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Patterns of Potential Magnetic Field Merging Sites on the Dayside

Magnetopause

J. 

G. LUHMANN,) R. J. WALKER, 1 C. T. RUSSELL,) N. U. CROOKER,2

J. R. SPREITER,3 AND S. S. STAHARA4

Models of the magnetospheric and magnetosheath magnetic fields are used to determine the relative
orientations of these fields at the dayside magnetopause in order to locate potential merging sites.
Areas on the magnetopause with different fractional antiparallel components are displayed by contour
diagrams for a variety of interplanetary field orientations. For interplanetary fields oriented perpendic-
ular to the solar wind velocity the areas of nearly anti parallel field agree with those obtained by
Crooker using simplified representations for the magnetic field geometry. Here, the application of
more realistic models gives the locations of areas where any anti parallel component occurs. Potential
merging sites for interplanetary fields with radial components are also illustrated. The results suggest
that the topology of the magnetosheath and magnetospheric fields provides antiparallel components
over a substantial fraction of the magneto pause for most interplanetary field orientations.

Several years ago, Crooker [1979] presented a qualitative
model of the sites of magnetic field merging on the magneto-
pause. This analysis was based on a conceptual picture of
the magnetopause and a superposed overlying uniform field,
perpendicular to the earth-sun line, that was taken to repre-
sent the magnetosheath field at its inner bound~ry. The latter
was rotated to mimic the effect of different interpianetary
field directions. Reconnection or merging lines were defined
as the locus of points for which these approximate magneto-
spheric and magnetosheath fields were antiparallel when
projected onto a plane (the GSE YZ ~lane). The major point
arising from this analysis was the role of the cusp in locating
potential merging sites. The present study extends the ideas
put forth in this earlier effort by employing more realistic
models of the magnetospheric and magnetosheath fields to
locate antiparallel fields at their magnetopause interface. A
gasdynamic magnetosheath model with frozen field is used
to describe the draping of the interplanetary field over the
magnetospheric obstacle. The new aspects of this analysis
include the location of fields that are not exactly antiparallel
and the treatment of interplanetary fields with radial (GSE
X) components that were not considered previously.

INTRODUCTION

Dungey [1961] was the first to propose that the merging or
reconnection of the interplanetary and terrestrial magnetic
fields where they are antiparallel was responsible for cou-
pling solar wind energy into the magnetosphere. The recon-
nection process could transfer magnetic flux from the day-
side magnetosphere to the magnetotail when the
interplanetary field was directed southward and from the tail
to the dayside magnetosphere when it was northward [Dun-
gey, 1963]. The evidence that this mechanism is important
comes from the responses of the magnetopause and magne-
totail to the southward interplanetary field [cf. Russell and
McPherron, 1973] and the dependence of geomagnetic activ-
ity on the interplanetary field orientation [cf. Burton et al.,
1975].

Until recently it has been difficult to examine the merging
process at the magnetopause because of both a lack of
adequate instrume!ltation and a lack of understanding of the
signatures of reconnection in the data. However, the ISEE 1
and 2 spacecraft have now returned measurements that have
been interpreted as observations of steady reconnection
[Paschmann et al., 1979; Sonnerup et al., 1981] and patchy
reconnection [Russell and Elphic, 1979]. The response of
these particle and field signatures to the interpianetary field
orientation can provide tests of various hypotheses concern-
ing the locations of the reconnecting regions. A purely
southward interplanetary field produces a line of perfectly
antiparallel magnetospheric and magnetosheath fields near
the geomagnetic equator, but sites of antiparallel field for
other interplanetary field orientations are less easily visual-
ized. Moreover, it has been pointed out [cf. Cowley, 1976]
that merging can occur where the two fields are not exactly
antiparallel.
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DESCRIPTION OF THE MODEL

The Hedgecock and Thomas model [Walker and South-
wood, 1982, and references therein] was selected to repre-
sent the magnetospheric field at the dayside magnetosheath.
This empirical model, which is similar to the earlier model of
Mead and Fairfield [1975], was constructed from a large
amount of spacecraft magnetometer data that were sorted
according to magnetospheric activity and season. The model
has a fairly accurate cusp geometry in the northern hemi-
sphere, where most of the data were obtained. Because of
this bias a mirror image of the model north of the equator
was used to represent the southern magnetosphere. Field
lines in the noon-midnight plane are shown on the right side
of Figure 1. The dipole axis of the model was made to
coincide with the GSE Z axis for this study. Although the
seasonal variation of the dipole tilt with respect to this axis
will modify the magnetospheric field at the magnetopause,
the complication introduced by the use of tilted models with
asymmetrical magnetopause shapes precluded the study of
this effect. (The magnetosheath model assumes an axially
symmetric obstacle.)

The magnetosheath field was modeled by using a gasdyna-
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etary field orientations perpendicular to the solar wind
velocity. New sites arise when there is a substantial GSE X
or radial component of the interplanetary field. As expected,
the southward directed interplanetary field produces the
largest area of nearly antiparallel fields on the magneto-
pause, while the northward interplanetary field produces the
smallest area. However, the regions for which there is some
antiparallel component of the magnetosphere and magneto-
sheath fields cover a large region of the magnetopause for
most interplanetary field orientations.

DISCUSSION AND CONCLUSIONS

For several reasons the patterns shown in Figure 2 must
be considered with some measure of caution when compar-
ing with the locations of observational evidence of merging
at the magnetopause. First1because the interplanetary field
is quite variable, the field measured by a spacecraft in the
solar wind must be propagated to the magnetopause with the
proper time lag. Except under circumstances of exceptional-
ly steady interplanetary field orientation, the actual pattern
of antiparallel fields projected on the magnetopause will not
usually reflect the field observed by the same spacecraft in
the solar wind at an earlier time. Second, currents in the
boundary layer and MHDeffects in themagnetosheath, such
as those described by Zwan and Wolf [1976], will affect the
field geometry at the magnetopause. Third, the possible
dependence of the merging rate on the local plasma velocity
[Mitchell and Kan, 1978] has not been folded into these
patterns. If slow flow is necessary for merging, regions of
antiparallel field near the subsolar stagnation point will be
favored. Similarly, the possible dependence of the merging
rate on the field magnitudes has not been considered here.
Finally, reconnection itself may produce a field geometry
where the reconnected field lines appear to be pulled over
the magnetopause [cf. Crooker, 1979], disrupting any pattern
imposed purely by the magnetospheric and magnetosheath
fields; (The boundary IRyer may be a manifestation of the
latter process.) Yet the patterns shown in Figure 2 may
provide a picture of the initial conditions set up by a sudden
change in interplanetary field orientation.

Russell and Elphic [1979] introduced the term "flux trans-
fer events" to describe their observations of distinctive
features in the magnetic field at the magnetopause during
periods of southward interplanetary field. According to
these authors, a flux transfer event is produced when a
localized merging of magnetosheath and magnetospheric
fields takes place. The reconnected field lines twist into a
ropelike structure. The magnetosheath and magnetospheric
fields bulge outward from the magnetopause as the flux rope
is pulled through under the combined forces of magnetic
stresses and antisunward magnetosheathconvection. Recent
statistifal studies of the spatial distribution of flux transfer
events near the magnetopause (J. Berchem and C, T. Rus-
sell, unpublished manuscript, 1983) show a double-banded
latitudinal distribution that flanks the equator. These authors
have argued that their results are consistent with the pre-
ferred occurrence of reconnection at the equator where
quasi-steady merging has been predicted for southward
interplanetary field [Dungey, 1961; Sannerup, 1976]. How-
ever, their distributions are also consistent with a superposi-
tion of the patterns for southward fields and for GSE Y fields
as shown in Figure 2. In fact, in their study, some events
occurred in association with practically GSE Y directed

mic treatment that assumes the interplanetary field is frozen
into the supersonic solar wind flowing around an axisymmet-
ric obstacle with monotonically increasing radial dimension
[cf. Spreiter and Stahara, 1980]. For the present analysis the
shape of the obstacle was derived from the shape of the
Hedgecock and Thomas model magnetopause in the pooit-
midpight meridian. In the calculation of the gas dynamic flow
field the aberration of the solar wind flow was neglected, and
a free-stream sonic Mach number of 6.0 was used. Because
the field determined with the gasdynamic code becomes
inaccurate near. the stagnation streamline that bathes the
obstacle surface [cf. Alksne and Webster, 1970], the model
field component tangential to the obstacle surface at a
distance of 0.5 earth radii from the obstacle was taken to
represent the magnetosheath field at the magnetopause. This
approximation, which presumes that the direction of the
magnetosheath field does not change very much within -0.5
earth radii of the magnetopause, was validated by testing for
changes in the tangential field direction at several other
distances.

The angie between the two modeled fields was found over
the surface of the dayside magnetopau~e at the grid points
shown in the .left panel of Figure 1. Contour diagrams of the
cosine of this angle were then constructed to display the
regions of varying anti parallel orientations as viewed from
the sun.

RESULTS

Figure 2 contains the contour diagrams described above
for various interplanetary magnetic field orientations (i.e.,
magnetosheath models). The shaded areas, representing
fields that are within 100 of being antiparallel, are roughly
consistent with Crooker's [1979] merging lines for interplan-
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Fig. 2. Contours on the days ide magnetopause (viewed from the sun, i.e., the GSE YZ plane projection) of equal
value of the cosine of the angle between the magnetospheric and magnetosheath model fields: Only contours with
negative values, implying some antiparallel component, are shown. Values at the contours, starting with the cont~ur
filled with shading, are -0.98, -0.95, -0.9, -0.8, -0.7, -0.6, -0.5, -0.4, -0.3., -O.Z, -0.1, O. The interplanetary field
orientations are indicated in vector notation (Bx, By, BJ irl1he lower right corn~rs. IQ particular, the patterns for
northward and southward fields occupy the first position in the left column and the second position in the right column,
respectively. The pattern for a 450 cone angle is shown in the third po~ition of the middle column.

fields. Also. because the highest geomagnetic latitudes were
not covered in their sample. the poleward merging of the
cusps predicted for northward directed fields (see Figure 1)
coul4 not have been observed. Still. separation of their data
into events associated with steady. primarily southward.
interplantary fields and GSE Y directed fields may produce

the distinctive patterns shown in Figure 2 for these two
cases. Provided that the flux transfer events are observed
near the location where they are produced by merging, one
would expect the GSE Y fields to give events in opposing
comers along a diagonal through the subsolar point, while
southward fields would give a broad latitudinal band, includ-
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ing the equator. A second study of flux transfer events by
Riinbeek et at. [1983] finds occurrences at the equator if the
selection criterion is relaxed.

In conclusion, the present analysis represents the extent
to which one c;an practically go in using steady magnetic field
models to understand the global picture ofreconnectipn sites
on the ma~netopa!Ise, given the present state of computing
resources and theory. Time-dependent, three-dimensional
MHD models of the solar wind interaction with the magneto-
sphere, such as that developed by Wu et at. [1981] and
Brecht et at. [1982] will, of course, be the ultimate theoreti-
cal tool for the investigation of merging sites.
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