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Abstract. A unique set of images of Saturn’s northern polar an origin in the current system associated with lobe recon-
UV aurora was obtained by the Hubble Space Telescope imection, similar to that observed in the terrestrial magneto-
2011 and 2012 at times when the Cassini spacecraft was lesphere for northward IMF.

cat.ed in thg solar wind j.USt upstream of S_aturn’s bow ShOCkKeywords. Magnetospheric physics (planetary magneto-
This rare situation provides an opportunity to use the Kro'spheres)

nian paraboloid magnetic field model to examine source lo-
cations of the bright auroral features by mapping them along
field lines into the magnetosphere, taking account of the in-

terplanetary magnetic field (IMF) measured near simultanel Introduction

ously by Cassini. Itis found that the persistent dawn arc maps o ) o

to closed field lines in the dawn to noon sector, with an equa-Vhile the principal mechanism driving the auroras at Earth
torward edge generally located in the inner part of the ring'S the mtergctpn with the solar wind, for J_up|ter and Saturn
current, typically at~7 Saturn radii gs) near dawn, and the most S|gn|f|_cant roles are played by internal processes,
a poleward edge that maps variously between the centre ﬁpe'mfu.:aI.Iy the internal sources of plasma from moons that
the ring current and beyond its outer edge~at5Rs, de- orbit within the m_agnetosphere and rapid planetary rotation
pending on the latitudinal width of the arc. This location, to- (S€€; €.9. the reviews by Krupp et al., 2004 and Mitchell et
gether with a lack of response in properties to the concurrengl» 2009a, and references therein). Nevertheless, this does
IMF, suggests a principal connection with ring-current and not preclude_the solar wind interaction from playlng an im-
nightside processes. The higher-latitude patchy auroras ot0rtant role in outer magnetosphere dynamics at the giant
served intermittently near to noon and at later local timesPlanets; furthermore, it is known, in particular, that bright
extending towards dusk are instead found to straddle th&@uroral emissions extend to very high latitudes in the dawn
model open—closed field boundary, thus mapping along field®€Ctor at Saturn in response to strong magnetospheric com-
lines to the dayside outer magnetosphere and magnetopaud¥€Ssions by the solar wind (Prangé et al., 2004; Clarke et
These emissions, which occur preferentially for northward@l-» 2005, 2009)_. In addition, structured dayside au.roral fea-
IMF directions, are thus likely associated with reconnectiontures observed in the post-noon sector have been interpreted
and open-flux production at the magnetopause. One imag8S the signatures of time-dependent reconnection and open-
for southward IMF also exhibits a prominent patch of very flux production at the dayside me_lgnetopause, similar to “flux
high latitude emissions extending poleward of patchy dawntransfer events” at Earth (Radioti et al., 2011, 2013; Badman
arc emissions in the pre-noon sector. This is found to lie cen®t &l 2013; Meredith et al., 2014).

trally within the region of open model field lines, suggesting
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In this context we note that magnetopause reconnectiomt higher latitudes in the noon to dusk sector were found
may differ somewhat between Earth and Saturn, due to théo occur for northward but not for southward IMF, thus
differing physical conditions occurring at the boundary. In suggesting a connection with reconnection-related processes
particular, flow-shear effects between the magnetosheath arat the magnetopause as discussed previously by Radioti et
sub-corotating magnetospheric plasma may suppress recoat. (2011, 2013) and Badman et al. (2013). In addition, a
nection in the pre-noon sector of strong shear (Owen angrominent patch of polar emissions observed in one image
Cowley, 1987; Desroche et al., 2013), while pressure grafor southward IMF was suggested to be due to high-latitude
dient effects across the boundary may restrict reconnectiofilobe reconnection” between the IMF and open tail flux tubes
to regions where the internal and external fields are closelypoleward of the dayside cusp (e.g. Cowley, 1981). Following
anti-parallel (Swisdak et al., 2003; Masters et al., 2012). Nev-the work of Belenkaya et al. (2013), here we use the modified
ertheless, auroral observations show that the open flux in Saparaboloid model to map bright auroral features in these im-
urn’s dark “polar cap” mapping to the tail varies considerably ages along model field lines into the magnetosphere using the
with time over the range- 10-50 GWb (e.g. Grodent et al., measured IMF as input. Since the images were obtained only
2005), implying typical reconnection (open-flux production) ~1.5-2.5 years after Saturn equinox (August 2009), their
rates~ 50-100 kV, comparable to estimates based on sim-coverage is confined principally to dayside auroral emis-
ple scaling of empirical Earth values (Jackman et al., 2004 sions, such that we are concerned mainly with field line map-
Badman et al., 2005). Indeed, in the auroral events studieging in the dayside magnetosphere. Our results are found to
by Radioti et al. (2011), the expansion in open-flux observedbe compatible with the physical suggestions of Meredith et
implies mean reconnection ratese#00 kV over an interval  al. (2014).
of several hours.

In this paper we continue to investigate the origins of Sat-
urn’s auroras using the Kronian paraboloid magnetospheriQ Observational data
magnetic field model to map bright auroral features along
field lines into the magnetosphere using a new set of auroWe begin in Fig. 1 by showing the Cassini IMF data em-
ral images. This model, introduced by Alexeev et al. (2006)ployed in this paper, where Fig. 1a and b show intervals en-
and Belenkaya et al. (2006a), has most recently been used lypmpassing the HST imaging “visits” examined here, under-
Belenkaya et al. (2013) to magnetically map bright auroraltaken during the 2011 and 2012 Saturn campaigns, respec-
forms from Saturn’s southern ionosphere to both the magnetively (days 90-97 inclusive of 2011 and 2012). The top pan-
tospheric equatorial plane and the northern ionosphere. Thisls in each plot show the field strength on a logarithmic scale,
model includes the planetary field, a ring current and tailwhile the panels beneath show they, andz field compo-
field, and screening currents flowing on a paraboloid magnenents in Kronian solar-magnetospheric (KSM) coordinates.
topause, together with a uniform field representing a partially(In the KSM systemy points toward the Sun, the—z plane
penetrating interplanetary magnetic field (IMF). Model mod- contains the planet’s spin/magnetic axis, armbmpletes the
ifications introduced by Belenkaya et al. (2013) include useright-hand set pointing towards dusk.) The KSM coordinates
of the Burton et al. (2010) axial multi-pole model of the inter- of the spacecraftKs) are given at day markers at the bottom
nal planetary magnetic field, together with a spheroidal formof each plot, together with the spacecraft radial distaRce
for the ionospheric level where the auroral emission inten-(Rsis Saturn’s 1 bar equatorial radius equal to 60 268 km.) In
sity is taken to be at its maximum. It was shown in previous both cases Cassini was moving outward in the post-noon sec-
work that such mapping is controlled by the IMF penetrating tor at the beginning of each interval, passing through apoap-
into the magnetosphere (Belenkaya et al., 2007, 2008, 201Gsis in the near-equatorial pre-dusk sector within each plot
2011). However, situations where we know the IMF vector (see theR values), on revolutions (Revs) 14647 during the
at the times of Saturn auroral images occur very rarely. Be2011 campaign and 18364 on the 2012 campaign. (Cassini
lenkaya et al. (2013) worked with only two Hubble Space Rev numbers are defined from apoapsis to apoapsis.)
Telescope (HST) images, obtained in 2008, one of which oc- During the interval shown in Fig. 1la for the 2011 cam-
curred for northward IMF and the other for southward. This paign, the spacecraft was principally located in the solar wind
work therefore represented only an initial step in identifying measuring the IMF, but with occasional transitions into the
the regions magnetically conjugate to Saturn’s auroras, bumagnetosheath. The latter are readily discerned in the field
did not allow general conclusions to be drawn. magnitude panel as intervals of elevated field strength hav-

Here we work with an expanded set of eight recent imagesng very sharp boundaries, as the spacecraft crossed the bow
of Saturn’s northern auroras obtained during the 2011 andghock. The centre time of each of the foud4 min HST
2012 HST campaigns, when the Cassini spacecraft was simaging intervals discussed here, corrected for the Saturn—
multaneously located in the solar wind just upstream of Sat-Earth light travel time, are shown by the vertical black dashed
urn’s bow shock measuring the IMF. In a parallel study of lines, marked with an image identifier (H1-H4) at the top of
these images, Meredith et al. (2014) found no clear IMF re-the panel. It can be seen that the spacecraft was located in the
sponse in the dawn emissions, while patchy auroras observesblar wind (rather than the magnetosheath) at the time of each
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R 51.95 53.06 53.79 54.14 54.13 53.74 52.97 51.82 50.26

(b) Revs 163/164 2012/090 to 2012/098

- 1
DoY 90 91 92 93 94 95 96 97 98
Xgoy 18.62 21.16 22.39 22.74 22.41 21.54 20.21 18.48 16.39
Yoy 11.28 17.35 2236 26.50 29.85 32.48 34.41 35.66 36.20
Z sy -4.47 -5.05 -5.32 -5.37 -5.28 -5.05 -4.71 -4.28 -3.77
R 22.23 27.82 32.09 35.32 37.69 39.29 40.18 40.39 39.92

Figure 1. Plots showing Cassini magnetic field data encompassing HST imaging intervals dajinlge 2011 Saturn campaign

(Revs 146/147), an¢b) the 2012 campaign (Revs 163/164). Eight days of data are shown in each case (days 90-97 inclusive of 2011
and 2012), with spacecraft position data (KSM coordinates) and radial distRgré€ing given at day boundaries at the bottom of each

plot. The top panel of each plot shows the total field strength on a logarithmic scale (nT), while the three panels beneath shpaniie

field components (nT), also in KSM. The dashed vertical lines show the Saturn centre time ef4éunin HST imaging intervals in each

panel, for which Cassini had been located continuously in the solar wind for at least several hours previously. Image identifiers are shown at
the top of each plot. The associated pink stripes show the lagged 3 h intervals over which these IMF values have been averaged to generate
characteristic IMF (and standard deviation) for each image interval, as given in Table 1.

image, and had been for a substantial prior interval. The ver- Similarly in Fig. 1b for the 2012 campaign, the spacecraft
tical pink bands show the lagged 3 h intervals over which thewas initially intermittently located within the magnetosphere
IMF has been averaged to generate an overall value, as wilbn day 90 (negativé8, intervals), consistently in the magne-

be discussed further below. It can be seen, for example, thabsheath on day 91, and passed out across the bow shock into
IMF B, was consistently positive during these intervals for the solar wind early on day 92. Thereafter the spacecraft was
H1 and H2, and consistently negative for H3 and H4, while located principally in the solar wind, though again with occa-
IMF B, was mainly positive for H1-H3, and mainly negative sional intervals in the magnetosheath, clearly indicated by el-
for H4. evated fields with sharp boundaries. The centre times of four
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HST imaging intervals, and associated lagged IMF averagingneasured by Cassini, lagged and averaged as described be-
intervals, are again shown by the vertical black dashed linesow.
and pink bands, respectively, with image identifiers (15-18) Examining the other images from the 2011 campaign,
shown at the top of the plot. The IMF averaging intervals areit can first be seen that for visit H2 in Fig. 3a (3 April
again seen to be located continuously in the solar wind, withat 03:23:19 UT), the noon spot now lies close to the east-
IMF B, consistently negative for |6 and |7, consistently pos- ward end of the dawn arc, though at higher latitudes, while
itive for 18, and near zero for 15, while IMB, was mainly  only weak vestiges of the dusk emission remains. For H3 in
positive for 15, and negative for 16 to 18. A range of differing Fig. 4a (5 April at 06:30:29 UT), we see a continuous bright
IMF conditions is thus seen to have been present during theseide auroral oval that shifts to higher latitudes in the post-
imaging intervals. noon sector, while for H4 in Fig. 5a (7 April at 06:26:11 UT)
The corresponding HST images of the northern daysidea latitudinally broad band of auroras spans from beyond the
auroras are shown in Figs. 2a-5a for the 2011 campaigmlawn meridian towards noon, extending poleward close to
(H1-H4), and in Figs. 6a—9a for the 2012 campaign (15—the magnetic/spin pole of the planet itself. Previous studies
18). In each case all image sub-frames over the imaging in-have shown that such “disturbed” auroral morphologies oc-
terval (termed a “visit”) have been co-added to maximisecur in response to rapid compressions of the magnetosphere
the signal-to-noise, and have been projected onto a surfadey the solar wind (Prangé et al., 2004; Clarke et al., 2005,
1100 km above the 1 bar planetary reference spheroid wher2009), possibly resulting in rapid reconnection and open-flux
the auroral emission maximises (Gérard et al., 2009). Imagelosure in the tail (Cowley et al., 2005).
resolution near noon is- 400 km east—west, but 1000 km Turning now to the 2012 campaign images, for visit 15 in
north—south due to the oblique view. White dotted circles andFig. 6a (1 April at 10:47:15 UT) it can be seen that a narrow
radial lines show 10latitude and 2 h local time (LT) lines, dawn arc extends into the pre-noon sector, together with a
respectively, with noon at the bottom and dawn to the left. prominent high-latitude spot near noon, while weaker emis-
The images have been truncated past the dawn—dusk meridions are only present in the post-noon sector past the dusk
ian where the data approach the planetary limb, with somemeridian, taking the form of a narrow arc extending from
what better coverage being available for the 2012 imagedigher to lower latitudes with increasing LT. The auroras for
compared with 2011 due to the developing northern spring6 in Fig. 7a (2 April at 10:48:56 UT) exhibit similar features
season at Saturn. The visit identifier is given at the top ofto visit I5 near dawn and dusk, though the emissions near
each image, together with the date (year-month-day) and imnoon are located at a significantly lower latitude, and could
age UT centre time (hour:min:sec). These centre times arénstead represent a continuation of the dawn arc having be-
tabulated in the second column of Table 1, where the thirdcome somewhat patchy in the pre-noon sector and moving
column also gives the “Saturn time” of the image, correctedto somewhat higher latitudes. For visit 17 in Fig. 8a (3 April
for light travel from the planet to the HST. A colour-coded at 10:45:49 UT), we then observe only a broad bright dawn
intensity (kR) scale is also shown above the images, which isarc extending fully to the noon meridian where it moves to
the same for each image so they may be compared directly.higher latitudes, with no separate noon spot or significant
The first image in Fig. 2a is from visit H1, obtained on emissions in the post-noon sector to dusk and beyond. For
1 April 2011 centred at 05:03:51 UT. As in many of these visit 18 in Fig. 9a (4 April at 13:54:13 UT), the dawn arc is
images, but not all, the auroral emission can be dividedonce more narrow, and, similar to the case for 16, may ex-
into three regions, consisting with increasing LT of a dawntend into patchy forms near noon that move to higher lati-
arc, a noon spot, and dusk emission. To trace these featurdéades, marked separately in the figure by dark blue and purple
into the magnetosphere, we have identified the boundaries ddsterisks on the poleward and equatorward borders, respec-
the emissions and have marked them with numbered symtively. This image also contains a new feature, namely patchy
bols as shown in the figure, typically taken at intervals of emissions extending over the polar region, principally on the
0.5h LT, from which field lines have been computed usingdawn side of the noon—-midnight meridian, marked by light
the field model to be discussed in Sect. 3. The equatorwardlue and orange asterisks. As for visit 17, there are no signifi-
and poleward boundaries of the dawn arc are shown by lightant emissions in the post-noon sector at usual oval latitudes
green triangles and dark green squares, respectively, wheiia this case. Overall it can be seen that a variety of auroral
the boundary is taken to correspond to the appropriate vermorphologies exist within this data set, though with a num-
tex of the symbol. Similarly, the equatorward and polewardber of common features as well.
boundaries of the dusk arc are shown by violet triangles and We now consider the lagged and averaged values which
brown squares. The point numbers increase from the nightare used to characterise the IMF during each HST imag-
side towards noon along each border. Points on the boundng interval, which are employed in the magnetic field mod-
ary of the near-noon spot are centred within open red circleselling discussed in Sect. 3. The minimum lag time rela-
The brown curve over plotted on the image shows the boundtive to the centred “Saturn time” of each image has been
ary between open and closed field lines computed from theestimated by considering the “frozen-in” field propagation
magnetic field model using the KSM components of the IMF delay from the spacecraft to the subsolar bow shock, the
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Figure 2. (a) Image of Saturn’s northern UV aurora obtained on HST visit H1, co-added over all image sub-frames duringgtimn

imaging interval, shown projected onto a surface 1100 km above the 1 bar reference spheroid. White dotted lines show latitude circles at
10° intervals and radial longitude lines at 2 h LT intervals, with noon at the bottom and dawn to the left. The visit identifier is given above
the image, together with the date (year-month-day) and light-propagation corrected UT centre time (h:min:s). An emission intensity (kR)
scale is also shown, common to all the images shown. Numbered light green triangles and dark green squares mark the equatorward an

poleward borders of the dawn arc, respectively, shown eve®® min of LT, red circles mark the boundary of the near-noon spot, while

blue triangles and brown squares mark the equatorward and poleward borders of the pre-dusk emission. The brown curve shows the mode

open—closed field boundary, computed using the concurrent IMF vector, derived as described in(Bpgh& KSM equatorial plane of

Saturn’s magnetosphere, viewed from the north with the Sun to the right. The black curve on the right shows the magnetopause surface, &
paraboloid of revolution about theaxis, while the black curve to the left shows the inner edge of the tail current sheet. The black circles
show the inner and outer edges of the model ring current. The green line marks the boundary between closed field lines (region 1) and
interplanetary lines that have penetrated into the magnetosphere (region 3). Projections of constant latitude circles from the north are showr
by the blue lines, marked with the corresponding latitude antrvals. Projections of lines of constant LT at steps of 3 h are shown by violet

lines. Boundaries of the auroral forms (&) are shown projected along model field lines to the equatorial plane using the same numbered
symbols. The lagged 3 h averaged concurrent IMF vector employed in the model is indicated above the plot, with the vector shown blue

being projected into the—y (upper) and—y (lower) planes on the right.
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Ann. Geophys., 32, 6804 2014



694

E. S. Belenkaya et al.: Magnetospheric mapping of Saturn’s dayside auroras

Table 1.Centre HST and Saturn times of auroral images, lag times for field averages, and average and RMS deviation KSM field components.

Visit HST centre time (UT)  Saturn time (UT) tp(h) () By(nT) ByRMS By, (nT) ByRMS B, (nT) B;RMS

H1 2011-04-01 05:03:51 2011-04-01 03:52:13 1.552 4.552 0.076 0.022 0.186 0.016 0.154 0.026
H2 2011-04-03 03:23:19  2011-04-03 02:11:41 1.414 4.4140.041 0.055 0.173 0.059 0.130 0.064

H3 2011-04-0506:30:29  2011-04-0505:18:51 1.250 4.256-0.283 0.152 -0.933 0.202 0.432 0.401

H4 2011-04-07 06:26:11  2011-04-07 05:14:32 1.091 4.09%0.154 0.189 -0.588 0.131 -0.147 0.156

15 2012-04-0110:47:15  2012-04-01 09:34:29 1.985 4.985-0.153 0.100 -0.075 0.101 0.153 0.083

16 2012-04-02 10:48:56  2012-04-02 09:36:12 1.987 4.9870.005 0.026 —-0.333 0.046 —0.536 0.025

17 2012-04-03 10:45:49  2012-04-03 09:33:07 1.965 4.965-0.064 0.057 —-0.426 0.050 -0.406 0.058

18 2012-04-04 13:54:13  2012-04-04 12:41:33 1.916 4.916-0.340 0.037 0.270 0.057 —0.173 0.057
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Figure 3. HST image and equatorial mapping for visit H2, in the Figure 4. HST image and equatorial mapping for visit H3, in the
same format as Fig. 2.

same format as Fig. 2.

transit time across the magnetosheath to the subsolar magenditions throughout, corresponding to a solar wind speed
netopause, and the one-way Alfvénic propagation time alongf ~ 450 km s and a dynamic pressure f0.03 nPa (e.g.
high-latitude field lines from the magnetopause to the day-Arridge et al., 2006). An exception is made for visit H4, how-

side ionosphere. Despite Cassini’s location in the solar windever, which as noted above exhibits a “disturbed” auroral
the upstream plasma parameters in general remain unknowmorphology indicative of magnetospheric compression, for
due to limitations in the plasma ion instrument field of view. which we assume a higher dynamic pressure-@08 nPa.

For simplicity therefore, we assume intermediate solar windTo determine the above propagation times, we have then

Ann. Geophys., 32, 689704, 2014 www.ann-geophys.net/32/689/2014/
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Figure 5. () HST image for visit H4, in the same format as Fig. 2.

(b) Close-up of the near-planet equatorial magnetosphere in a forfigure 6. HST image and equatorial mapping for visit IS, in the

mat similar to Fig. 2b. The green and red lines mark the bound-Same format as Fig. 2.

aries between closed lines (region 1), and open lines mapping to the

northern (region 2a) and southern (region 2b) ionospheres, respec-

tively. of the magnetosheath show that the flow speed over the mag-
netopause reaches a significant fraction of the upstream solar
wind speed by the dawn—dusk meridian (e.g. Desroche et al.,

employed the bow shock and magnetopause models of Mas2013), use of a typical solar wind speed to determine propa-

ters et al. (2008) and Kanani et al. (2010), respectively, pa-gation times in the extended magnetosheath is reasonable. At

rameterised by the solar wind dynamic pressure, togethetypical flow speeds of 450 kms1, therefore, the magne-

with the formulation of Khan and Cowley (1999) for the tran- tosheath plasma outside the magnetosphere trav8BRs

sit time across the magnetosheath. For the Alfvénic propagaim a 3 h interval, thus reaching distances down-tail from the

tion to the ionosphere we have used a typical constant valuglanet after first contact at the nose that-argtimes the sub-

of 30 min. The total lag timesy) for each image are given solar distance (typically~ 20 Rs). Our averages thus char-

in column 4 of Table 1, and have valuesl-2 h. acterise the IMF concurrently interacting with the magneto-

The IMF that influences the state of the dayside auroras asphere over a significant volume of the near-planet system,

any time is not just the instantaneous lagged value, howevers seems appropriate.

but the field over a significant prior period. Here we have The mean values of the three field components in KSM

taken this interval to extend 3 h prior to the minimum lag coordinates, together with the RMS deviations about them,

time, such that the maximum lag employedsis=€ 11 + 3 h), are shown in columns 6-11 of Table 1. It is again seen that

given in column 5 of Table 1. The IMF data are thus aver-the image set contains a range of concurrent IMF conditions,

aged over the interval between timesand#; prior to the  in particular four with positive mean IMB;, likely to be

centred Saturn time of each image as shown by the pinkconducive of open-flux production at Saturn’s magnetopause,

bands in Fig. 1. Given that magnetohydrodynamic modelsand four with negative mean IMB,, which likely is not. It

www.ann-geophys.net/32/689/2014/ Ann. Geophys., 32, 6804 2014
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Figure 7. HST image and equatorial mapping for visit 16, in the ] ) ] o )
same format as Fig. 5. Figure 8. HST image and equatorial mapping for visit 17, in the

same format as Fig. 5.

can also be seen that the RMS deviations about the means are
generally rather smaller than the means themselves, such thgpheroid 1100 km above the 1 bar reference surface, as em-
the IMF components are not greatly variable about the mearmployed in the HST image projections described above. As
values in the table. The only case in which the RMS devia-indicated in Sect. 1, current systems in the model represent
tion of the IMF B, component (slightly) exceeds the mean, the effect of the ring current and the tail currents within the
for example, occurs for visit H4. In addition, examination of magnetosphere, while shielding currents flow on the magne-
the Cassini data in Fig. 1 shows that the mean values are nabpause, assumed to be a paraboloid of revolution about the
sensitively dependent on the exact interval employed to deKSM x axis, that fully contain the magnetic flux inside the
rive them. The mean IMF component values are then thoséoundary. To this is added a fraction of the mean IMF that is
used in the magnetic modelling described in the next sectiontaken to penetrate inside the boundary, as will be discussed
and are the values referred to in all subsequent discussion. further below. Additional details may be found in Belenkaya
et al. (2013), and in the references cited in Sect. 1. We note
that the main perturbation fields not included in the model
3 Magnetic modelling results are those associated with magnetosphere—ionosphere field-
aligned coupling currents produced by plasma sub-corotation
The present study employs the modified magnetospheri¢e.g. Cowley and Bunce, 2002; Cowley et al., 2004, 2005),
magnetic field model discussed by Belenkaya et al. (2013)and those associated with the “planetary period oscillations”
in which the internal field of the planet is taken to consist of (e.g. Andrews et al., 2010), that are of similar order. From
dipole, quadrupole, and octupole terms in accordance wittsimple estimates based on observed azimuthal fields, the az-
the results of Burton et al. (2010), while the ionospheric sur-imuthal deflections of the field lines between the ionosphere
face of maximum auroral emission is taken to be an axialand the equatorial plane associated with these systems are
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(@) vitis- 2000043545 NN 0 by Alexeev et al. (2006), while parameters corresponding to
T Rela T high dynamic pressures 6f0.08 nPa and a compressed sub-
solar magnetopause atl7.5Rs appropriate to the Pioneer—
11 flyby have been derived by Belenkaya et al. (2006a).
However, in view of the unknown dynamic pressure con-
ditions prevailing during the intervals examined here we
use model parameters throughout derived by Belenkaya et
al. (2008) that correspond to intermediate dynamic pressures
of ~0.03 nPa and an intermediate subsolar magnetopause at
~ 22 Rs. The latter distance corresponds to the most prob-
able subsolar magnetopause radius found in the study of
Cassini magnetopause data by Achilleos et al. (2008). An
exception is made for visit H4, however, for which we em-
ploy the above “compressed” model in view of the auroral
conditions prevailing, as discussed in Sect. 2. The specific

(b) , 2012 Case 18. Equatorial plane. IMF~{-0.34,0.27,-0.17}nT parameters employed for the “intermediate” (compressed)
B, InT cases are as follows (see Belenkaya et al., 2008, 2013, and
i references therein): (a) a radial distance to the subsolar mag-
N netopause of 2Rs (17.5Rs), (b) inner and outer edges of

! BT ! the ring current at 6.5 (also 6.5) and R§ (12.5Rs), respec-

tively, (c) a field strength at the outer edge of the ring current

4 of 3.0nT (3.62nT), (d) a distance to the inner edge of the

5, it tail current sheet of 18s (14 Rs), and (e) a field at the inner

edge of the tail current sheet of 7nT (8.7 nT). With regard

to the coefficient of fractional penetration of the IMF vector

N g,mT? into the magnetosphere, we note that empirical values de-

termined for Earth lie typically in the range 0.2-0.4 (e.qg.

4 Cowley and Hughes, 1983; Petrukovich, 2011). The value
appropriate to Saturn has yet to be established by direct mea-
surement, but on the basis of the results, for example, of Bad-

Figure 9. HST image and equatorial mapping for visit I8, in a sim- man et al. (2005) discussed in Sect. 1, the value has been

ilar format to Fig. 5. Patchy emissions in the pre-noon sector aretaken here to have a similar value of 0.2, at the low end of

now marked by blue (equatorward) and purple (poleward) asterisksthe above range. It was shown previously by Belenkaya et
al. (2013), and will be confirmed below, that the resulting
models provide a realistic estimate of the open flux within
negligible, by a few degrees or less, inside radial distanceshe Saturn system, judging from comparisons with the dark
of ~10Rs, but may rise to of the order of 1(° in the “polar cap” region bounded by the aurora. Magnetic mapping
outer dayside magnetosphere beyond. This is not a majowithin the model is then derived by Runge—Kutta integration
effect, however, particularly when mapping longitudinally of the usual field line equations.

elongated auroral structures. The planetary period oscilla- As indicated above, the Saturn paraboloid model has pre-

tions are also associated with latitudinal oscillations of theviously been successfully employed to model the magnetic

aurora and radial oscillations of the plasma within the near-field observations during Cassini Saturn orbit insertion under

equatorial magnetosphere. However, the oscillation ampli-expanded magnetospheric conditions (Alexeev et al., 2006),

tude is only of the order of 1° latitude for the aurora (e.g. as well as Pioneer-11 flyby data under compressed con-

Nichols et al., 2010), and- 1 Rs in radial distance for the ditions (Belenkaya et al., 2006a). The intermediate model

equatorial plasma in the outer magnetosphere (e.g. Clarke etbove then corresponds to intermediate parameters that in-

al., 2010), such that neglect of these effects will not signifi- corporate an accurate model of the internal field of the planet
cantly affect the conclusions of this study. (Burton et al., 2010), a model of the magnetopause appro-
Some of the parameters describing the model, such apriate to intermediate solar wind dynamic pressures (Arridge
the radial distance to the magnetopause, clearly depend oet al., 2006; Kanani et al., 2010; Achilleos et al., 2008), and
the solar wind dynamic pressure, which, as indicated ina ring-current model based on Voyager and Cassini observa-

Sect. 2, remains in general unknown. Model parameters cortions (Connerney et al., 1983; Bunce et al., 2007). As noted

responding to low dynamic pressures-e0.01nPa and an above, the model also yields realistic estimates of the amount

expanded subsolar magnetopause- @8 Rs appropriate to  of open flux in the system, when compared with auroral

Cassini Saturn orbit insertion conditions have been derivedmages (see e.g. Belenkaya et al., 2007, 2008, 2010, 2011,

-20
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2013). However, to investigate the sensitivity of the results toouter magnetosphere and magnetopause region in the dusk
the detailed choice of model parameters, we have examinedector.

how the field line mapping from a few randomly chosen au- The equatorial projection for visit H2 is shown in the same
roral boundary points in the HST images varies as the modeformat in Fig. 3b, where the field structure is similar to that
parameters are changed over reasonable ranges, focusing for visit H1 due to the similar mean northward IMF field
the ring-current parameters and the IMF penetration factocomponents. In this case the equatorward edge of the dawn
for a subsolar magnetopause position fixed aR22Specif-  arc extends approximately along a noon—midnight direction
ically, relative to intermediate model values we have variedfrom near the inner edge of the model ring current at dawn,
the outer radius of the ring current byl Rs (i.e. between  similar to visit H1, towards its centre in the pre-noon sec-
14 and 1&Rs), its field strength parameter By25 % (i.e. be-  tor. The poleward boundary of the emission, extending to
tween 2.25 and 3.75nT), and the IMF penetration parametehigher latitudes than for H1, now lies in the outer magneto-
by a factor of two in either direction (i.e. between 0.1 and sphere in the pre-noon and dawn sector, but approaches and
0.4). The mapped coordinates in the equatorial plane werextends across the boundary of open field lines (near dark
found to vary by~ 0.5Rg or less over the full range of these green square number 5) beyond the dawn meridian. The near-
variations, showing that the mappings discussed below ar@oon spot again straddles the open—closed boundary, with
not sensitively dependent on the specific model parametethe boundary points on closed field lines mapping to the pre-
choices. noon outer magnetosphere near the magnetopause.

Results for visit H1, for which the IMF is directed north-  For visit H3 shown in Fig. 4b, however, for which the
ward, are shown in Fig. 2b, where we show a view of the mean IMF was again northward but much stronger in all three
KSM equatorial plane with the Sum @lirection) to the right, KSM components than for visits H1 and H2, we find a con-
and dusk ¢ direction) upward. The mean KSM IMF vec- tinuous band of emission extending across the noon sector
tor employed is indicated (to 2 decimal places) at the top offrom beyond the dawn meridian on one side to beyond dusk
the figure, and is illustrated by the blue arrows to the righton the other. As in previous cases, the equatorward edge of
of the plot, which show the vector projected into the KSM the emission lies near the inner edge of the model ring cur-
x—y (upper plot) and— (lower plot) planes. As in all simi-  rent near dawn, extends outward into the central ring current
lar figures, the outer black line to the right shows the modelin the pre-noon sector, and then moves into the outer magne-
magnetopause, that to the left shows the inner edge of the taibsphere near the magnetopause in the post-noon sector, be-
current, while the two black circles show the boundaries offore moving back into the ring current post-dusk. The pole-
the model ring current. The blue and violet lines then showward edge of the emission then lies consistently on open field
lines of constant latitude and LT, respectively, mapped fromlines, and thus does not appear in the equatorial projection. It
the northern ionosphere to the equator as markeédn{2r- is notable, however, that the open—closed boundary lies near
vals of latitude starting at P0and 3 h intervals of LT). The the poleward boundary of the emission in the pre-noon sec-
solid green curve shows the boundary between closed fieldor, but nearer to the equatorward boundary post-noon.
lines (region 1), and interplanetary field lines within the mag-  For visit H4 the mean IMF was directed southward
netosphere (region 3). Open field lines (potentially region 2)(though somewhat variable), such that the structure of the
do not cross the equatorial plane for northward IMF. equatorial field shown in Fig. 5b is different to that for the

The coloured symbols in Fig. 2b then show the mappedearlier cases in which the mean field was northward. In this
positions in the equatorial plane corresponding to the regiongase closed field lines (region 1) extend down the central tail
of auroral emission shown in Fig. 2a. It can first be seen thato much larger distances than for northward IMF, bounded
the segment of the dawn arc that is visible in the imageshy the red and green lines. These are flanked by open field
marked by the numbered light green triangles and dark greefines passing through the equatorial magnetosphere from the
squares, maps between the inner edge and the centre of terthern ionosphere in region 2a on the dawn side, and from
model ring current in the dawn sector (only first and last num-the southern ionosphere in region 2b on the dusk side, for this
bers are indicated in Fig. 2b). The near-noon spot, howeverpolarity of IMF B, (see, e.g. Belenkaya et al., 2013). We also
shown by the open red circles, is seen to straddle the openrecall from above that these results have been computed us-
closed field boundary in Fig. 2a, and correspondingly mapsng the compressed magnetosphere model in this case, on the
into the pre-noon outer magnetosphere and magnetopause reasis of the unusual morphology exhibited by the dawn au-
gion in Fig. 2b. Those points on open field lines in Fig. 2a dororas. It can be seen that the equatorward boundary of these
not appear in Fig. 2b. Similarly, the points on the equator-emissions again maps near the inner ring current close to
ward boundary of the dusk arc shown by the violet trianglesdawn, moves outward to the outer ring current pre-noon and
generally map into the outer magnetosphere just beyond théhen to the magnetopause post-noon as the emission crosses
ring current in Fig. 2b (except for points 1 and 2), while the the open—closed boundary in Fig. 5a (after green triangle
points on the poleward boundary, again on open field linesnumbered 19). The remaining points, including all those on
(apart from anomalous point 10 shown by the brown square)the poleward border, lie in the model region of open field
do not appear in Fig. 2b. This arc is thus mapped into théines, and pass across the magnetopause without crossing the
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equatorial plane. Physically, however, the evident spatial ho- Visit 17 again has strong negative IMB, and B, com-
mogeneity of the observed emissions, effectively bisected byonents, with a latitudinally broad dawn arc of variable in-
the model open—closed boundary, indicates that it is unlikelytensity extending just past the noon meridian, and no sep-
that they originate from such diverse spatial locations. In-arate noon spots or dusk emissions. As in other cases, the
stead, as discussed above, the steady-state model may ovequatorward boundary of the dawn arc maps in Fig. 8b from
estimate the amount of open flux in the system at this time ashe inner edge of the ring current in the dawn sector towards
a result of rapid time-dependent reconnection of open flux inits centre near the noon meridian. The poleward boundary
the tail resulting from magnetospheric compression (Cowleythen maps near the outer edge of the ring current in the dawn
et al., 2005). In that case the open—closed boundary may lisector, moving outwards into the outer magnetosphere and
poleward of that indicated in the figure, certainly in the dawn the vicinity of the magnetopause in the pre-noon sector. The
sector. emission thus lies wholly on closed field lines in the dawn
Turning now to the images obtained during the 2012 HSTand dayside sectors.
campaign, the first of these for visit 15 is again for north-  The IMF for visit 18 then has somewhat weaker positive
ward IMF, and has an auroral morphology with some sim- B, and negativeB, IMF components, and shows a narrow
ilarities to H1. Specifically, the dawn arc is narrow in lati- dawn arc, structured higher-latitude emissions in the pre-
tudinal extent, and maps in Fig. 6b between the inner edge&oon sector, and a very high latitude spot on the dawn side of
and near the centre of the ring current on closed field linesthe noon—midnight meridian extending close to the pole. As
similar to visit H1. The near-noon spot again straddles theshown in Fig. 9b by the green triangles and squares, the dawn
open—closed boundary with its equatorward portion map-arc once more maps between the inner edge and centre of the
ping mainly to the outer magnetosphere just inside the daymodel ring current in the dawn sector, moving outwards post-
side magnetopause, but is now located more centrally neadawn and extending into the patchy band of emission map-
to noon between- 09:00 and~ 14:00 LT, rather than in the ping to the outer ring current and outer magnetosphere in the
pre-noon sector as for visits H1 and H2. This may reflect thepre-noon sector shown by the dark blue and purple asterisks.
near-zero IMFB, in the present case, rather than the positive The high-latitude emissions are then located principally on
By in the latter two cases. The dusk arc marked by the browropen field lines, and map in the equatorial plane to the dusk
squares and violet triangles is unlike the dusk emission fortail at large distances from the planet.
H1, however, being latitudinally narrow, confined to LTs past
the dusk meridian, and lying nearly wholly on closed field
lines between the open—closed boundary near dusk and th& Auroral source locations
inner edge of the ring current (similar to the latitude of the
dawn arc) at later LTs. Point 6 on the poleward border markedMe now summarise and discuss the results shown in Figs. 2—
by the brown squares lies just on open field lines and does nd. With regard to the structure of the model field and its de-
appear in the equatorial view. pendence on the IMF, we note that the results largely follow
For visit 16 the IMF had strong negativ&, andB, compo-  those described previously by Belenkaya et al. (2013). For
nents, with a consequent equatorial field structure in Fig. 7tnorthward IMF, the boundary between open and closed field
that is similar to that for H4 in Fig. 5b. The dawn arc is once lines lies in the northern ionosphere-aB4° near noon and
more narrow in latitudinal extent, and as in previous such~ 77° near midnight (Figs. 2a—4a and 6a), while the bound-
cases, for visits H1 and I5 (both for northward IMF), maps ary between closed and interplanetary field lines in the night-
between the inner edge of the model ring current and its censide equatorial plane lies at radial distances betwedd
tre, as shown by the green triangles and squares. The preand ~ 16 Rs down-tail (Figs. 2b—4b and 6b), almost inde-
noon patch of emission shown by the red circles then formgendent of the other IMF components. For southward IMF
a longitudinal band straddling the outer boundary of the ringthe open—closed boundary still lies-at34° near noon, but
current, unlike the near-noon emissions for northward IMF inis variably contracted near midnight te 79-85 depend-
visits H1, H2, and 15, which straddle the open—closed bound-ing on the magnitude of IMB,, and also shows significant
ary and hence map principally to the outer magnetospherelawn—dusk displacements depending on IBIF (Figs. 5a
beyond the ring current and to the magnetopause. This reand 7a—9a). Correspondingly, the boundary of closed field
sult reinforces the suggestion in Sect. 2 that these emissiorlies in the equatorial plane in these cases extends down-
instead represent a patchy continuation of the dawn arc, lotail to variable distances, flanked on either side by open-flux
cated well away from the open—closed boundary in Fig. 7atubes mapping to either of the two polar ionospheres depend-
The dusk arc then has similar properties to that observed duiing on the sign of IMFB,.. We note that these IMF-dependent
ing visit 15 (for northward IMF), being latitudinally narrow features in the nightside model field appear to occur closer
and located wholly on closed field lines past the dusk merid-to the planet than indicated by Cassini data, which instead
ian, stretching in the equatorial plane from deep within thesuggest the usual presence of closed flux to distances of a
dusk tail region, to inside the ring-current region in the pre- few tens of Saturn radii down-tail (e.g. Jackman and Arridge,
midnight sector as seen in Fig. 7b. 2011; Kellett et al., 2011), though intermittent reconnection
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signatures such as tailward-travelling plasmoids are observe@owley and Bunce, 2003; Cowley et al., 2004). However, it
at distances beyond 30 Rs (e.g. Jackman et al., 2011, and remains unclear why these auroras terminate in the pre-noon
references therein). However, the mappings of principal in-to noon sector, and do not extend significantly into the post-
terest here are of the dayside aurora into the dayside magn&oon hours, at least not at intensities comparable to those on
tosphere, where the magnetospheric field lines are confinethe dawn side (the apparent exception of visit H3 will be dis-
by the currents on the dayside magnetopause rather than beussed below).
ing stretched out to significant distances by the nightside cur- Turning now to the separate emissions near to noon ob-
rents in the tail, and hence being subject to somewhat lesserved in a number of the images, we first of all conclude
uncertainty. that for two of the cases, for visits 16 and 18, the emissions
Turning then to the mapping results, it can first be seen thatnitially identified are most likely continuations into the noon
the equatorward edge of the dawn arc maps consistently neaector of patchy dawn arc emissions, on the bases of their
the inner edge of the model ring current at radial distancesnore arc-like rather than spot-like form, and the fact that
of ~7-8Rgs near the dawn meridian, extending outwards to- they are found to map principally to the outer ring current
wards the centre of the model ring currentalORs in the and outer magnetosphere region (Figs. 7b and 9b). The other
pre-noon sector. These distances correspond to the inner reases, for H1, H2, and I5, all straddle the model open—closed
gion of hot ions and electrons in Saturn’s magnetospherefield boundary, thus mapping to the dayside outer magneto-
where we note that the ring current at smaller radial dis-sphere and magnetopause region (Figs. 2b, 3b, and 6b). We
tances is carried mainly by warm plasma originating from further note that all three cases occur for northward IR}
Enceladus (e.g. Kellett et al., 2011). For the four cases of latiaking a connection with dayside reconnection and open-
itudinally narrow arcs in this study (for visits H1, 15, 16, and flux production in the noon sector plausible, as also sug-
18), the outer boundary then maps typically near the centregested by Meredith et al. (2014). In addition, the spots are
of the ring current at a radial distance ©f10Rs. We note  centred pre-noon for H1 and H2, which may be connected
that of these four cases, two occur for positive mean IBAF  with the positive IMF B, prevailing, while the spot for I5,
(H1 and 15) and two for negative (16 and 18), while similarly for which By is small and positive, is centred closer to noon.

two occur for positive mean IMB,, (H1 and 18) and two for The fourth case with IMBB, positive is H3, for which no
negative (15 and 16). The narrow-arc feature can thus occuseparate noon spot is evident, but rather a continuous band
for either sign of these two field components. is observed that extends throughout the dusk sector. It is no-

For the remaining cases of latitudinally broader dawn arcstable, however, that the emission is located principally equa-
the poleward boundary maps to the outer magnetosphere bésrward of the model open—closed boundary in the pre-noon
yond the ring-current region (H2, and 17 in the pre-noon sector, discussed above in relation to the “dawn arc” emis-
sector), or close to the magnetopause boundary itself (H3ions, while becoming centred poleward of the open—closed
in the pre-noon sector). The only apparent exception occurboundary in the post-noon sector. It thus seems reasonable
for visit H4, where as previously noted the dawn emissionsto suppose that these post-noon emissions may be related to
extend continuously across the model open—closed boundhe noon spots that also straddle the boundary, but now with
ary, an occurrence we attribute on the basis of past evidencemissions appearing continuously from noon to dusk for the
to time-dependence under disturbed (compressed magnetoase of the strongest positive IMF;. in the data set. We note
sphere) conditions. We again note that of these four caseshat similar emissions are also seen for visit H1, though with
two occur for positive mean IMB, (H2 and H3) and two a gap in this case between these and the noon spot in the
for negative (H4 and 17), while one occurs for positive meanpost-noon sector, while only weak vestiges of such emis-
IMF B, (H2) and three for negative (H3, H4, and 17), such sions appear to be present for H2, and none for 15. Over-
that the broader-arc feature can also occur for either sign oéll, it seems reasonable to suppose on the basis of these re-
these two field components. Allowing the apparent excep-sults that these noon and post-noon high-latitude emissions
tion of visit H4 for the above reasons, we thus conclude thatfor positive IMF B, are related to magnetopause phenom-
the dawn arc appears to be a wholly closed field line phe-ena, likely reconnection and open-flux production. The em-
nomenon associated with the dawn ring current and outephasis on the noon and post-noon sector is taken to relate
magnetosphere, that is, unresponsive in its gross features the flow shear across the magnetopause between the anti-
to the concurrent value of the IMF. This conclusion is in sunward flowing magnetosheath plasma on one side and the
agreement with the corresponding discussion of Meredith esub-corotating magnetospheric plasma on the other, which
al. (2014). Instead, we suppose that its variations may be remaximises on the dawn side of noon, tending to suppress re-
lated more to nightside phenomena that inject hot plasma int@onnection, and minimises on the dusk side, which may thus
the inner region via dawn (e.g. Mitchell et al., 2009b), thus be favoured (Desroche et al., 2013).
related to the IMF only over longer timescales. The emis- The auroras for visit 18 are of special interest, in uniquely
sions may be related to field-aligned coupling currents duewithin this data set showing a patch of emission well within
to plasma pressure gradients and/or flow shears associatelde region of open field lines, principally on the dawn side
with corotation breakdown in this region (e.g. Cowley, 2000; of the noon—midnight meridian, lying poleward of patchy
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auroras on closed field lines most probably associated with a. The dawn arc auroras map generally to the region of

the dawn arc. We note that this case occurred for the largest
IMF B, component in this data set, as well as for positive
By and negativeB,, the equivalent polar field structure for
which condition has been discussed for the terrestrial case
by Belenkaya (1998). The emissions are thus likely associ-
ated with the currents set up by “lobe reconnection” between
interplanetary and open tail lobe field lines, equivalent to the
“NBZ currents” that occur at Earth (see Fig. 6 of Blomberg et
al., 2005 and Fig. 8 of Belenkaya et al., 2006b), as also sug-
gested by Meredith et al. (2014). The preference for dawn in
this case is likely related to the positive IMF;, conditions
prevailing.

Finally, in two cases, visits I5 and 16, narrow auroral arcs
are observed in the post-dusk sector, located principally on
closed field lines, which pass from higher latitude80°
near dusk to lower latitudes similar to that of narrow dawn
arcs at later LTs. Although only two examples are present,
one occurs for positive IMB, (I5) and the other for negative
(16), thus not suggesting a strong dependence on at least this
component of the IMF. The further evolution of these emis-
sions with increasing LT cannot be pursued with this data
set, however, due to the lack of observations at oval latitudes
across the midnight sector.

5 Summary and conclusions

In this paper we have examined northern dayside UV auroral
features observed during eight HST imaging intervals dur-
ing the 2011 and 2012 Saturn campaigns, when the Cassini
spacecraft was located in the solar wind just upstream from
the bow shock. Lagged 3 h averages of the IMF have been
used within the paraboloid model of Saturn’s magnetic field
to map the observed auroral structures into the magneto-
sphere in order to examine their region of origin, thus pro-
viding information about their generation mechanism. In a
parallel study of these images, Meredith et al. (2014) dis-
cussed the IMF dependence of the auroral morphology, find-
ing no strong response of the dawn arc emissions, but sug-
gesting that the structured higher-latitude emissions observed
for northward IMF in the noon—dusk sector are associated
with reconnection-related dynamics and open-flux produc-
tion at the dayside magnetopause. They also suggested that
the very high latitude emissions observed in one case with
southward IMF is associated with lobe reconnection on open
field lines. The magnetic mapping results presented here are
found to be in good agreement with these suggestions, show-
ing specifically the following features.

www.ann-geophys.net/32/689/2014/

closed field lines in the dawn to noon sector. The equa-
torward boundary maps in the equatorial plane consis-
tently near the inner edge of the ring currentaf Rg
radial distance in the dawn sector, moving outwards to
~10Rs in the pre-noon sector, towards the centre of
the ring current. For narrow dawn arcs, observed in half
our cases and for both positive and negative IRjFand

B, the poleward boundary then lies near the centre of
the ring current, often terminating in structured emis-
sions as it meets the equatorward boundary in the pre-
noon sector. Meredith et al. (2013) have previously sug-
gested that such structures within the dawn arc could be
caused by ULF waves driven by drift-bounce resonance
with hot ring-current water group ions, consistent with
the mapped location determined here. The broader dawn
arcs observed in the other half of our cases, also for
both positive and negative IMB, and B;, have outer
boundaries extending variably from the outer ring cur-
rent at~ 15 Rg to the outer magnetosphere beyond, up
to the magnetopause, terminating variously in both pre-
noon and post-noon sectors. One apparently discrepant
case in which these emissions continuously straddle the
model open—closed boundary is suggested on the ba-
sis of previous results to be due to time-dependency re-
sulting from rapid compression of the magnetosphere
not reproduced in the model. Overall, these results sug-
gest that dawn arc properties are not connected directly
with the concurrent value of the IMF, but rather with
nightside processes that result in hot plasma injection
from the tail onto closed flux tubes in the dawn sec-
tor. The emissions may then result from field-aligned
currents associated both with plasma pressure gradients
and corotation breakdown, as well as direct precipita-
tion of hot plasma into the ionosphere.

b. Patchy auroras that straddle the model open—closed field

boundary in the noon-to-dusk sector are observed exclu-
sively for four cases of positive IMB, and not for four
cases of negative IMB_, but for both signs of IMFB,,.
These emissions variously take the form of a near-noon
spot with or without further emissions along the bound-
ary at larger LTs pre-dusk, or, in the case of the largest
positive IMF B, in this data set, a continuous band of
high-latitude emission between noon and the post-dusk
sector. Since these emissions straddle the open—closed
boundary, they map along model field lines to the outer
magnetosphere close to the magnetopause, and onto ad-
jacent open field lines. These results are consistent with
the suggestion that these emissions are associated with
reconnection phenomena and open-flux production at
the dayside magnetopause, related to the similarly in-
terpreted emissions observed in Cassini UVIS data at
higher spatial resolution by Radioti et al. (2011, 2013)
and Badman et al. (2013). The auroras are likely pro-
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