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A new Cusp Model and its Viking Observation

M. Yamauchi and R. Lundin

Swedish Institute of Space Physics
Box 812, S-98128 Kiruna, Sweden

A new model for the exterior cusp is proposed based on Viking observations and
Prognoz-7 observations as well as on the fluid dynamic consideration when the
interplanetary magnetic field (IMF) is southward. Unlike the previous models of solar wind
injection into the magnetosphere, e.g., the reconnection models, we expect that high
magnetosheath plasma may enter the exterior cusp rather directly experiencing a standing
compressional transition which belongs to a magnetohydrodynamic (MHD) fast mode. Both
a shock and a more smooth transition (wave) are possible inside the exterior cusp because
the special geometry of the flow passage (cross section of the flow first decreases toward the
exterior cusp, and increases later toward the plasma mantle) allows us to employ the Laval
nozzle concept for it when the direct inflow is possible. Energy conversion by such a “Laval
nozzle” is rather straight forward: cross-field currents lying inside the wave front directly
decelerate the magnetosheath inflow working as a direct dynamo. There are two components
for these currents: ordinary transversal current inherent to the MHD fast waves, and a
longitudinal polarization current due to the non-linear effect since the wave (or shock) is
finite in amplitude.

From the dayside reconnection's view point, the Laval nozzle model is equivalent to
having the reconnection site at very high-latitude instead of at the subsolar point. However,
the model is essentially different from the reconnection model because the magnetosheath
pressure, instead of the IMF, determines the whole feature. Yet the model is valid only
when the IMF is southward, when the magnetic field is in the same direction between the
upstream side (magnetosheath) and the downstream side (plasma mantle). Otherwise, i.e.,
when the IMF is northward opposite to the direction of the cusp geomagnetic field, the
magnetic field must modify the plasma flow heavily near the neutral point, to the extent that
we may not have such a smooth flow passage from the magnetosheath to the cusp. This
gives us an alternative explanation to the reconnection models for the dependence of
magnetospheric activity to the IMF direction because the energy inflow is direct for the
southward IMF while it is not straight forward when the IMF is northward.

The predicted standing MHD fast wave or shock at the outer-most part of exterior cusp
explains many cusp-associated features observed by Viking when the IMF is southward,
e.g., sudden appearance of strong influx of the cusp particles at the equatorward-most part
of the cusp, gradual decrease of its intensity and characteristic ion energy, coexistence of the
region 1 field-aligned current and the cusp particles, and the “traditional” cusp current as the
result of the longitudinal polarization current inside the finite amplitude MHD fast wave. The
existence of such a shock is confirmed by Prognoz-7 observations near local noon, where
the satellite encountered unusual “magnetopause’ across which both the plasma pressure and
the magnetic pressure increase toward the earth, indicating that the transition belongs to the
MHD fast mode.
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Fig. 1.. Viking energy-time particle spectrogram part of the exterior cusp. The surface
and magnetic field data for the midnoon traversal of current (the dashed arrow) is always found
orbit 1016. Equatorward to the left and poleward to in ordinary (linear) MHD fast waves, while
the right. The empty arrows indicate directions and the polarization current Jp appear as the
relative intensities of the field-aligned currents. result of non-linear effect. Detailed
Notice the striking coincidence between the particle discussions are found in Yamauchi et al.
flux and the field-aligned current intensity. (1992).

HTVIEW EEHIC I Viking 8R4 196 25, EBE, 57D LB/ (1000~1330MLT)
Region 1 Biiid. # X 7L A X TORBANC bHFRA TV S (HFHFNIIZ 226051681 o

2. WbW3 [cusp| B idRegion 1 BHERT L LTHEEL. Lo bZOoHRESAHI
[REEDE | OB IENREME (Regionl B L0 FHEL . L bBICHDL > TREILEH
K123) 277,

SETICHLBICHLMIINTWVWS H X TRegionl BHOM OB, HIAL L& PHE
ODREFARGRE DL TLTOBRMEFTNT A1, RABGAXTOLE, HIBHA
WHZX 7. KIRIBOMHDBKEH (fast mode) RELTCVWEEBEIETVESFZ
(Yamauchiet al., 1992), K2 i Z DBEFAERMICRT. AR X TICHERA LXK
BRI, ZCREELTVWAMHDBAER (2RI 2BASBRAEA=-N2 OHhROB
SR ko THEBEREIN, ZOB, BENEIRXALVF -—OEBITONATV S, C
ST, AATORER X OBWHNERZ BT, WEHICH > THh 5B RN T E
BicHb->THRABLT, 2O F FRegionl BRICHFEL TV 3,

ER, ChEFTRATSTH S, BRIERKREE (RVITFER) 2056, FRED




PRESSURE vELOCITY (b) PRESSURE

P* T T p*
MAX = 1.04E+00 MAX = 2.00E+00 MAX = 1.08E+00
X X
) N 4 .5
&
J X,y
p
MAX = 2.10E-01 T= 1.03 MAX = 6.33E-02 MAX = 2.81E-01 T= 202

(250 time steps ) - (500 time steps )

Fig. 3.: Numerical results of 2-D MHD simulation. Normalized pressure, convection, and currents are
shown. Normalization reference values for pressure Py, magnetic field By, and convection Uy are their
upstream values; for length Ly, it is the size of the simulation box; for time, it is Lo/Uy ; and for currents,
itis By/Lollo. Parameters are: Alfven Mach number M, = 0.45; plasma B = 0.8; ionospheric conductivity
normalized by Alfven conductivity IV, = 0.45, Hall effect is half of the real dissipation, and height is
1/5 of Ly (taken from Figure 6.9 of Yamauchi, 1990).
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Fig. 5.: Geometry of the flow passage which goes
through the exterior cusp is illustrated for southward
Fig. 4.: The IMF By (> 0) effect is IMF conditions. The cross section change of the
added to Figure 2. It causes a shift of flow resembles that of a Laval nozzle. Since we are
the solar wind injection point toward considering the MHD fast mode when the magnetic
postnoon. The resultant deformation of field direction does not change (downward in the
the standing MHD wave or shock figure) for the whole passage, we expect that the role
provide strong asymmetry in the of the magnetic field is basically only to add extra
intensity of the polarization current Jp. pressure to the plasma pressure, and that the result of
Also, the flow direction becomes mostly the gas dynamics can be refrained. Detailed discus-
dawnward inside the wave. sions are found in Yamauchi and Lundin (1992).
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Fig. 6.: Low time resolution plasma and magnetic
field parameters for an exterior cusp traversal near
the noon meridian (taken from Figure 5 of Lundin,
1985). Velocities are given for H (solid lines) and
O™ (broken lines). A magnetopause-like transition
is found at the outer-most part of the exterior cusp
(indicated by the solid bar), but it actually belongs
to the MHD fast mode.




