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Key Points:

Discrete aurora over two regions of
crustal fields at Mars occur under
specific draped magnetic field
conditions

Of the 49 discrete aurora analyzed,
4?2 (86%) occur under conditions
that favor anti-parallel magnetic
reconnection

Reconnection plays a role in discrete
aurora onset, explaining trends in
auroral detections including local time YL
and upstream conditions s ®MSO .




Abstract Discrete aurora at Mars are characterized as localized, short-lasting ultraviolet emissions on the
nightside. They are caused by the precipitation of accelerated electron along open magnetic field lines and
their collision with the Martian atmosphere. Discrete auroral emissions detected by the Imaging Ultraviolet
Spectrograph (IUVS) instrument onboard the Mars Atmosphere and Volatile EvolutioN (MAVEN) spacecraft
occur most frequently over the strongest crustal magnetic anomalies at Mars and under particular local time and
upstream interplanetary magnetic field (IMF) conditions. These trends suggest that the onset of discrete aurora
is controlled by the processes that govern the interaction between the draped IMF and the crustal magnetic
anomalies. Here, we analyze MAVEN magnetometer measurements over regions of strong crustal fields during
49 discrete auroral events observed by IUVS. Our results indicate that the draped IMF orientations during each
discrete auroral event show a clear tendency to be anti-parallel to the underlying crustal anomaly magnetic
fields near the location of the emission onset. This suggests that magnetic reconnection, a process that favors
anti-parallel magnetic field regimes, between the crustal fields and the draped IMF plays a role in discrete
aurora formation. Of the 49 discrete auroral events analyzed, 42 (86%) occurred under draped IMF conditions
that are susceptible to reconnection with the underlying crustal anomalies. This investigation produces strong
evidence linking discrete aurora to magnetic reconnection at Mars and provides insights into other trends in
discrete auroral activation such as local time and upstream IMF conditions.
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Discrete Aurora Locations-Upstream IMF Orientation b) Auroral Events: IMF Orientation

a’) R - 0.6 T[T T[T T T[T T T I T[T T 1]

SRR VY E 8 Northern N

@t AT 100 E np -

R . dak - 0.5 Mini-Magnetosphere

- - v - 8_ E B -

o K 50 & 2 oaf Southern K

TSI e g - Mini-Magnetosphere

@ 101 3 R XA a > = =] = .
© g L E

= t 3 s n (R 4 — E 3 ]

E= g & 5 03 3

8 N T z = E 4

g o) e = . .E .

o ey ge gl | TP §0-2§ ]

L EVE )y 3 e E ]

Vg v 015 ]

P s e B 00 E X

CANCANE S L BATE o el A E -

, R 0.0% i

155 169 183 197 211 L - 2 o i

East Longitude IMF Clock Angle (deg)

« TA L -BY o (8<0° ), ?E % +BY (6 >0° )
¥ 6 130 = arctan(BYyso/BZyso) CREE SN B IMF clock angle, Y,ZI3ZNZEFNMSOREIZRIZE T 5 ERIMF
DY, 25
AR I ZHERBICE TR ARV F30D S b 22(73%)HN-BY o T
RO I ZERBEICEITE AR FAD S B 14(100%) DY -BY 100 =T
(D)o bH. BY e (F180° <0<0° )TELDF—AIHARIEINTWNWDE I EAhH B,
—KNEOHSBE LY FIZOWTESHITRIEY T2 (RRT7A4F)



Z MSO (Rm)
1<)

Nominal draped IMF conditions

IMF -BY Duskside

0.5

X MSO (Rm)

IMF -BY Dawnside

0.8 Rm >alt > 0.1Rm

1.0 2
&
0.5 1
4

0.8Rm > alt > 0.1Rm IMF +BY Duskside
1.0 2| /, ,,f‘
,l ”—”
/ pe- )
/ )

05 : 7 ,/

E W

g Ry

Sl

© ! {
o< ol {
= i\
\‘ \\
W&
0.5 \ ~
1 \\ NS
\\ = \-\\x
\ \‘\\
10 5 \ ——
2 1 0 1
X MSO (Rw)

IMF +BY Dawnside

X MSO (Rm)

\ \
)
® |
0 o I .'
= !
!
/]
vd
-0.5 /
A1 ,,/ /
P /
-~ /
= . /
-~ 2
1.0 2 e AL
2 2 -1 0 1
X MSO (Rm)

'-0.5
-1.0

d)

lal/Ng

1.0

0.5

lal/Ng

- MAVEN/MAGH'2014%11 8 ~20204E12 8 o & (&8
L7ZZIMFZ, OmE (iYMso) c‘:%ﬁ/ﬂ'Jf@,ﬁ(Dawn/Dusk)
IC& > THFELXZEANTO.2R, X 0.2 Ry, E> T &I
Oy b (F—OZ70FEEMbHAEWL) |

» 0.1-0.8 Ry, D = E £ B D B tH 13 TEUAI L 7235 D [A)
L TXZAEICEFE L TW5,

- B ABAOEISGICSER L7-WD T, ByEHHDONAR
& LTBy/IBl 2R R TFEIL T B,

(Figure 9.12h0%)

ODuskfl] (EE)
. —KAE¥kcERE (F)
*+ By ~HEAAM, ENICERE

ODawnfl] (FE%)
- ByLWINICELWTHRAITIRALAmE (R



SEEO X X0

OT AR V= rA—OFICEETIRO=2DHIBE AL >V K
NhHhhH - 7=,
1.4t (F3) T=EEKEIEEm (db) mEMIBSETT AR 7Y —
I\ F—AIHERAIND Z EHZE L,
ﬁ\Dusk(Dawn)fﬁ' AR T4 Ry —bA—0OFFdk
Ne R A SN

&ﬁt\—mﬁﬁwufnuﬁuf%\LﬁWWﬁdwmﬁﬁ@
IFICT A A7) = b A —OF7HERBEIND T EAZUN,

—1&2, 3ICDITTER




ZR 1 it I KB OIS & drape L7285 & o K FE{7H MR

Southward draped field s Northward draped field

[HFRELS & drape L7RRE ORISR Y ARy v a A, RO I ZHABEICBETBT 427U — b+ —050
ERICEZLREZRT-T, | ELWHRREZIZET HHER,
AR ORE. BHECSIFILEF—DORBRRE TSI AT EE DR CEWERAEAEL B,
HWEREROBEFEF—ATEFOIR LT - TNRSELRT o v IILBEDL EAH T (Poppe et al., 2021),
BWEVIARI VIV ETARIU— FF—ATEBI I BN ORE
— Ry AACOBISE, WRHIBOMNEICHT 2BEORETICHET2T 420U — b4 — A5 OREBTOBED,
FYRWETFILADEHR,



ER23 TARIZY—=brA—0OFTRESHHELT, ERIMFOEER

Duskside X MSo Duskside

wo  -IMF BY +IMF BY

P e

MSO

OfE#£2,3: Dusk(Dawn)f@lTix, 4t(@) I —HWxBE LTH—Rn7
75‘\%5,5,5” L\@_ﬂ@:—@z .T:E)J:/)IL”\/”: YM507'7_|JEU
Dawnside & . . 703 Z < | \_/ﬁ%ﬂ: L fuﬁﬁiﬁb\th EE;}%

Dawnside

" (Esw = Vo, XByp) DELEICL > TTIAvEEBHITHL
'YMsojj-r_.Ia)_tl)ll.lMFx#I:O)jj_b\ +YMSOCt U :E) U :*7:/ |
VICBELEBZORREZEY B9,



=S

- BRMIERREIS A (R ) £ OMAVEN/IUVS O REEAI T5 S 7-
ANODT AR —bF—OT7ARY bE#EFL. YARIZS3
RER (tRxBEi%E & drapedZIMF & O#SR Y 2% 72 a v
FARZY— P F—0O5DRIJsEH3) ZKEEL /-,

- WS LIMFOAE WS RFITEREICRDEWVWIRMETT
F—ASFREDLP»ERICEoN, VaxooaVRiieXF 5
S A ANl fa

c REEIATH 1T 14 R7 V= b F—OTHREBZFROLTE LR
:%ﬂ;%ﬁ'\wmﬁﬁ%\ DaAFXIaVRERTEHAT S Z & (C

I e




