt=22 Rs, R,.1=15Ry, how the open flux region becomes modified with increasing
R,:2=6.5Rg, B,,1=3nT, R,=18Rs, andB;=7nT. Thering  southward IMF in the case where IMF, is small. Row (b)
current parameters are similar to those derived by Connernefor (0.0,—0.04,—0.04) nT shows a contracted open field line
et al. (1983) using Voyagerl data, for whil, ~23—-24R;, region compared with row (a) which is similar for both val-
while the distance of the inner edge of the tail current is de-ues ofkg (since the IMF vector is already small), while row
termined from the typical rati®,/R,;~0.8 (e.g. Alexeev et  (c) for (0.0,—0.04,—0.4) nT shows even further contraction,
al., 2003, 2006; Alexeev and Belenkaya, 2005; Belenkaya etvith the smallest open region occurring foy=0.8, as also
al., 2006b). These kronian parameter sets are summarized expected. Rows (d) and (e) show the effect of the same vari-
Table 1 (the dipole tilt angle being~25° in all cases). For  ation in theB, component, but now with a larger negative
simplicity of discussion below, these three models will be re-of —0.4 nT. Contraction of the open region again occurs, but
ferred to as the expanded (imagg intermediate (image:), not to the same extent as whé is small, and the region
and compressed (imagg cases, corresponding to sub-solar shifts significantly toward dusk aB, becomes more nega-
magnetopause radii of 28, 22, and 1R & respectively, and tive.

to solar wind dynamic pressures of 0.01, 0.03, and 0.08 nPa. The bottom row (e) in Fig. 3 employs both the specific dy-

namic pressure and IMF conditions that correspond to image

f, i.e. the expanded field model and (0-00.4, —0.4) nT,
4 Model calculations respectively, such that we examine this case in more detail in

Figs. 4 and 5. The solid lines in Fig. 4 compare the Southern
The results derived previously by Belenkaya et al. (2007),Hemisphere open field regions for the tipvalues in a plot
using the compressed magnetic model, demonstrate that tHeaving the same format as the panels of Fig. 3, but where the
open field region in Saturn’s ionosphere depends strongly omgreen line is fokg=0.8 and the red line fdes=0.2. It can be
the direction and strength of the penetrating IMF componentseen that the open regions are very similar to each other, but
Specifically, the open flux increases with increasing positivemarginally more contracted fdg=0.8 than forkg=0.2. Fig-
IMF B, (northward), decreases with increasing negative IMFure 5 shows plots of the field lines in these two models that
B, (southward), and shifts in the dawn-dusk direction in re- originate from the planetary ionosphere in the noon-midnight
sponse to IMFB, (e.g. toward dusk in the Southern Hemi- meridian, projected onto that plane, showing that the outer
sphere forB, negative). These effects are enhanced in themagnetosphere structure is strongly affected by the differing
senses indicated as the penetration faktoincreases for a  penetrating fields. In these plots the IMF vector is indicated
given IMF vector from small values towards unity. In Fig. 3 in the top right-hand corner. The model magnetopause is
we demonstrate that similar effects are also found for the exshown by the dashed line, while the bold curves mark the
panded model considered here, corresponding to the parantboundary between open and closed field lines projected onto
eter set appropriate to imagé The figure shows plots of the (X, z) plane. The open field lines located south of this
the open field region in Saturn’s southern ionosphere (as foboundary are connected to the southern polar cap, and cor-
the UV images in Fig. 2), where the view is looking through respond to the area in Fig. 4 inside the solid green and red
the planet from the north, with noon to the right and dawn atcurves forks=0.8 andks=0.2, respectively. In Fig. 4 we also
the bottom. The circles indicate co-latitude from the south-compare the open field regions with those derived previously
ern pole in steps of 0 Each row of the figure shows results by Belenkaya et al. (2007), using the same IMF vector and
for a given IMF vector, with the left column corresponding kg values, but with the compressed magnetic model. These
to ks=0.8 and the right tas=0.2. Row (a) corresponds to a are shown by the dashed lines, where again the green line is

www.ann-geophys.net/26/159/2008/ Ann. Geophys., 26, 1682008
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Bimf = —-0.3; 0.7; 0.7 80 — r . ;
a4 T T T T T T Bimf=-0.3;0.7;0.7; ks=0.8
I A
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Fig. 6. As for Fig. 4, but now for the intermediate (solid lines) and %« 07 T *" ]
compressed (dashed) magnetic field models and IMF veef®i3( ”
0.7, 0.7)nT appropriate to image, for bothks=0.8 (greenand |  _—— ———=
kg=0.2 (red). T
-100 T T T T T T T T
-400 -300 -200 -100 0 50
X(Rs)

for ks=0.8 and the red fokg=0.2. In this case the variation
with ks is much larger than for the expanded model, such thaigig. 7. As for Fig. 5, but now for the intermediate field model and
the open region is more contracted than both of these whenvF vector ((-0.3, 0.7, 0.7) nT) appropriate to image Panel(a)
ks=0.8, and more expanded wheg=0.2. shows results fokg=0.8, and paneb) for kg=0.2. As in Fig. 5, the

In Figs. 6 and 7 we similarly consider results for the in- magnetopause is shown by the dashed line, the boundary between
termediate magnetic model together with IMF vecte0(3, open and closed field lines by the bold lines, and the projected IMF
0.7, 0.7) nT, corresponding to image Figure 6 shows that Vvector is indicated in the top right-hand corner.
the open region results are essentially similar for both in-
termediate and compressed field models, with a marginally )
larger open region occurring fds=0.8 than forks=0.2 in sults presented previously by Belenkaya et al. (2007). It can

both cases, as expected for positive IMFconditions. The ~ P€ seéen that the size and shape of the open field region de-
projected outer magnetosphere field lines shown in Fig. 7’rlved here using the expanded field model agrees well with

in the same format as Fig. 5, again display a significant re_that of the dark region poleward of the auroras, and certainly

sponse to the change in the penetrating IMF field, though théOr the case oky=0.2 agrees better than that derived previ-

form of the outer magnetosphere field differs greatly from ously using the compress'ed field model. In all cases, how-
the negativeB, case. ever, the model open regions are displaced somewhat to the

nightside compared with the observed auroras. A tailward
displacement of the open field region is expected under most
5 Comparison with observations interplanetary conditions, as shown, for example, in Fig. 3,
due to the day-night asymmetry of the magnetosphere result-
We now directly compare the open field regions shown ining from the flow of the solar wind. The origin of the sun-
Figs. 4 and 6 with the corresponding auroral distributionsward displacement of the auroras observed in imadbus
observed in imageg andm. In Fig. 8 we show results remains unclear at present.
for image f, where the view is similar to previous iono- |n Fig. 9 we show results in the same format for image
spheric plots, except that the orientation has been rotated s@here now the solid and dashed white lines have been de-
that noon is at the bottom and dawn to the left. The dottedrived using the intermediate and compressed magnetic mod-
circles are again at intervals of 1@o-latitude, and the au- els, respectively, as in Fig. 6. In this case the differences
roral intensities are indicated by the colour scale shown ormpetween the results derived using the two magnetic models
the right. Panel (a) correspondsig=0.8 and panel (b) to  are much smaller, such that both are seen to agree well with
ks=0.2, where as in Fig. 4 the solid and dashed white lines inthe poleward border of the observed auroral distribution.
each case show results for the expanded and compressed field
models, respectively, the latter thus corresponding to the re-

Ann. Geophys., 26, 15966, 2008 www.ann-geophys.net/26/159/2008/



E. S. Belenkaya et al.: Dependence of the open-closed field line boundary 165

(a) 2004-01-18 04:40:14 (b) 2004-01-18 04:40:14 (@) 2004-01-30 19:01:19

00 00

b) 2004-01-30 19:01:19

00

18 06 06 18 06 1

12 12 12 2

Fig. 8. HST UV image f shown projected onto a polar grid from Fig. 9. Similar to Fig. 8, but now for HST image. As in Fig. 6, the

the pole to 30 co-latitude, viewed looking through the planet onto solid lines correspond to the intermediate magnetic model and IMF
the southern pole, as in Figs. 3 and 4, but with noon now at thevector (-0.3, 0.7, 0.7) nT, while the dashed lines correspond to the
bottom of the plot and dawn to the left as indicated. The UV au- compressed magnetic model employed previously by Belenkaya et
roral intensity is colour-coded according to the scale shown on theal. (2007) with the same IMF vector. Par{a) shows results for
right-hand side of the figure. The over-plotted white lines show k5=0.8, and paneb) for kg=0.2.

the modelled open field region, as in Fig. 4, where the solid lines

show results obtained here using the expanded magnetic model and

IMF vector (0.0,—0.4, —0.4) nT, while the dashed lines show cor- for high dynamic pressure, the open region contracting with

responding results obtained previously by Belenkaya et al. (2007]ncreasing dynamic pressure for higk, while expanding
using the compressed magnetic model with the same IMF vectoryith increasing dynamic pressure for law.

Panel(a) shows results foks=0.8, and panefb) for ks=0.2. (i) For northward-directed IMF, the open field region is

relatively insensitive to variations in the IMF penetration co-
efficient kg and the solar wind dynamic pressure, though
marginally expanding with increases in these parameters.

In this paper we have extended the results presented previ- (V) The agreement between the modelled open field re-
ously by Belenkaya et al. (2007) on the size and shape ofion and the dgrk region poleward of the auroras ob_served by
the open field line region in Saturn’s ionosphere, and the reth® HST remains as good as or better than that previously ob-
lated structure of the magnetosphere. In that study the opefined using a fixed compressed magnetic model, thus again
field region was modelled using the kronian version of the Supporting the hypofches[s that Saturn’s auroral oval is related
paraboloid magnetic model, and compared with images ofo the open-closed field line boundary, and hence to the solar

Saturn’s bright UV auroras obtained by the HST during so-Wind interaction.

lar wind compressions in January 2004. The modelling em- _ _
ployed a penetrating IMF vector determined from simultane-Acknowledgementsiork at the Institute of Nuclear Physics,
ous data obtained upstream of Saturn by the Cassini spac loscow State University, was supported by the RFBR Grants 05-

craft, combined with an otherwise fixed magnetic field model 5-64435, 06-05-64508, and 07-05-00529. Work at Leicester was
' 9 supported by STFC grant PP/E000983/1. S. W. H. Cowley was

representing compressed magnetospheru_: andltlons. Herﬁjpported by a Royal Society Leverhulme Trust Senior Research
we have extended these results by also taking into account theg|iowship. The auroral data from which Figs. 2, 8, and 9 have
observed dynamic pressure of the solar wind, which modu+een prepared are courtesy of J. Clarke (Boston University), and J.-
lates the size of the magnetosphere and hence also other mag- Gerard and D. Grodent (Univergitie Lege). The authors thank
netospheric model parameters, such as the extent of the ring Alexeev for use of the Saturn magnetospheric model computer
current and the tail current systems. Specifically, we have recode employed here.
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