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FTE LIKE VARIATIONS IN THE GEOMAGNETIC FIELD AT GROUND BASED
CONJUGATE BTATIONG IN THE CUSP REGILIONS

NeB. Trivedi®, L.J. Lanzerotti®, A, Wolfe™,

C.G. MacLennan™ and L.V, Medford®

*institute de Pesauisas Espaciais ~ INPE

CuP. 545, 42204 880 José dos Camnpos, S.P., Brasil

28T & 7 Bell Laboratories,
Murraw FHill, New Jdersey 87974, U.S5.A.

ABESLRACT

We have carefully studied magnetic Field dats acquired at
the “conjugate” pair stations Frobisher Bay/South Pole to examine the
nature of the magnetic signatures indentified {Lanzerotti et ala.,
1986) as possible ionosphere signatures of Flux transfer events
(FTES) . We Find, in ap examination of data over the interval Juluy-
November 19835, many events, covering a wide range of amplitudes, that
are  suggest ive of  intense Figld-aligned ourrents conveckted over the
observing stations. We find all of the events to have a half-width
in time of a few minutes and to be conjugate. aAll of the events have
vertical magnetic Field perturbations which imply  Ffield-aligned
currents  in the same direction (either intg or out of the ioncsphere)
in both hemispheres. The implications of these results for the
identification of these events with FTEs and contemporary madels for
dayside reconnection  and Field-aligned qurrent sustems will be

tdiscussed.



INIROLGUCTION

The nature of solar wind  induced convection in the outer
magnetosphere has been investigated ever since the open magnetosphers
model was proposed by Dungey  (4964). Even now how solar wind
transfers energy to the terrestrial sagnetosphere is not completely
understood. Hence considerable attention has been given to process
of magnetic Ffield reconnection at dayside magnetopause. Russell and
Elphic (1978, 1979) reparted “Flux transfer events” FTE’s  from
geronagnet ic measurements at  the davwside wmagnetopause conducted Dbu
ISEE gpacecrafts. They also  interpreted that FTE's are due to
local ized reconnection of magnetopause with southward interplanetary
magnetic Field Bx. Hagrendel et al, (1978} also reported similar
magnetic Ffield wvariations in the magnetospheric boundary lager.
Rijnbeek and Cowley (1984), Paschman et al. (1982, Daly et al.
(£984, 1984), Saunder et al, (i984), have studied FTE s as an
evidence of quasi-steady or transient reconnection of magnetic fields
at  davside magnetopause. The nature of reconnection in terms of
theory and computer simulation was treated by Cowley (4982),. Les and
Fa  (49B3), Lee (1986), SHonnerup (19864) and Sato et al. (1986). The
response  of polar ionpsphere to FTE s was treated by Boertz st al.
(1926835, Southwood (19853, Lee (1989, Todd et al. (4986) and Sandholg
{19284) .

The signature of FTE in the geomagnetic field variations
observed on the ground was reported by Lanzerotti et al. (19842,
Chence {Forward referred to as pape? 1. They presented in paper §
data  From a magnebtic station at South Pole (geographic) situated near
the magnetospheric cusp. The two events presented in paper 1§ and its
physical explanation based on the work of Lee and Fu  (498%9) are
reproduced  in Figures § and &, respectively. The footprint of an FTE
in the jonosphere of southern cuspe latitudes based on the indection
of the field currents when J[| > @ Cupward direction from the polar

ioncsphere) and By - > @ would be as illustrated in Figures 1 and 2.
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The Hall current loop J, yas considered responsible for the magnetic
gignature seen on  the magnetogram at the south pole. In the case of
IMF By ¢ @ the Field aligned ourrent would Flow downward to the
ionosphere (J|| ( @) and the sense of Hall current loop would be

reversed.

Lanzerotti et al. in paper § also suggested that these
ideas should be tested by examining many FTE s from sisultaneous
geonagnetic data of South Pole station and Frobisher Bay on Baffin
fsland in the Canadian Northwest territory., The magnetic stations,
Gouth Pole station and Frebisher 8Bay are nearly conjugate locations
near  L=i4, I+ the signatures of FTE in the geomagnetic field at the
cusps showsd By (IMF)Y  dependence, then according to the ideas of lLee
and Fu (4983), the Hall current loops would have opposite senses in
gach of the henispheres. Thus the signatures of the vertical field
of the garth at South Pole would be in the oppusite sense compared to
Frobisher Bay and vice versa would be true. Lanzerotti et al. (4986)
reported an attempt to verify governing physical process of FTE at
conjugate  cusp stations, viz. South Pole and Frobisher Bay. In this
attempt on October {6, 19805, when Bondre Stromfjord incaoherent
seatter rvadar facility observed convection reversal boundary and
Field aligned cuarrent filament was inferred in the cusp ionosphere.
the magnetic records at both South Pole and Frobisher Bay were
examined . The magnetic records referring to this event showed that
probably  the Field aligned current Filament was on close Field lines

and hence the said event may not be a Flux transfer event.

In this work we have examinegd available magnetic data of
the two cusp region conjugate stations to get more statistical
information on FTE "s. The period of the data examined is Ffrom July
1985 to December 1985, Above ment ioned conjugate point stations
situated in the magnetospheric cuadgps are South Pole station in the
Antarctica (%SP3y local time LT=sUT-3.5 hours) and its near conjugate

point Frobisher Bay on Baffin Island of Canadian northwest territory



(FBy local time LT=UT-3.9 bhours). The magnetometers emploved were
three axis fluxgates of the type described by Trigg et al. (1974,
The details of the installations were discussed by Lanzerotti et al.
(i982) and Wolfe et al. (19861 . The data were recorded digitally.

The Fluxgate sensors were oriented in such a way that in the northern

Csouthern) hemisphere increase in the vert ical component of
geomagnetic field was in the downward (upward) direction. Thees

criteria wused for selecting the Tlux transfer type events wers

followingt

(i The vertical field should show wunnmistakable change
positive or negative and with a duration aof three to six minutes

period.

2 The event should ocour between 19 and 2¢ hours UT that

is only the davtine gvents.

{3 The events were selected examining only Frobigsher Bay
data. The South Pole station data were consulted onluy later to avoid

any biags during the selection.

A numerical filter wads devised For an automatic detection
of FTE's using a computer. However we have ignored the selection of
FTE & by a compubter method since the evidence was overwhelmingly
Clear. We have restricted the present discussion to a few large

anplitude clear cut events encountered during the period From July to

December 1985. The events selected for the present study are Tisted
in Table f. Figures 3 and 4 show representative FTE's at  both

Frobisher Bay in  {the northern cusp and South Pole station in  the
southern cusp. The events of 19th  August 1985 and 1ith. NMNovember
19285 were chosen for the diagrams as on each day there are two svents
in  succession. All the events liated in Table 1 show exMactly the

same  bhehavior. Figure % shows an event that exhibited decrease in z-
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component on the South Pole station. However it could be noted that

Frobisher Bay also gxhibited similar variation.

CONCLUSTONG

In the examples encountered, the physical PrOCeEss as

interpreted by lee and Fu  (4985) and Lanzerotti et al. (1i988) doss

not Find support. It appears that these events are independent aof
By (LIMF ) conponent  and probably  ococur on closed Field lines.

According  to Russell and Elphic (1978), Lee and Fu (498%), Rijnbeek
et al., (1284) the FTE events occur every egight o fifteen minutes.
HMowever the magnetometer recordings on the ground ak the
magnetospheric cusps showed far less Frequent ooccurrence of FTE.
During the period from July to December 1985 only fourteen svents

with amplitudes over hundred gammas were noticed.

't seems from the present study that FTE s registered on
the ground at  cusp latitudes may occur on close Field lines and very
likely independent of By (IMF) component., It needs to be investigated
what happens to large number of FTE s occourring frequently at dayside
magnetopanse with much less frequent signatures on the ground

magnetoneters.
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ELGURE ..CARTIONS

Figa 4 ~ Two separate £lux transfer events observed at South Pole

station for IMF By < & (upper panel) and IMF By > (lower panel).

Fig., & = The velocity (V1), electric fields (E) and current patterns
in the polar ionosphere which is connected to the helical flux tubes
Formed at the magnetopause by a Flux transfer event (FTEY. Shown in
the case of the Bouthern (Northern) hemisphere, Pre-noon (postnoon)
For By < @ (By > @). Here J, js the ionospheric Hall current, Je is
the Pedersen Current density, and J|| is the field-aligned current.
Inside the Flux tube Ji) is downward for the stated conditionsg the

upward return currents are located outside the Flux tube.

Fige 3 = Flux Transfer Event on November 14, 19835,

Fig. 4 - Flux Transfer Event on Auagust 1%, 4985,

Fig. 5 — Flux Transfer Event on November 3J, 198%5.
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TaBLE. L

LIST QE. ELUX. . TRANSEER FEVENITHE

DAY DATE TIME
224 17 Aug 1985 1745 U.T.
230 19 Mug L1985 1230 UaT.
232 21 Aug 1985 £430 U.T.
233 22 flug 1985 1220 U.T.
238 27 Aug 19835 148% UaTa
298 26 Oct 198Y QRS U.T.
299 27 Oct 198Y 944 U.T.
J0e 28 Qct 1989 1243 UL T.
302 3¢ Oct 1989 1442 ULT.
Jeé 93 Nov 19895 1820 U.T.
Bi2 99 Nov 1989 1346 U.T.
343 19 Nov 19895 1338 U.T.
314 i1 Nov 1985 1448 Ua.T.
345 12 Nov 19895 1300 U.T.
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