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Auroral signature of lobe reconnection

P.E. Sandholt!, C.J. Farrugia?, M. @ieroset !, P. Stauningg’»and S.W. H. Cowley*

Abstract. We report specific changes in the dayside auro-
ral morphology in the winter hemisphere which occur in re-
sponse to sharp transitions between northward and south-
ward — directed interplanetary magnetic fields (IMF). In two
case examples we show how a switch between large negative
and large positive IMF B component was accompanied by
a corresponding switch in the location of the 630.0nm au-
rora: the cusp aurora situated at = 74° MLAT disappeared
and another form this time situated at &~ 77 —78° MLAT ap-
peared simultaneously (within 1 min.). We suggest that the
lower- and higher-latitude auroras correspond to injections
of magnetosheath plasma associated with, respectively, mag-
netic reconnection at low and high magnetopause latitudes.
They may be called cusp/LLBL and cusp/mantle auroras, re-
spectively. According to this interpretation the cusp/mantle
aurora thus corresponds to reconnection tailward of the cusp,
the so-called lobe reconnection. The auroral signature is ob-
served to last for a few tens of minutes, indicating that lobe
reconnection can occur in a quasi-steady mode. During the
17 December 1992 case event sunward plasma convection in
the polar cap was inferred from magnetometer records ob-
tained during the period when the high-latitude aurora oc-
curred.

Introduction

It is believed that reconnection between the geomagnetic
and interplanetary magnetic fields (IMF) can occur in two
major modes corresponding, roughly, to southward- and north-
ward-pointing IMF, respectively. In the latter case, depicted
in Figure 1 reconnection occurs at high latitudes between the
IMF and geomagnetic field lines tailward of the cusp (so cal-
led ,,lobe reconnection®).

This paper focuses on the auroral signature of this mode.

Models of lobe reconnection have been discussed
among others, by Dungey (1963), Russell (1972), Maezawa -
(1976), Mc Diarmid et al. (1980), Crooker (1979), Cowley
(1982), Reiff and Burch (1985) and Crooker (1988).

Experimental evidence for the occurrence of lobe recon-
nection has been obtained from (a) in situ spacecraft data
during magnetopause crossings at high latitudes (Gosling et
al., 1991), (b) polar cap convection patterns (e.g. Maezawa,
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1976; Coley et al., 1987, Knipp et al., 1991; Freeman et al.,
1993, Lu private communication., 1994) and (c) particle pre-
cipitation (Basinska et al., 1992; Woch and Lundin, 1992).
The in situ spacecraft data show evidence of sunward directed,
accelerated plasma flows satisfying the stress balance rela-
tion appropriate to a rotational discontinuity.

The convection signature consists of sunward flow on open
field lines in the polar cap, giving rise to the so-called ,,lobe
cell convection® which is entirely confined to the polar cap
(Reiff and Burch, 1985, Freeman et al., 1993). According to
one model, this is a summer hemisphere phenomenon
(Crooker, 1992; Crooker and Rich, 1993). The particle sig-
nature is characterized by accelerated sheath ions whose en-
ergy increases with latitude (reversed energy dispersion) and
which are located at the poleward edge of the cusp (Basinska
et al., 1992; Woch and Lundin, 1992). The reversed energy
dispersion is consistent with sunward convection.

Murphree et al. (1990) reported discrete auroral forms at

high northern latitudes occuring predominantly during posi-
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Figure 1. Reconnection geometry for positive IMF B (af-
ter Gosling et al., 1991) and related plasma flow and parti-
cle precipitation in the cusp/mantle (MA) region. The corre-
sponding auroral form is marked by label 2 in figures 2 and
3. Dashed arrow mark the direction of plasma flow.
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tive IMF Bz and negative Bx conditions, based on VIKING
UV imagery. They suggested that merging (reconnection) on
the front surface of the magnetotail is involved in producing
these emissions.

The latter observations are recorded by satellites in polar
orbit, so that a separation of spatial and temporal scale is gen-
erally not possible. This means that the temporal scale of
the plasma entry processes cannot be inferred from the satel-
lite observations. Thus, an important outstanding question is
whether the plasma injection from the magnetosheath during
lobe reconnection is quasi-steady or transient.

In the present work we shall be able to address this ques-
tion on the basis of continuous observations from the ground
of the 630.0 nm aurora, which is very sensitive to the pre-
cipitation of low-energy electrons of magnetosheath origin.
Thus, these observations represent an extension towards lower
energies (< 1keV) of previous UV observations of similar
auroral precipitation. The auroral observations we present in
two case studies show the appearance (fading) of 630.0 nm
midday aurora at high latitude (= 77— 78° MLAT) and near-
simultaneous fading (appearance) of alower-latitude (= 74°-
MLAT) aurora when the polarity of the IMF By component
changes abruptly from negative (positive) to positive (nega-
tive). We interpret the transition from one auroral form to an-

other as a clear signature of a change of the site of plasma in-
jection from the magnetosheath towards higher (lower) mag-

netopause latitude (cf. Onsager et al.,1993). This is a type
of cusp auroral dynamics which is different from the cusp
movements which have been documented in previous stud-
ies (e.g. Eather et al., 1979; Sandholt et al., 1994). By trac-
ing the particles from low altitude back to the magnetopause
Onsager et al. demonstrated the relationship between the lat-
itude of the injection site at the magnetopause and the lat-
itude of low-altitude particle precipitation for negative By-
conditions. Our interpretation of the positive Bz aurora in
terms of lobe reconnection is supported by the simultaneous
occurrence of sunward (reverse) polar cap convection, as in-
ferred from ground magnetograms.

Observations
January 25, 1990

Figure 2 shows meridian scanning photometer (MSP) ob-
servations from Ny Alesund, Svalbard (75.5° MLAT) of au-
roral emissions at 630.0 nm for the 0700—-0800 UT interval
on Jan. 25, 1990. Line-of-sight intensities along the mag-
netic meridian are plotted as a function of zenith angle (lat-
itude). North is to the left. Thick curves mark the poleward
and equatorward boundary of the auroral luminosities. Ar-
rows along the time axis mark important transitions of the
location (zenith angle) of the major auroral form.

A clear feature in the data is seen during the ~ 0730 - 0750
UT interval when the 630.0 nm auroral intensity maximized
at & 30° south of zenith (category 1 aurora). Before and after
this interval a major form (category 2 aurora) was located to
the north of zenith in Ny Alesund, i.e. typically around 30°
north. Assuming an emission altitude of 250km, a typical
value for the 630.0 nm emission in the cusp aurora, zenith-
angles of +-30° and —30° correspond to ~ 77° and 74° MLAT,
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Figure 2. Meridian scanning photometer observations of
line-of-sight auroral intensities at 630.0 versus zenith an-
gle. Two auroral forms are marked with labels. Arrows
along the vertical axis mark the appearence and fading of
the cusp/LLBL aurora. Arrows along the horizontal axis
mark the approximate latitudinal location of the two auroral
forms, i.e. at & 74 and 77° MLAT. The IMF B component
for 0700—0800 UT, January 25, 1990 is shown in insert.

respectively. Thus an abrupt change of the location of max-
imum 630.0 nm intensity from & 74 to 77 ° MLAT occurred
at & 0748 UT (cf. arrow along the horizontal axis). The on-
set of the high-latitude aurora (category 2) at 0748 UT is also
seen in the green line (557.7 nm), at = 40° north of zenith
(not shown). The transition from category 1 to category 2 au-
rora took place within &2 1 min. (Figure 2).

From Figure 2 itis seen that the poleward edge of the high-
latitude aurora migrated steadily northward. Furthermore,
the poleward edge of the high-latitude aurora is much more
pronounced after the transition at 0748 UT than before that
at ~ 0730 UT. This may be the signature of a sharp poleward
boundary of the electron precipitation. The insert in Figure 2
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shows the GSM Z-component of the IMF during the 0700~
0800 UT interval, recorded by spacecraft IMP-8 located at
Xsg = 18.6,Ysg = —32.4, Zsg = 12.2Rg.

Arrows along the time axis mark the major IMF Bz changes
at 0718 and 0738 UT, respectively. Evidently the two sudden
changes of auroral location at &~ 0730 and 0748 UT are asso-
ciated with these IMF By polarity shifts. That would imply
that the time delay between IMF By transition recorded by
IMP-8 and the corresponding auroral response was 10— 12
min. in the present case. Thisis a reasonable delay time given
the IMP-8 position at this time. IMF By was mainly posi-
tive (3—4nT) up to 0730 UT. And then it fluctuated around
zero until 0820 UT. IMF By was predominantly negative (0 —
+6nT), during the 07—-08 UT interval.

December 17, 1992

Figure 3a shows Ny Alesund photometer (MSP) observa-
tions at 630.0 nm for the 0700—0745 UT interval on Decem-
ber 17,1992. The period from 0700 to 0715UT is character-
ized by a zone of weak (< 1kR) emission located between
zenith and 55° north of zenith, similar to the category 2 au-
rora seen on January 25, 1990, prior to = 0730 UT. A new
auroral form (category 1) appeared & 30° south of zenith at
0715 UT. The category 2 aurora disappeared at ~ 0720 UT,
first in the eastern and subsequently in the western part of
the field of view of the all-sky camera in Ny Alesund. Af-
ter this time the dominating emission was located south of
zenith. This form first appeard in the eastern part of the field
of view, near magnetic noon. The equatorward boundary of
this luminosity (category 1), including poleward-moving au-
roral forms, are marked by thick curves in the figure. The cat-
egory | aurora in this example is similar to the correspond-
ing form discussed in the previous section, i.e. rather narrow,
intense forms located = 20 —30° south of zenith, with some
poleward-moving structures.

Figure 3b shows plots of equivalent convection for 0710
and 0720 UT on December 17,1992, obtained from magne-
tograms in Greenland, Scandinavia and Svalbard. The coor-
dinate system is eccentric dipole time versus magnetic lati-
tude. Each vector is obtained by rotating the horizontal mag-
netic perturbation vector by 90° in the counter-clockwise di-
rection. Assuming the magnetic deflection is due to iono-
spheric Hall currents the equivalent convection vectors point
in the direction of the E x B-drift.

The upper panel shows sunward convection above 80°
MLAT and in the prenoon sector, in the vicinity of the cat-
egory 2 aurora (bar along the Ny Alesund meridian). The
lower panel of Figure 3b marks the location of the category 1
aurora (hatched area) where an enhenced, antisunward con-
vection prevails.

IMF data are not available for this case.

Discussion and Conclusions

We have shown 2 categories of midday auroral forms which
are separated in latitude by &~ 2 — 3 ® MLAT and which are as-

sociated, respectively, with intervals of (predominantly) south-

ward and a northward pointing IMF. Transitions from one
category to the other occur abruptly when the polarity of the
IMF B, component changes.
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The observations suggest that the jump in latitude of the
auroral luminosity is a signature of a change in the latitude
of the plasma injection site at the magnetopause (cf. Onsager
et al., 1993). The category 1 and 2 auroras are assosiated re-
spectively, with anti-sunward and sunward (reverse) convec-
tion in the dayside polar cap. From this information we con-
clude that the actual auroral forms are signatures of plasma
entry viareconnection at low (sub-cusp) and at high latitudes
(mantle/lobe), respectively (cf. Figure 1). Refering to the mag-

netic field configuration (midday cusp) and the plasma sources
(LLBL and mantle) the two auroral forms may be called mlcp/_
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LLBL and cusp/mantle, respectively. The two auroral forms
then correspond to the two IMF Bz-dependent modes of par-
ticle precipitation in the cusp region which were reported by
e.g. Woch and Lundin (1992). The present ground-based op-
tical observations add to the earlier reported evidence of an
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Figure 3a Top: Meridian scanning photometer observations

at 630.0 nm for 0700-0745UT on December 17, 1992.
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Figure 3bBottom: Equivalent ionospheric convection for
0710 and 0720 UT obtained from ground magnetograms in
Svalbard and Greenland. Two different auroral forms have
been marked with labels.

auroral signature of lobe reconnection, which was based on
UV observations (Murphree et al., 1990).

The auroral form which we interpret in terms of lobe re-
connection (cusp/mantle aurora) is seen to last for several
tens of minutes, i.e. itis quasi-steady. This indicates that lobe
reconnection can occur as a quasi-steady process in the win-
ter hemisphere.
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