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Introduction

This document encloses supplementary figures for the manuscript “Miniature
Dungey-like cycle at Mars: a new twist on an old auroral paradigm”

More detailed MAVEN observations. Figure S1 shows more detailed infor-
mation for the case study in the main text. Particularly, the calculation of B" relies on
the estimation of the unperturbed intrinsic crustal magnetic fields B.. As this study
focuses on some of the strongest crustal fields at Mars that are well captured by crustal
field models, we use the adjusted modeled crustal field [? | as the baseline to be sub-
tracted from the observed magnetic fields Bops to obtain B*. To capture small-scale
magnetic perturbations caused by FACs, adjustments to the modeled crustal field
are needed to remove the possible (spatially) large-scale induced magnetic fields from
the interaction between Mars and the solar wind. We first obtain linear fits between
the observed and modeled magnetic fields for each vector component within 5 min-
utes bracketing the time of interest. We then recalculate and adjust the “modeled”
fields (B, dashed lines in Figure S1b) using these linear fits to capture the smooth
variation of the observed magnetic fields, which include both the crustal fields and
the large-scale induced magnetic fields. We illustrate the comparison of the observed
and adjusted modeled field component in the east-west direction in Panel ¢ to better
highlight the main magnetic perturbation. The difference between the observed and
adjusted “modeled” fields B" = Bops — BL (Figure S1d) reflects the perturbations
from currents. Indeed, the calculated B* is mostly zero except in the vicinity of accel-
erated electrons. Note that the magnetic field data in this figure and the main text
are in 1-s resolution.

Calculation of the current density from magnetic perturbation j%,. By
assuming a field-aligned current sheet along the east-west direction and the spacecraft

moving mainly from north to south, we can derive the a current density mainly in the
radial direction j, = ﬁ Adff]?’ , where ABYy,, = By [t|— By [t—1] is the difference in

Bpy between two time steps and dLyg=Lns[t] — Lys[t — 1] is the spacecraft motion
in the north-south direction between two time steps. Then the field-aligned component
of the current, FAC, is calculated as j}’ ;= Jr- |b-|, where |b,| is the absolute value of
the radial component of the unit vector of the measured magnetic field. The absolute
value of b, is used so that the sign of FAC refers to upward (]l/’ ;> 0) or downward

(j;’ ;< 0) FAC with respect to the local plane, rather than the local magnetic field.

The calculated 5%, is shown as the blue line in Figure Sle.
Calculation of the current density from electrons jj/. The electron
current density is calculated from MAVEN SWEA measurements as: j7 ;=

—e [[ fIE, 0] sinf cos 02w dE df, where f[E, 0] is the electron differential number flux
in the unit of em™2s71sr~'eV ! and e is the elementary charge.  is the adjusted
pitch angle, the angle between electron velocity and —|b,|, so that 6 < 90° refers to
downgoing electrons and 6 > 90° upgoing electrons. This is to have the sign of j7 / also
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Fig. 1 Figure S1. More detailed MAVEN observations on 27 February 2019. Time series
of (a) measured (solid) and modeled (dashed) magnetic field vectors in the local horizontal plane,
(b) measured (solid) and adjusted modeled (dashed) magnetic field in the east-west direction, (c)
magnetic residual BY in the local horizontal plane, (d) spacecraft movement dL in the local horizontal
plane, (e) field-aligned current density j,, estimated from magnetic pertubation By, (blue) and
superthermal electron fluxes (orange), (f) normalized electron pitch angle distributions at 111-141 eV
by the averaged energy flux of each measurement, (g) superthermal electron energy-flux spectra, (h)
the flow velocity of Oz (V(O21)), the angular distribution of ions in the instrument (i) ¢ (anodes)
and (j) 6 (deflection) directions.
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refer to upward or downward FAC to be consistent with j? . The integration of energy
excludes electrons below 20 eV, as these electrons may include secondary electrons
produced by precipitating electrons impacting the atmosphere and interior surfaces of
the electron instrument. The calculated j7 / is shown as the orange line in Figure Sle.

Calculation of flow velocity of O,1. The flow velocity is derived from the
MAVEN STATIC measurements, after correcting for the spacecraft velocity and space-
craft potential. The flow velocity of O is also calculated and is very similar to that of
027, thus not shown for simplicity. The ion distributions are mostly broad in angular
distributions, as shown in Figures S1i and j, and clear deflections from the ram direc-
tion are observed in the instrument ¢ direction (Panel i), so that the flow calculation
for this case study is robust.

Zoomed-in views of MAVEN observations on 27 February 2019.
Figures S2 and S3 show the zoomed-in views of the MAVEN observations for the two
time periods of electron acceleration, respectively. In both figures, we now use the 32-
Hz magnetic field data from MAVEN-MAG to highlight some rapid variations in the
magnetic perturbation (Panel ¢) and thus the calculated j? ; (Panel e).



185
186
187
188
189
190
Model 191
192

MAVEN 103
194
195
196
197
05— 3 dlew 198
dlys 199

dL, 200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218

H w

H}gi 219
3

0

9

6

dL [km]
o
o
o

j

)

SWEA PAD
111-140 eV
[ded]

Energy (eV) (

i

. — 1005 220

221
222
223
224
225

226
Fig. 2 Figure S2. A zoomed-in view of MAVEN observations at 22:18 UT. A zoomed-in 297

view of MAVEN observations at around 22:18 UT with the same format as Figure 1. 998
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273 Fig. 3 Figure S3. A zoomed-in view of MAVEN observations at 22:21 UT. A zoomed-in

974 view of MAVEN observations at 22:21 UT with the same format as Figure 1.
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