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Auroral arcs are usually generated by precipitating electrons and occur in regions of upward field-‐aligned
currents (FACs),however the relation is not one-‐to-‐one, since kinetic energy of the current-‐carrying electrons
isalso important in the production of auroral luminosity. Multiple auroralarc systemsprovide anopportunity
to study the relation between FACs, electric field and auroral brightness in detail. We have identified two
typesof FACconfigurations in multip le parallel arc systemsusing ground-‐based opticaldata from the THEMIS
all-‐sky imagers (ASIs),andmagnetic andelectric field instruments onboard the Swarm satellites.
Unipolar FACevent: Eacharc isan intensificationwithin a broad, unipolar current sheet anddownward
currentsonly exist outside the upward current sheet.
Multipolar FACevent: Multiple arc systemsrepresent a collectionof multiple	  up/down	  current	  pairs. 	  
In this study,we examine the relation betweenarc multiplicity and the FACandelectric field structure of the
multiple arc systemswithunipolar and multipolar FACs. The electrodynamic structuresof multiple arc system
presented in this paper canbe used to study where the auroralmultiplicity comesfrom.

1.	  Introduction

THEMIS ASI:
THEMIS ASI consistsof 21 camerascovering	  mid-‐ to	  high-‐latitude	  NorthernAmerica; it captured256×256	  
pixel“white light” imagesevery	  3	  seconds.	  
Swarm	  Constellation:
Consists of 3 identical satellites launchedon22nd November 2013 by the EuropeanSpace Agency (ESA). One
pair of satellites (Swarm AandC) fly side by side at 460km. The third satellite (Swarm B) at 510km. Each
satellite is equipped with a magnetometer capable of measurementswithup to50Hztime resolution with
precision greater than0.1nT. Electric Field Instruments (EFI) comprise two thermal ion imagers (TII) and two
Langmuir probes(LPs). Cross-‐track	   Ion	  bulk velocity	   is estimated	   from	  the	   first moment	  of	   the	   ion	  
distribution	   imaged	  by	  the	  TIIs [Burchill et	  al. ,	  2010].
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6. References
We identifie d two types of mult iple arc events according to FAC
configuration, demonstrating their electric field s pattern and Pedersen
conductance.
Unipolar FAC event: multiple arcs appear on one broad upward current
sheet and downward currents only exist outside the upward current
sheet. Significant electric field enhancementsare shown on the edgesof
the broad upward current sheet. Electric field fluctuations ins ide the
multiple arc system canbe large or small.
Multipo lar FAC event: multiple arc systems represent a collection of
multiple up /down current pairs. A prominent correlation between
magnetic and electric field indicate uniform conductance within each
upward current sheet.
Understanding the electrodynamics inmultip le arc system is important in
identifying the arc generator. Furtherwork is needed to study the or igins
of distinct behaviors of field-‐aligned currents and e lectric fields in
multiple arc systems., i.e.,whether the difference is due to in strumental
or physical effects. Do they have different generator structures in the
magnetosphere? Do the auroral multip licities come from the M-‐I
coupling process or themultiple structures of magnetospheric generator?

5. Conclusion
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3. Swarm	  and	  DMSP conjunction with multiple arc system

Figure 1. Multiple arc system observed by THEMIS INUV on Jan. 7, 2016 with Swarm A (red) and DMSP
(blue) crossings.

Figure 2. (a) Electron energy flux observed by the
DMSP F17 satellite. (b) Pedersen (blue) and Ha ll
(orange) conductances calculated with average
energy andenergy flux of the electrons [Robinson et
al., 1987]. (c) Auroral brightness along the DMSP
trajectory.

Figure 3. Relation of Pedersen (a) and Hall (b)
conductance with DMSPalong-‐track brightness.
Reddots represent the brighter arc indicatedby
the sol id vertical line s in Fig. 2. Blu e dots
represent the arc with dashed vertical lines .
Curve fits are applied by assuming a simple
relation between conductance and the optical
intensity	  𝐶 = 𝐼	   [Kosch et al., 1998].

Figure 4. (a) Auroral br ightness along Swarm A’s
trajectory. (b) Residual eastward magnetic field with
IGRF model subtracted. (c) Ion drift velocity
(approximately eastward) measuredby Swarm EFI. 16
Hzdata (black) issmoothed to1 Hz(red). (d) Pedersen
conductance estimated with Swarm magnetic and
electric field data with the following equation.

Figure 5. Relation of Pederse n conductance
with auroral brightness along the trajectory of
Swarm A (black circles and line) and DMSP
satellite (redandblue dots represent twoarcs).

Event 1: 20150315

Event 2: 20140930

Event 3: 20140405

Figure 6(a) Swarm Btrajectory
andmultiple arcsappearing in
camera imagesand satellite
aligned keogram.

Figure 6(b) Swarm observations of
brightness along satellite trajectory,
residual magnetic field, FAC, cross-‐
track iondrift velocity andPedersen
conductance.

Figure 6(c) Relation between FAC
and brightness , magnetic field and
ion dr ift velocity, and Pedersen
conductance andbrightness.

§ Unipolar FAC; fluctuating electric field; prominent correlation between Pedersen conductance andauroral
brightness.

§ Unipolar FAC; electric fieldenhancementson the edges of upward current sheet; uniform conductance over
multiple arcs.

Figure 7. Multiple arc system onSeptember 30,2014. All the panels are the same as in Figure 6.

Figure 8. Multiple arc system onApril 5, 2014. All the panels are the same as in Figure 6.
§ Multipolar FAC; prominent correlation betweenmagnetic andelectric field; uniform conductancewithin each

current sheet; conductance variesfrom different current sheets.
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4. Multiple arc system with unipolar and multipolar FACs
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