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Measurements made with the Fast Plasma Experiment on ISEE 2 in the vicinity of the high-
latitude, dusk magnetopause near the terminator plane, at a time when the local magnetosheath
and tail lobe magnetic fields were nearly oppositely directed, provide direct evidence for the recon-
nection of the open field lines of the tail lobes with the interplanetary magnetic field (IMF). The
evidence consists primarily of observations of accelerated magnetosheath plasma flowing both tail-
ward and sunward within the high-latitude magnetopause current layer. Observed speed changes
at the magnetopause were of the order of twice the magnetosheath Alfven speed and were quanti-
tatively consistent with the predictions of reconnection models. At times when the newly entering
magnetosheath plasma observed at ISEE 2 was accelerated sunward a secondary beam of ions,
presumably mirrored at low altitudes, was occasionally present. At times when the newly entering
magnetosheath plasma observed by ISEE 2 was accelerated tailward a secondary beam of largely
unaccelerated mantle plasma was occasionally present. Small plasma accelerations observed on
reconnected field lines in the magnetosheath were associated with the presence of ions reflected
at the magnetopause and moving at a speed of approximately twice the Alfven speed relative to
the remainder of the magnetosheath plasma. Although previous work has anticipated that the
re-reconnection of the open field lines of the tail lobes with the IMF would be associated with
northward IMF in the magnetosheath, the present reconnection event was associated with a local

magnetosheath IMF which had a small southward component.

INTRODUCTION

Reconnection (or interconnection) of interplanetary and
terrestrial magnetic field lines at the dayside magnetopause
was first proposed by Dungey [1961] as a mechanism to
drive magnetospheric convection. According to Dungey’s
model, magnetospheric field lines opened up by the recon-
nection process at low latitudes on the dayside are subse-
quently dragged across the polar caps and into the tail lobes
by the flow of the solar wind past the Earth. In equilib-
rinm the interconnection of interplanetary and terrestrial
field lines on the dayside of Earth is balanced by the re-
connection of lobe field lines at a neutral line in the distant
geomagnetic tail. Thus the sense of magnetospheric con-
vection in this model is tailward in the polar caps and sun-
ward at lower latitudes where field lines are closed. A large
and diverse set of particle and field measurements made at
the magnetopause, within the polar caps and geomagnetic
tail, and on the ground have provided strong confirmation of
Dungey’s basic model of reconnection and magnetospheric
convection (see, for example, reviews by Cowley [1982] and
Resff [1984]). -

Since field lines in the outer dayside magnetosphere are
directed northward at low latitudes, dayside reconnection
generally favors an interplanetary magnetic field (IMF) with
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a southward component. On the other hand, as illustrated
in Figure 1, tailward of the last closed field line the field lines
within the outer magnetosphere are directed southward and
either sunward (northern hemisphere) or tailward (southern
hemisphere). Dungey [1963] suggested that a northward
turning of the IMF might therefore lead to reconnection be-
tween the IMF and the open field lines of the tail lobes at
the high-latitude magnetopause. In what follows we often
call this process "re-reconnection” in order to distinguish it
from reconnection which opens up previously closed mag-
netospheric field lines. Figure 1 illustrates the case when
connection is made only in the northern hemisphere (see,
for example, Russell [1972]). When the flow speed in the
magnetosheath, V;, is less than the local Alfven speed, Vy,
then the result of such re-reconnection is sunward convec-
tion in a portion of the northern polar cap as indicated by
the dashed arrow in Figure 1. Since the re-reconnected field
lines remain tied to the solar wind, which flows tailward,
tailward convection is maintained at other longitudes in the
polar cap. Evidence for sunward convection in the polar cap
in the presence of a northward directed IMF can be found
in ground magnetic records [e.g., Maezawa, 1976] and in
plasma and field measurements made from satellites travers-
ing the polar caps at low altitudes [e.g., Mozer and Gon-
zalez, 1973, McDiarmid et al., 1978; Burke et al., 1979;
Reiff, 1982]. (See also the review by Reiff [1984].)

Despite ground and polar cap evidence for reconnection
of the IMF and the open field lines of the tail lobes when
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Fig. 1. Schematic drawing illustrating reconnection of open field
linesin the northern tail lobe with the draped interplanetary mag-
netic field, IMF, of the magnetosheath, creating a new type of
open field line. In the noon-midnight plane such reconnection
should favor a northward directed field, as drawn. As a result of
reconnection, magnetosheath plasma crossing the magnetopause
is accelerated both tailward and sunward, as indicated by the
solid arrows. Sunward convection of field lines in a portion of
the northern polar cap, as indicated by the dashed arrow, is as-
sociated with this process whenever the local Alfven speed in the
magnetosheath adjacent to the reconnection site exceeds the flow
speed there.

the IMF is favorably oriented, such reconnection has never
been directly demonstrated with measurements obtained in
the vicinity of the high-latitude magnetopause. In the low-
latitude case, plasma accelerations observed at the mag-
netopause [e.g., Paschmann et al., 1979, 1986; Sonnerup
et al., 1981, 1990; Gosling et al., 1982, 1986, 1990a] have
played an important role in establishing the overall validity
of the Dungey model. Our prime purpose here is to present
ISEE 2 observations of plasma accelerations obtained at the
high-latitude (lobe) magnetopause at a time when the lo-
cal magnetosheath and magnetospheric magnetic fields were
nearly oppositely directed and when V, ~ V4. These ob-
servations of both tailward and sunward accelerations at
the high-latitude magnetopause provide clear and direct ev-
idence that re-reconnection between the IMF and the open
field lines of the tail lobes does in fact occur there when the
magnetic field shear is large. However, in the present case
the large field shear was not associated with northward IMF
at the magnetopause. Further, since V; ~ V4 in the present
case, it is unlikely that strong sunward convection in the
polar cap resulted from this re-reconnection.

GOSLING ET. AL.: RECONNECTION AT HIGH-LATITUDE MAGNETOPAUSE

OBSERVATIONS

The ISEE 1 and 2 satellites were launched into elliptical
orbits with apogee near 22.5 R. and with an inclination of
about 23 deg to the geographic equator. Although nomi-
nally low latitude satellites, in June, when the dipole tilt
is large, the satellites made a number of traversals of the
northern polar cap and often crossed the magnetopanse pole-
ward of the last closed field line. In this paper we are con-
cerned with data obtained on June 11, 1978, by the joint Los
Alamos/Garching Fast Plasma Experiment (FPE) [Bame
et al., 1978] and the University of California, Los Angeles
(UCLA) magnetometer [Russell, 1978] on ISEE 2 in the
vicinity of the high-latitude, dusk magnetopause near the
terminator plane.

Figure 2 shows cuts through a model magnetosphere in
GSM coordinates in the dawn-dusk terminator plane for
dipole tilts of 0 and 23 deg toward the Sun, the latter tilt
being the appropriate one for the magnetopause crossings
under discussion. The separators between open and closed
field lines in the figure have been calculated using the T'sy-
ganenko [1987] low Kp model field and assuming that any
field line is open which extends more than 60 Rg down the
tail or departs more than 20 Rg from the tail axis. We note
that the spacecraft crossing of the magnetopause, indicated
by the circled cross in the figure, was well poleward of the
last closed field line in the model.
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Fig. 2. Cross sections of the magnetosphere in the dawn-dusk
terminator plane indicating regions of open and closed field lines
computed using the T'syganenko [1987] magnetic field model,
for different dipole tilts. The circled cross indicates the approxi-
mate position of ISEE 2 at 2300 UT on June 11, 1978, at which
time the GSM latitude and local time were 38.6 deg and 18.2
hours, respectively.

Plate 1 displays color-coded ion and electron data from
the FPE for the 2200 - 2400 UT interval on June 11, 1978.
This was an outbound pass, and the GSM coordinates of
ISEE 2 at 2300 UT were (-0.65, 13.29, 10.62) Rg. The
ion and electron energy and angular information displayed
in Plate 1, when combined with magnetic field measure-
ments (see Figure 3), allow firm identifications of the plasma.
regimes sampled during this time interval. At the start of
the interval, ISEE 2 was on open field lines in the polar cap
and sampling a weak flux of mantle plasma (at ion energies
of several hundred eV). This weak mantle flux disappeared
at about 2215 UT, but reappeared sporadically later (for ex-
ample, briefly near 2242 UT and after 2335 UT). Beginning
at about 2228 UT the satellite had a number of encounters
with the magnetopause current layer, culminating in a com-
plete traversal of the current layer into the magnetosheath






