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Identification of optical auroras caused by mantle
precipitation with the aid of particle observations from
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Abstract Particle observations of the Defense Meteorological Satellite Progrd8RD show that discrete auroral struct
commonly exist in the region of the plasma mantle, but the optical features of the aurora generated by particles femz
mantle(calledé ma nt | ein thisipagerhavé not been established. A comparisd 7-year optical auroral observatic
made at the Yellow River Station wittonjugateparticle observations obtained from the DM&hfirm that mantle auror:
havecommon features anthn be clearly identified from afky imager observation§he mantt auroras normally present
sporadic and weak auroral structures split poleward of the dayside auroral oval. They are observed in both the gréieas
with the intensity of the red line being greater than that of the greerditie@s paper, willustrate typical mantle auroras ¢
providestatistics on 55 mantle aurora cases that are confirmed by particle obsematiom DMSP. Statistical resulthowthat
the occurrence of thenantle auroradhas no cleadependencen thelMF By and Bz condtions, but the motion of the man
aurora strongly depends on the INBy, which indicates thathe generation of the mantle aurora is intimatedyatedto the
dayside magnetopauseconnection. Withhte fundamental criteria for distinguishing the maatleorapresented in this pap
we will be able to independently identify the margleorasfrom groundoptical observationsThis will allow us toinvestigate
the physical processes that occur in the plasma mantienitoringthe evolution of the aurat forms.
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1 Introduction adjacent to the magnetopaused
and Akasofu (1983) later confired that the mantle aurora

The terminology Omantl e f'?eg%){s g{grd (119&% QrOdlﬂlCt %ﬁthekﬂ?c'p (Iiorl? df ol

(1964) in the 1960s to desgene@ IC & echnsaHr Z'm% M au

equatorward of the auroral oval early whereas the heet in the mldn|ght sector o the day5|de magne osp ere

terminob gy O6pl asma mantl ed wa sgugngd L@?tgml?‘fs%hgl 6 'S Ilgad thgl trrg;\rgl trguf,ro

et al. (1975) in the 1970s34ng ndford [1964)5 has o, relatipng a)

commonly accepted conception of the plasma mantle and
in fact, is the diffuse aurora (Han et al., 2015; Sandholt et
X ] . . al., 1998a).
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particle data fromthe Defense Meteorological Satellite chargecoupled device camera with resolution of 512>612
Program (DMSP), Newell et al. (1991a) illustrated how to pixels. Routine observations have been made with a
distinguishdifferent plasma regimes near the cusp region,temporal resolution of 10 s, which comprises exposure and
which include the plasmanantle low-latitude boundary readout times of 7 and 3 s, respectively (Hu et al., 2009)
layer (LLBL), cusp, boundary plasma sheet (BP&)d The DMSP satellites are in nearly circular
central plasma sheet (CPSlewell et al. (1991b) also noted Sunsynchronous orbits at an altitude of about 835 km.
that discrete aurora features of particle precipitation, onParticle data from SSJ/4 instruments, which measure
both large and small scales, commonly exist in the mantle electrons and ions from 32 eV to 30 keV, were mainly used
region andpointed outthat a substantial portion of the in this study. We extensively surveyed mtran 2000 cases
dayside ionospere lies on field lines that thread the plasma 0f DMSP F13, F15, F16, and F17 passing through the field
mantle. Previous studies established that discrete aurordf view (FOV) of the ASIs from October 2003 to January
forms are associated with fieldigned currents (e.g., 2010. Plentiful simultaneous particle and optical
Sandholt et al.1998a Kamide and Rostoker, 1977) and Observations of auroras provide an unprecedented

there are fielealigned currents in tplasma mantle (e.g., ©PPOrtunity to investi_gateew properties of da)_/side auroras.
liima and Potemra, 1976). It is therefore expected that!n€ IMF data are-ninute OMNI data for which the time

discrete auroras generated by precipitation particles fron{!@s been shifted to the nose of the bow shock and are taken
from CDAweb (http://cdaweb.gsfc.nasa.gov/).
In this study, we first select all the data periods in
observations which satellites passed through the FOV of the ASIs and
éhen plot the aurora image, footprint of the satellite on the

Optical auroras observed near the cusp region hav . | ind it d simult
been extensively studied. Sandholt et al. (1998a), fordurora 1mage, solar wind condiions, and simultaneous

example, classified them into seven categories aan.MSP partlcle_ spectrograms in the same figure. Finally, we
systematically investigated their dependence on the sol yisually examlne_all the plot_S)tcheck the _correspondence
y : o etween the particle and optical observations of aurds
wind and interplanetary magnetic fie(MF). Yang et al.

2000 d that di b din th to confirm the source region of the auroras. The criteria for
( ) noted that discrete auroras observed in the CUSpyoiification of the plasma mantle from DMSP

region often ha_ve a coronary shape. Han et al. (2017, 2018}y,sorations are taken from Newell et al. (1991b). The
defined a particular aurora form, called the throat aurorajgenification is based especially on the associated soft ion
which is nortfisouth aligned and only observed at the gpecira, which have a temperature range from a few tens of
equatoward edge of the auroral oval. However, it remains glectron volts to about 200 eV. With the aid of the DMSP
unclear if auroras generated by precipitations from the particle observations, weresenttypical cases of mantle
plasma mantle can be distinguished from auroras generategirorasthat were obseretunder different IMF conditions

by precipitations from other regions$iig paperaims to find s follows.

criteria for identifying matle auroras
In this paper, according to coordinated ground and rvation

satellite observation®btained from 2003 to 2009 we 3 Observatio

present typical cases that show tharorasgeneratedoy 3.1 Mantle aurora observed underan IMF of

electrons from the plasma mantldlave somecommon

properties and can be distiighed in ground alky

imager (ASI)_ observatian We also present atatist_ical Figure 1 showshe case of DMSP F16 passing through the
study f_ind discuss how to understatie® observational FOV of the ASIs on 23 December 200Bhe two left
properties of mantle auroras. columns present the awab images observed in green (557.7
nm) and red (630.0 nm) lineBrom top to bottomjmages
2 Data and method observed at1029:31 UT, 1029:51 UT, 1030:21 UT, and
1030:51 UT are respectively mal
The Chinese Yellow River Station (YRS), at Wjesund, trace of the satellite in the FOV of the ASlssisown bya
Svalbard (hawig geographic coordinates of 78.BR2 yellow curve while the footprint of the satellite is indicated
11.93E, a magnetic latitude of 76.24, and a magnetic byar ed <circle in each panel. ON
local time (MLT) of approximately +3.0 h universal time show the magnetic north (poleward) and south (equatorward)
(UT)), is one of the few stations that can make longtimein the aurora imageésast (duskpndwest gawr) arelabeled
optical auroral observations at the cusp latituade the on the uppermost image of the red line and all images are
dayside during the boreal winter on the Earth. Sinceorientedin the same directiorThe rightpanels from top to
November 2003, an optical observation system comprisingbottom, show the IMFBz (black line) andBy (red line)
three identical ASIs equipped with narrowband filters, components, total energy flux (eVers * sr) of electrons
centered at 427.8, 557.5, and 630.0 nm, has been installed @tlack dots) and io (red dots), average energy (eV) of
the YRS. Each imagerfdhe system was equipped with a electrons (black dots) and ions (red dots), and spectrogram of

the plasma mantlereferred to as mantle auroras in this
paper, will be observed in groundbased optical

By<0andBz<0
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the differential energy flux of electrons and idiote that

the ion energy scale is invertetf) the uppermost panel, we f our

showthe IMF By andBzfor alonger time period and the two
dashedverticallines indicate the time interval corresponding (1991b) are labeled under the downward arrows.

Green line (557.7 nm)
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10:30:51%
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to the DMSP data plofrhe four downward arrows mark the

mo ment s

6 a.6The magndiosphendcc 6 |,

regions identified using the method proposed by Nlestal.

Red line (630.0 nm)
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Figure 1 Case of DMSP F16 passing through the FOV of the ASIs on 23 December 2003 under southvigzdtlMEal noon.

According to the criteria for judging the plasma mantle BPS and the ASIs observed a long aurora arc that was part of
given by Newell eal. (1991b), the spectrogram of Figure the main auroral oval.

lahas typical plasma mantle properties from 1029:24 UT to

1030:21 UT. Satellite F16 wagsassingthe plasma mantle

from moment

6abdb to moment

ASls observed a long auroral arc at theatorward edge of

the FOV and a dim, isolated auroral structure poleward ofeastward (duskwardindboth the IMFBy andBzarenegative
the long arc (marked by theellow eclipse) in both green
and red lines. The intensity in the red line is obviously of the ASIs on 14 January 2004. During this pass, this AS
greater than that in the green line for the dim auroralppserved two auroral structures in the FOV: i.e., a wide arc
structue. Becausethe dim auroral structure was under the equatorward of the FOV and a narrow arc polewafrthe

footprint of the satellitewhen the satelliteobservedthe
mantle propertywe can reasonablyefer to the dim auroral
structure as a mantle aurora.

At mo me nt

6 ¢ 6 overa dmall agrarahre, |

which hadjust split from the long auroral aemd move in

the northeast directian

The

To show the motion of the mantle aurora identified in

Figure 1, we present the aurora images of the green line with
010Dintervds in FigueeM&nd inak the rAafitle aufoth witab 0 ,
black arrow. Figure2 shows that the mantle aurora moves

Figure 3 presents another pass of F16 through the FOV

wide arc. Satellite F16 is passing through the narrow arc at

mo me n't 6co

when

t he el ectro

plasma mantle propgttwhich confirmsthat the narrow arc

| is theEmaiyl@ &uror&r o m

i ma g e,wectearlpsed o0

the mantle auroral arc split from the wide arc and move

spectr ogr am pédwardThisneaPMAFGaRdean Bel réasonably supposed

shows the mantle property, and we thus regard the smato be generated bya magnetopause reconnectibecause

auroral arcobserved under the footprint of the sateltite

mo me nt thé mabhtle awora also. Considering the solarresult consistent with Figureal i.e.,

the IMF Bz was southwardn this caseFigure3 presents a

the PMAF that

wind remained southward during this period, we suppose thabccurred most poleward of the auroral oval is the mantle
this small aurora arc was a poleward moving aurora formaurora. Figure 3 also shows that the mantle auroral arc was
(PMAF) resulting from magnetopause reconnection (Faselobserved in botlyreen and red lines but the intensity was

1995) . At

mo me n ts passing througihtee graateefor the reddinew a
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Figure 2 Auroraimagesn 10-s intervals for the case shown in Figure 1. Black arrows indicate the mantle aurora drifting duskward (eastward).
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Figure 3 Case of DMSP F16 passitiyrough the FOV of the ASIs on 14 January 2004 under southwar®iviEar local noon.

Figure 4 presents aurora images as shown in Figure observedon 27 November 20® for the IMF By < 0O
with 10-s intervas. Figure4 shows that the mantle aurora and Bz > 0. The spectrogram confirms that satellite

moves eastward (duskward) and poleward. Similar to thek 1 7 was i n the pl asmawishant | e
case shown in Figure 1, both the IMBYy and Bz are auroral band was observender the footprint of F17
negativefor this event. at momentid this bandsplit from along aurord arc

3.2 Mantle aurora observed under IMF By < 0 equatorward of the FOVand is identified as the
' mantle aurora.Figure 6 presents observationwith

and Bz> 0 10-s intervak. We find that the twisty auroral band

The above two cases were observed under the moveseastward (duskward) anpoleward asfor the
condition that IMFBz < 0. Figure 5 presents the case casesshown inFigures 1 and 3.
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Figure 4 Aurora images in 18 intevals for the case shown in Figure 3. Black arrows indicate the mantle aurora drifting duskward
(eastward) and poleward.
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Figure 5 Case of DMSP F17 passing through the FOV of the ASIs on 27 November 2008 under northwBedr M postnoon.

3.3 Mantle aurora observed under IMFBy > 0 aurora structure observed under the footprint of F13 at
andBz< 0 momentsod and &b is identified as the mantle aurora,
which shows a dim and sporadic auroral structure éacat
All the above mantle auroras are observed under BYE poleward of the mai aurora oval and having greater
0 and show eastward (duskward) motion. Figlygesents  intensity in the red line than in the green line. These
an example case observed by the DMSP F13 satellite undeeatures are similaio the cases identified abovEhe most
the IMF By > 0 andBz < 0 on 28 Novembe 2006. The  important point is that the mantle aurora observed here
figure hasthe same format as Figure 1. In Figifean  clearly moves westward, as indicated by the yeltovow
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Figure 6 Aurora images in 18 intervals for the case shown in Figure 5. Black arrows indicate the mantle aurora drifting duskward
(eastward).

Figure 7 Case of DMSP F13 passing through the FOV of the ASIs on 28 November under southw&zaihdFhegativey.

on the images of the green line. This is oppdsiterhatis plasma mantle from momerk6to moment&dbéand the
observed under the IMBy < 0. aurora structures observed under the satellite footprint
are idenified as the mantle auroralhese structures
havecommon features as identified above., they are
located polewardf the main ovalthey aresporadic

To examine the motion of mantle aurora under differentzg(é.tt.hey”have gr?atﬁ: tlrt\tt1en5|ty tlrll the redtwllne.
IMF conditions, we preserd case observed under IMF itionally, weé note that the mantel aurora stwe,

By > 0 andBz> 0on 23 December 20061 Figure8. In as indicated by the yellow arrow, moves westward
this case, satellite F13 wantinually located in the (dawnward).

3.4 Mantle aurora observed under the IMFBy > 0
and Bz>0



