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Figure 4. Select IMAGE/WIC images and SuperDARN ionospheric flows and electrostatic equipotential patterns for the Northern Hemisphere. Noon/dawn is
toward the top/right. Panels in the right side columns include overlay positions of the TPAs. The IMF vector at the time of each row is given in the dial in the
upper right of the SuperDARN panels.

(Figures 2f and 2g). In Figure 2g the first transpolar arc “a” is observed as a band of emission adjacent to the
dawn sector oval, from approximately 08 UT. The second arc “b” forms some time before 09 UT adjacent to the
dusk sector oval, before moving from dusk to dawn during period II after the transition in BY . It is also seen in
Figure 2f as an enhancement in emission crossing the noon-midnight meridian slightly after 10:00 UT.

Figure 3 presents a sequence of images showing the evolution of the arcs “a” and “b.” This figure includes
images from both IMAGE/WIC and DMSP/SSUSI. The IMAGE/WIC data show dayglow in the saturated day-
side areas of each relevant panel. In IMAGE/WIC data from the Southern Hemisphere, TPA “a” appears first
at approximately 08:06 UT, toward the dawnside (panel iii). TPA “b” appears slightly later, in the duskside
flank at approximately 08:59 UT (panel x). Arc “a” is almost stationary and becomes almost indeterminable
from the area of dawnside auroral oval emission, whereas arc “b” moves across the polar cap from the dusk
to the dawnside, eventually colliding with the original arc “a” (panel xvii). SSUSI images, taken using the
Lyman-Birge-Hopfield short (LBHs) filter (140 to 150 nm), are shown in panels vi–vii, xiii–xiv, xx–xxi, and
xxvii–xxviii. We plot SSUSI images for each hemisphere for each polar pass between 07:00 UT and 13:00 UT.
The UT for each SSUSI panel indicates the midtime of the polar region pass. Comparing all passes of the
Southern Hemisphere (vii, xiv, xxi, and xxviii), SSUSI sees the same auroral features (TPAs “a” and “b”) observed
by IMAGE (although limited by the extent of the swaths). All passes of the Northern Hemisphere during the
period when the TPAs are observed by IMAGE (xiii, xx, xxvii) show the same auroral features, but reflected in
position about the noon-midnight meridian. The commencement of the substorm as shown by the growth of
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Winter campaigns 
Preparing dedicated multiple experiment 

coordinated observing in Northern months 
of darkness; first & future winters


Carter+ 2023/2024:

Multiple temporal & 

spatial scales holistic 
approach


doi: 10.26464/
epp2023055

Linking to Swarm & ViRes 
Data product mock-ups for ESA & DTU 
Spaces’s ViRes tool. Ingestion into all-
sky imager facility+s/c: Swarm-Aurora


Missions/project coordination  
Establishing connections, future 

coordinated campaigns, programmes, & 
good practice


GDC (NASA), EZIE (NASA), LEXI, 
TRACERS, NanoMagSat, E3D, …


International Polar Year 32 if possible

Data Fusion Facility 
(1) Visualisation (2) Conjunction planning

Field-line trace Mp & s/c to ionosphere

SuperDARN + SuperMAG + EISCAT + etc.


http://dx.doi.org/10.26464/epp2023055
http://dx.doi.org/10.26464/epp2023055
http://dx.doi.org/10.26464/epp2023055
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Missions/project coordination  
Establishing connections, future 

coordinated campaigns, & good practice

GDC (NASA), EZIE (NASA), LEXI, 

TRACERS, NanoMagSat, E3D, etc.

ESA/ESTEC Heliosphere-interested 
team: e.g. Efforts to include ground-

based data in archives

Upcoming ISSI paper 
Ground GDC group 
led by Bea Gallardo-

Lacourt, Catholic 
University of America 



Ground based support needs
Need to know launch with some notice; see also Public Engagement programme 

Critical dates in STP community, table to be adjusted, consortia often on best efforts/
individual institution dependent
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Name/Initiative Type of 
experiment Call date Lead time 

required
Data delivery as 
non proprietary

SuperDARN Coherent radar Running ~2 months Raw data 
immediate

SuperMAG Magnetometers Running Not required
~5 months 

partial, longer for 
completeness

EISCAT, E3D* ISR
(UK): Early 

October, close 
Deceber

~1-3 months
QL same day, 
can be 1 year 

proprietary
ISRs World Day 

Campaign
ISRs ~July ~0.5 years [Unknown]

SMILE ASI ASI N/A N/A Immediate

Svalbard ASIs/
experiements ASI N/A [Experiment & PI 

dependent] [PI dependent]
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Paper DOI: 10.1093/rasti/rzae038


Leads: M.-T. Walach & Y. Soobiah 

Explore themes such as cusps influence, 
auroral drivers, and interhemispheric 
differences through e.g.:  

auroral patches, poleward moving auroral 
forms, throat aurora, streamers, convection 
patterns, ULF waves, etc. etc. 

Planning of ‘best’ scenarios, e.g New Moon 

Conjunctions in paper for ‘first winter’ but this 
now not likely 


Mechanisms in place to apply for next and 
subsequent winters
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Table 1. Model inputs for Figure1.

Code input variables [units] Input value

model ’T96’
BH<[=) ] 100.0
1H [=) ] 0.0
1I [=) ] 0.5
EG [:</B] 300.0
EH [:</B] 0.0
EI [:</B] 0.0
=? [2<�3 ] 0.5

?3H=[=%0] (=?⇤(100.03 )⇤( (EG⇤1.0403 )2 )⇤<? )
1.04�9

0;C8CD34[:<] 100.0
hline

ity (DFF)(https://www.smile-fusion.le.ac.uk/) (Carter et al. 2024),
which is purpose-built to facilitate ground-based and additional sci-
ence with SMILE. An important part of these studies will come
from night observations of auroral activity from ground based ASIs.
Unfortunately, data from ASIs will become compromised in the pres-
ence of light-pollution from a sun-lit moon. Providing a measure for
the amount of moonlight at the footpoint of the SMILE ephemeris
is a non-trivial task (see Patat 2004) and is beyond the scope of this
paper. Therefore, we use Fig. 1a to d to help assess periods most
affected by light pollution from the moon on ASIs. Fig. 1a shows
the % of illumination of the moon, assuming a circular disk (as de-
fined by https://ssd.jpl.nasa.gov/horizons/manual.html). Periods of
high light pollution are found when the elevation of the moon above
the horizon at Longyearbyen is greater than 10° and approaching the
full moon phase (which we have arbitrarily assigned with the solar
illumination of the moon being greater than 50%, as shown in panel
Fig. 1a by regions shaded in pink or co-shaded in pink / sky-blue).
Overall, the shaded regions where the moon’s illumination is high is
particularly unfavourable for auroral observations, so this allows us
to quickly distinguish which periods are of interest. The following
panels show: b) the hours of darkness at 60° North; c) the elevation
of the moon at Longyearbyen, which is a great location for ground-
based optical observations of the cusp aurora during Arctic winter; d)
the elevation of the moon at midnight for northern latitudes of 57.5°,
62.5°, 67.5°, 72.5°, 77.5°, 82.5° and 87.5°; e) the maximum possi-
ble coverage of the SMILE footprint by SuperDARN radar; f) the
total possible SuperDARN coverage of the SMILE footprint; g) the
field line trace values of the SMILE footprint in northern magnetic
local time (MLT); h) and the northern magnetic latitude (MLAT)
of the field-line tracing. The SMILE ephemeris were evaluated for
an expanded magnetosphere using the Tsyganenko 96 model (Tsy-
ganenko & Stern 1996) in PyGeopack (James 2023). From this the
footprint locations in MLT and MLAT were extracted. Despite em-
ploying the expanded magnetosphere conditions detailed in Table 1,
modeling challenges remain. This is evidenced by data gaps in the
MLT and MLAT (panels g and h), attributed to difficulties in field
line tracing from high-altitude positions in the cusp/polar region.
In these cases, deviations in field line tracing can exceed limits set
within the Geopack field line tracing algorithms to ensure a reliable
tracing.Finally, panel Fig. 1i shows the SMILE altitude. We have
used the current ephemeris available and these are for illustrative
purposes only. Whilst the ephemeris are still likely to change, the
expected changes to the planned orbits are small. Furthermore, by
producing this work now, we have infrastructure ready to go to be
able to adapt once the final ephemeris becomes available post launch.

Figure 2 shows a zoomed-in version of Fig. 1 from mid-December

Figure 1. Multi-panel plot showing (from top to bottom): a) % of illumination
of the Moon, assuming a circular disk, illuminated by the Sun (times where
the solar illumination of the moon is greater than 50% are shaded in pink,
shaded blue shows when the elevation of the moon at Longyearbyen is greater
than 10°); b) Number of hours of darkness at 60° North; c) the elevation of
the moon at Longyearbyen; d) the elevation of the moon at midnight for
northern latitudes of 57.5°, 62.5°, 67.5°, 72.5°, 77.5°, 82.5° and 87.5°; e)
coverage of SMILE footprint by SuperDARN radars; f) total SuperDARN
Coverage; g) northern magnetic latitude of the SMILE footprint; h) northern
magnetic longitude of the SMILE footprint; i) MLT of the SMILE Footprint
and SMILE Altitude.

2025 to mid-January 2026. From the first panel we see that around
half the time period shown will be illuminated by the moon, so it is
unfavourable for auroral observations from the ground (pink region
and blue). As shown by panel c), this coincides when Longyearbyen
is more illuminated by the moon. From panels e) and f), which show
the SuperDARN coverage of the SMILE footprint, we see that there
are a number of intervals which could be favourable for conjunc-
tion observations with SMILE. Based on the moonlight illumination
and SuperDARN coverage, the 16C⌘ and 18C⌘ December, as well as
10C⌘-15C⌘ January present excellent dates for observing. The 21BC -
24C⌘ December 2025 period where both SuperDARN and ground
auroral observations in theory should be possible, are unfortunately
unfavourable as this falls on the Christmas holiday period where
many facilities are either inaccessible or not crewed/operational (e.g.,
EISCAT facilities, Kjell Henriksen Observatory, etc.).

Figure 3 shows the SMILE orbit ±52 hours of different conjunc-
tion times and potential solar wind conditions. The SMILE orbit
plots use Geocentric solar ecliptic (GSE) coordinates in a cylindrical
representation, where the vertical axis shows the radial extent of the
Y
⌧(⇢

and Z
⌧(⇢

coordinates ([Y
⌧(⇢

2 + Z
⌧(⇢

2]1/2). It should be
noted that the apoapsis of the SMILE orbit coincides with crossing
of the northern hemisphere pole and conversely the periapsis coin-
cides with crossing of the southern hemisphere pole. The Chao et al.

RASTI 000, 1–10 (2024)

https://ui.adsabs.harvard.edu/link_gateway/2024RASTI...3..556W/doi:10.1093/rasti/rzae038
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https://www.smile-fusion.le.ac.uk/

SXI
Magnetopause 
movements

FUSION TOOL –
IONOSPHERE
MAPS

FUSION TOOL
– SXI

CONUNCTION
PLANNING TOOL

ORBIT PLOT
TOOL

LIA, MAG
In-situ

UVI 
Auroral response 
in Northern 
hemisphere

SMILE DFF – Site tools

Yasir Soobiah and Jenny Carter, University of Leicester
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – Magnetic field line tracing

SMILE 
Ephemeris

SXI – derived 
boundaries

Last closed 
field line 
(LCFL) Ephemeris
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – Conjugate studies

UVI 
Auroral response 
in Northern 
hemisphere
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In-situ
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – Conjugate studies

Comparison to
southern
hemisphere data

UVI 
Auroral response 
in Northern 
hemisphere

SXI
Magnetopause 
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LIA, MAG
In-situ



Data Fusion Facility: SXI+ground visualisation & conjunction planning

10

https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

Fusion plot – SuperMAG equal area grid

SMILE DFF – Incorporation of ground based data
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – Incorporation of ground based data

Conjunction – Search coil MAG’s info
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – SXI tool

Magnetopause boundary
in ecliptic, polar planes
and different X-GSE

Earth frame and
GSE axes

Colour options –
Grey, viridis and
plasma

Change SXI data
products
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https://www.smile-fusion.le.ac.uk/

Yasir Soobiah and Jenny Carter, University of Leicester

SMILE DFF – Orbit tool and advanced options

Changing OMNI
data to replot
magnetopause and
bow shock positions

Bow shock (red) and
magnetopause (blue)
(calculated with Omni-
data), SXI / UVI LOS
and SXI integration
times



Data Fusion Facility: Linking L3 to L4, structure. Use of the DFF will be part of 
intended SXI workshop that we hope to hold annually at Leicester, including talks 
on the mission and instrument status, plus practical data analysis sessions. This is 
styled on ESA’s XMM-Newton SAS workshop that used to be held every year for 
new XMM-Newton data users.
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DFF to 
include 
other 

facilities, 
e.g. SMILE 

ASI, UVI 
TBD Part of 

SXI 
workshop 

plans
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Need to wait for launch to really put us to the test 

Some of the things we would have done differently…. 

Ground written into original proposal 

Mock up tools earlier, e.g. Swarm


Recruit/fund earlier for e.g. software support


Time (just) to make changes before launch 
[Note, effort so far mostly on best efforts basis, so we can be kind to ourselves]


 [Note, we need to be adaptable after launch]


We are very open to ideas and suggestions….please email/join
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Other points 

How to establish routes of S/C+ground funding without falling between the 
cracks, e.g. UK, between STFC and NERC? 

How to improve two-way communication, grow user base, between ground to 
space, space to ground? e.g. SuperDARN community 

How to efficiently share tools and train on those tools, avoiding doubling up of 
effort - practical workshops to break down barriers to hands-on data usage and 

understanding of e.g. calibration, releases etc/? 


