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Abstract. Using experimental data from the Cutlass Super-of pulses of transient reconnection or Flux Transfer Events
DARN HF radars and from a subset of ground magnetome{FTES) (Sibeck, 1990; Sibeck and Croley, 1991; Kivelson
ters of the IMAGE Scandinavian chain, the response of theand Southwood, 1991; Thorolfsson et al., 2001).

ionosphere in the noon sector to a solar wind pressure in- A conceptual model of the ionospheric and ground re-
crease is studied. The emphasis is on the signature of the cosponses to a sharp increase in the solar wind dynamic pres-
vection vortices and of the Hall currents that are associategure has been proposed, based on the propagation of MHD
with the pair of opposite parallel currents flowing along the waves through the magnetosphere (see Araki, 1994 and ref-
morning and afternoon high-latitude magnetic field lines. Weerences therein). This model has been numerically evaluated
show that the sudden commencement is characterised by dy Osada (1992). In this model, the pressure increase gives
equatorward convection, immediately followed (within less rise to a compression of the magnetosphere, which is accom-
than 3 min) by a strong poleward plasma motion. These repanied by an additional dawn to dusk current flowing in the
sults are shown to agree qualitatively with the global modelmagnetopause. This perturbation launches a fast mode com-
of sudden commencement of Araki (1994). pressional wave that propagates radially towards the iono-

Key words. lonosphere (plasma convection; electric fields SPhere. Since the plasma in the magnetosphere is inhomo-

and currents) — Magnetospheric physics (solar wind-geneous, regions of sharp density gradients allow for the fast
magnetosphere interactions) mode to couple to an Al&n mode which propagates to the

ionosphere along the magnetic field lines.

Due to a shorter propagation delay of the Afvwave,
compared to the compressional wave (Kikuchi, 1986), the
first response of the ionosphere (called the preliminary im-
r;i)tulse, or PI) is due to the field-aligned currents (FACs) as-
sociated with the Alféen wave (Wilken et al., 1982). In the

1 Introduction

Transient phenomena in the daytime ionosphere represe

the low altitude response to solar wind interactions with the : . ;
. o : orthern Hemisphere, the FACs flow into the ionosphere on
magnetosphere. The most important driving mechanism o he dusk side and out of the ionosphere on the dawn side.

ionospheric convective flows is magnetic reconnection at thel_hiS creates a twin vortex current system in the ionosphere

magnetopause. Poleward (antisunward) pulsed |onospherlvcvith a clockwise Hall current vortex on the afternoon side

flows (also called flow channels) have long been observed b)é : . . : .

nd an anti-clockwise vortex on the morning side (Fig. 1).
radars around noon (Provan et al., 1998). They are usually As th onal tes t ds the Earth
attributed to pulsed and localized reconnection at the day- s (n€ compressional wave propagates towards the tarth,

side magnetopause, triggered by tBg component of the El_hﬁ m?fgntert:c f'sld in the ma%n(it?hspgere_(\;vlll be mcrer:]ased.
interplanetary magnetic field (Pinnock et al., 1993; Lock- IS eflect has been measured at tn€ dayside geosynchronous

wood et al., 1993). Solar wind dynamic pressure changeé)rbit (Erlandson et al., 1991; Korotova et al., 1999). Once

are a second source of transient phenomena. They have beg?'ne fast wave hits the ionosphere, the H-component of the

shown to produce transient magnetosphere and ground signg.-round magnetic field starts to increase. After the compres-
tures, called sudden commencements (sc), because they a%pnf”“ front has passed the Earth, the magnetospheric con-
pear instantaneously (within a few minutes) over the globe.veCt'o_n readj_usts _to th_e new compressed staFe._ The FACs
At high-latitudes, their signatures closely resemble thoseassomated with th'_s adjustment (called the main |mpulse, or

MI) flow out of the ionosphere on the dusk side and into the

Correspondence tal.-C. Cerisier ionosphere on the dawn side. This creates an ionospheric
(jean-claude.cerisier@cetp.ipsl.fr) current vortex system that has an inverse sense of rotation
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Fig. 1. Schematics of the convection-current system in the North- |.-
ern Hemisphere ionosphere during the preliminary impulse. The| . !
system is reversed during the main impulse. '
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compared with the PI.

hThe ground malgn(;etometzr. reiponses to these COT]bmqglg. 2. Geometry of the fields of view of the CUTLASS radars at
changes are mainly detected in the H-component. In the afyy,\ibaer (E) and Hankasalmi (F) in AACGM coordinates. The

ternoon sector at mid- and auroral latitudes, the preliminarygjrections of the beams of the Hankasalmi radar displayed in Fig. 5

response to a sudden pressure increase is typically a shoste indicated. The position of the magnetometer stations is also

negative pulse followed by a broad positive one. In the morn-indicated. The thick dashed line shows the 12:00 MLT meridian at

ing sector, the signatures are reversed: a short positive pulsg9:00 UT.

is followed by a broad negative pulse. Furthermore, at lati-

tudes higher than the FACs, the sign of the magnetic pulses is

reversed compared with the mid-latitude and auroral regions>UPErDARN data have been already described in a paper by

(Araki, 1994). This type of ionospheric response to a sudderfPg9awa et al. (2001) devoted to the study of the formation of

pressure increase is referred to as the Sl model. polar cap ionisgtion pa_tches (_their event 2). We will use some
In a 3D MHD simulation of the response of the magne- ©f their results in the discussion.

tosphere to a solar wind pressure pulse, Slinker et al. (1999)

have confirmed that travelling convection vortices develop on

both sides of the magnetosphere with the senses described

Araki. Thorolfsson et al. (2001) have shown that convectionOn 1 February 1998, the CUTLASS pair of the SuperDARN
and magnetometer data measured during a series of pressure- . ars (Greenwa,ld et al., 1995) was operated in a special
pulses agree qualitatively with Araki's model. In an attempt consisting of a 15-bea.’m scan. The CUTLASS radars at
to determine experimentally the latitude of the field-aligned Thykkvibaer in Iceland and at Hanl.<asalmi in Einland share

g:urrents, Lam and Rodger (2001.) ha\{e shown that the Iaté common field of view both over Scandinavia and north of
itude of the parallel currents varies with MLT, contrary to

Araki's model, which places the parallel currents at a Con_Scandmawa. Figure 2 shows the geometry of the fields of

. o . view of the radars in Altitude Adjusted Corrected Geomag-
stant latitude, arbitrarily set to 7%y Osada (1992). Using netic (AACGM) coordinates. Dilta from the northern pa?t

a wide set of mngetometgrs, Engebretsgn etal. (1999) hay the International Monitor for Auroral Geomagnetic Ef-

shown that. the initial velocity of propagation of the PI away fects (IMAGE) north-south magnetometer chain are used. At

from noon is very large, of the prder of 150 km/s, the time of the event described here (around 09:00 UT), the
In the noon sector, the morning and afternoon Hall current\ AGEe magnetometers are situated in the 11:30-12:00 MLT

vortices merge into a northward current during the P1 and %ector, as shown in Fig. 2. The low-latitude magnetic data are

southward current during the MI, as confirmed by the simu-¢. , yhe Hermanus magnetometer, situated at 10:12 MLT at
lations of Slinker et al. (1999). The main ground magnetic 09:00 UT

signature at high-latitudes is then expected to occur on the D
(or Y) component, with a negative pulse during the Pl and a
positive pulse during the MI. 3 Observations
In this paper, the response of the ionospheric convection in
the noon sector to a solar wind pressure increase occurring oB.1  Solar wind conditions
1 February 1998 is studied. The experimental data are from
the Cutlass SuperDARN (Dual Auroral Radar Network) HF Figure 3 shows interplanetary magnetic field (IMF) and so-
radars and from a set of ground magnetometers. These datar wind dynamical pressure data from 07:00 to 09:00 UT,
are then discussed in the framework of Araki's model. Theobtained by the Wind satellite. This time interval is charac-

Instruments
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WIND 1 February 1998 andY components at the low-latitude dayside station Her-
' : ; d ’ manus (HER,—33.7° geomagnetic latitude). The stations
are ordered in decreasing latitudes, from top to bottom, with

: ; : : a different scale for the components measured at HER.
: : : : : In response to the pressure increase measured by Wind at
e S ; : around 08:04 UT, the IMAGE and HER stations show a typ-
ical sc response. A sudden increase inXhecomponent at
mid-latitude (SOR, SOD), and of th€ component at low-
latitude (HER) is observed at 08:58 UT. Tig, component
T : : : : ; ' also shows a double pulse structure at the northern most sta-
-4 : + i i ' tions (HOR, LYR, NAL), with a negative deflection during
Y T Pacaoe e Boosoe =00 s L the MI. At the lower latitude IMAGE stations, no clear sig-
: : : : : : nature is present during the PI, and #ig component shows
el Do SRRARRSR Pefe R e 1oy only a positive pulse during the MI. This change in the sign
B ; ; - : : of the MI signature suggests that the Ml parallel current is
08:00 08:30 09:00 centred between HOR and HOP, around #@agnetic lati-
Universal Time tude (Fig. 2).
At high-latitudes, deflections of th&, component are
Fig. 3. The solar wind dynamic pressure and IMF compondits  dominant, with the maximum amplitude of thg, compo-
andBz (in GSM coordinates) measured by Wind during the 07:00 nent being observed at HOR. This component is mainly af-
to 09:00 UT period. fected by a north-south Hall current. All stations show a
negativeY,, deviation centred on 09:01 UT, followed by a
positiveY,, deviation centred on 09:05 UT. Attributing these
terised by a southward IMF starting at around 07:09B% ( magnetic pulses respectively to the Pl and to the MI pulses

~—5nT) and lasting about one hour, while the solar wind agrees with Araki's model of a poleward current during the
dynamical pressure slowly decreases to about 2nPaByhe pj and an equatorward current during the MI.

component is positive with a mean value of 3nT.

We are focussing on a particular event in the solar wind:3.3 HF radar data
the strong increase in the solar wind dynamic pressure
(+130%), which begins at-08:04 UT, at the end of the Figure 5 shows the radial velocities measured by the Han-
southward IMF period. The duration of the pressure increaséasalmi radar for 3 selected beams (beams 3-9-12) between
is ~7min. At that time, the Wind spacecraft was on the 08:20 and 09:40 UT. Beams 3 and 9 have a higher time reso-

Fressure [nFu]

mMF-Ey [nT]

IMF-Ez [nT]

- i
07:00 07:30

dusk side of the magnetosphebg,(,, = 2357 Rg, Yosm = lution than beam 12. The field of view of the radar is centred
85RE, Zgsm = —26.6Rg). With a solar wind velocity — on the cusp region (11:00 MLT at 09:00 UT, see Fig. 2), with
of 470km.s1, the delay between the Wind spacecraft and mainly negative (poleward) velocities. During the southward
the magnetopause can be crudely estimated tofemin. IMF period (before 09:00 UT), clear poleward moving flow
Therefore, we expect to observe a response to this pressutrirsts are observed on beam 3 (for instance, between 08:36
pulse on the magnetometers around 09:00 UT. and 08:40 UT). From the analysis of the occurrence of these

Similar IMF and pressure signatures are also observedlow bursts, which are normally regarded as an ionospheric
with the appropriate delays by IMP-8 and Interball-tail, signature of transient reconnection, the cusp can be situated
which were separated by30 R transverse to the Sun-Earth between 09:00 and 12:00 MLT. At 09:00 UT, positive (equa-
direction, thus showing the large-scale extent of the pressuréorward) velocities reaching 700 m/s are observed on beams
pulse. Geotail, on the morning side of the magnetosphere9 and 12, in the eastern part of the field of view. This corre-

at (Xgse = 8RE, Yose = —4TRE, Zgse = 1RE), enters  sponds to the time of the PI, as seen by the magnetometers.
the magnetosheath between 08:58 and 09:00 UT, thus datingarge negative velocities, up to 1200 m/s, are observed im-
clearly the compression of the magnetosphere. mediately after, centred on 09:05UT, on beams 3 and 9, in

the central and western parts of the field of view. They can
3.2 Ground magnetometer data be associated with the Ml magnetometer signature.

In order to describe in more detail the ionospheric flow
Figures 4a and 4b show the components in the direction ofluring the sc event, Fig. 6 shows the radial velocity maps
magnetic north and magnetic east (referred t& asandY,,,, from the Hankasalmi radar at three selected times: before,
respectively) of several high- and middle-latitude magneticduring and after the event. Figure 6a shows the convection
stations from the IMAGE chain (NAL, LYR, HOR, HOP, before the sc. The change from slightly positive velocities
BJN, SOR and SOD) between 08:20 and 09:40UT on 1lin the eastern beams to more intense negative velocities on
February 1998. This particular projection of the horizontal the western beams results mainly from a rotation of the flow
magnetic component is chosen to facilitate the comparisorfrom essentially perpendicular to the beam direction to par-
with radar data. Figures 4a and 4b also show the uXual allel to the beam direction. This is consistent with a round
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(@) 1 February 1998 (b) 1 February 1998
IMAGE Xm and Hermanus X components (nT) IMAGE Ym and Hermanus Y components (nT)
g 858 Z 1% 4265
< NWS 5 MVW\/\,\M 2
Z| IssnT z
£ WGIOZ.? € Ly 4471
- -
a4 a4
e W 6700.2 8 Lo e adts
I I
5 -] PN/ o R
o] 6518.5 e 4781
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Sl &
W
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[a)] [a]
O " N - 1104031 O ... . . |5]78
n %]
x x I 10 nT
i w 9841.7 W N T (9841 .
T10nT Fig. 4. Magnetometer data from the
08:20 08:40  09:00 09:20  09:40 08:20 08:40  09:00 09:20 09:40 IMAGE north-south chain and from
Universal Time Universal Time Hermanus (South Africa)_
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evening cell driving a westward flow into the polar cap, char- At 09:05UT (Fig. 6c), the convection is considerably
acteristic of a positive IMFB,,. changed, with strong negative (poleward) velocities observed

) ] ) ) _ on most beams of the Hankasalmi radar. Again, these pole-
As previously discussed with Fig. 5, the 09:01UT map \yarq velocities are in qualitative agreement with the posi-

(Fig. 6b) during the PI shows positive velocities in the east-tje y, observed at all IMAGE stations. In addition, the
ern part of the field of view (beams 9 to 14) in the 14:00 MLT 1y kkvibaer radar shows negative (eastward) velocities at
sector. Simultaneously, the Thykkvibaer radar (not shown,ta ranges in the northern most beams, in agreement with the
see Plate 3 of Ogawa et al., 2001) observes strong WeStwarﬁ'egativeXm component at the northern most IMAGE mag-
velocities. Atthe same time, the northern most IMAGE mag- netometers. At the lowest latitude IMAGE stations (HOP,

netometers observe positisg, and negativer,, deviations, g JN, SOD), theX,,, component is positive, in agreement with
in qualitative agreement with southward and westward con— \westward component of the convection.

vection.
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Hankasalmi (Finland) SuperDARN radial velocity
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Fig. 6. Selection of radial velocity maps
from the Finland-Hankasalmi raddg)
08:54 UT before the sc(b) 09:01UT
during the PI;(c) 09:05UT during the
MI; (d) 09:11 UT after the sc. Positive
velocities are towards the radar.

Fig. 7. Vector velocity map deduced
from the Cutlass radar paia) During
the preliminary impulse(b) during the
main impulse. The thick line shows the
12:00 MLT meridian at 09:00 UT.

The last map at 09:11 UT, after the sc (Fig. 6d), showsThe absence of vectors associated with the southward flow

a low velocity westward convection in the 73-=7latitude

observed in the eastern part of the field of view of the Han-

range. These low velocities indicate that the convection didkasalmi radar is due to the absence of scatter at the large
not return to its initial state prior to the sc, but rather turnsranges of the Iceland radar. During the MI (Fig. 7b), the
to a state more in agreement with what is usually expectedorthward flow is clearly observed, with velocities rotating
for positive IMF Bz. Large, negative velocities remain only from slightly westward below 75to slightly eastward above

in the far polar cap. Figure 7 shows vector velocity maps76° magnetic latitude.

deduced from simultaneous measurements by the two Cut-
lass radars during the periods identified as the PI (09:00—
09:02 UT) and the MI (09:04-09:06 UT). These maps helpto,  piscussion and conclusion
understand the relation between the IMAGE and the Super-

DARN data. Figure 7a shows that, during the PI, a westwardr, o hgjent flows around noon are usually associated either

flow (with velocities in excess of 1500 m/s) exists arountl 75
(and around 11:30 MLT), which is responsible for the posi-
tive X, deflection in the northern IMAGE magnetometers.

with IMF or with pressure pulse effects. We will first show
that the transients observed between 09:00 and 09:10 UT
cannot be IMF effects.
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The 09:05UT poleward flow does not present any of the The central MLT of both flows can be inferred from the ve-
characteristics of the transient poleward flows that are ob{ocity maps at 09:01 and 09:05 UT on Figures 6-b and 6-c. In
served in the period before 09:00 UT and usually present irfact, the Pl is centred at 12:00 MLT and the Ml at 11:00 MLT.
the cusp under negative IMB; and have been attributed to This difference can be explained by the different origins of
flux transfer events: these are spatially localised with a maxthe vortices during Pl and MI. The MLT location of the PI
imum latitudinal extent of a few hundred km (Provan et al., flow is related to the position on the magnetosphere of the
1998; Thorolfsson et al., 2000). initial impact of the pressure pulse, and thus to the orienta-

As it often happens, the solar wind pressure increase doeson of the pressure front in the solar wind, as suggested by
not occur alone, but is associated with a change in the oriTakeuchi et al. (2000). On the other hand, the MI, which
entation of the IMF. In the present case, the GBWcom- s due to the readjustment of the convection to the new solar
ponent turns from negative to slightly positive. It is tempt- wind pressure, is expected to be more symmetric with respect
ing to attribute the observed transients to this IMF changeto the noon-midnight plane.

In the framework of this interpretation, the equatorward con- |n conclusion, we have studied the noon high-latitude
vection observed at 09:01 UT could then be attributed to lob&ionospheric signatures of a positive pressure pulse in the
reconnection driving sunward convection in the noon polarsolar wind. We have shown that the associated latitudinal
cap. This interpretation can, however, be ruled out for threeHall currents and convective flows lead to consistent mag-
reasons: (1) the lobe cell is usually observed for stronglyn€tometer and radar signatures. These signatures also agree
northward IMF while, in the present case, the IMF is mainly With the global model of Araki (1994).

duskward; (2) the transient nature of the equatorward flow

does not agree with the stable positive IMF prevailing af- AcknowledgementsThe CUTLASS SuperDARN radars are sup-
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