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Abstract. We have examined several cases of magnetol Introduction

sphere compression by solar wind pressure pulses using a

set of instruments located in the noon sector of auroral zoneThe geomagnetic sudden commencement (SC) is a very
We have found that the increase in riometric absorption (sudglobal phenomenon. Due to clear onset and well identified
den commencement absorption, SCA) occurred simultanesource, which is the sudden increase in the solar wind dy-
ously with the beginning of negative or positive magnetic namic pressure at interplanetary shocks and discontinuities,
variations and broadband enhancement of magnetic activitfhe SC-associated events may serve as a diagnostic tool for
in the frequency range above 0.1 Hz. Since magnetic variathe magnetosphere and continue to attract scientific interest.
tions were observed before the step-like increase of magnetic The sudden magnetospheric compression by solar wind
field at equatorial station (main impulse, M), the negative pressure pulse (SWPP) produces a variety of geophysical
declinations resembled the so-called preliminary impulse, PIphenomena which may be easily detected with both ground
In this paper a mechanism for the generation of Pl is intro-based and on-board instruments. It is well established that
duced whereby PlI's generation is linked to SCA — associ-the solar wind pressure pulse is associated with a step-like in-
ated precipitation and the local enhancement of ionosphericrease of the geomagnetic H-component at low latitudes (e.g.
conductivity leading to the reconstruction of the ionosphericAraki, 1994), pulsations of Pc 5 and Pc 1 frequency ranges
current system prior to MI. Calculation showed that Pl po- at higher latitudes (e.g., Saito and Matsushita, 1967; Tep-
larity depends on orientation of the background electric fieldley and Wentworth, 1962), the enhancement of ionospheric
and location of the observation point relative to ionosphericabsorption (e.g., Ranta and Ranta, 1990) and the intensifica-
irregularity. For one case of direct measurements of election of electron and proton auroras (e.g., Brittnacher et al.,
tric field in the place where the ionospheric irregularity was 2000; Hubert et al., 2003). These effects and inter-relations
present, the sign of calculated disturbance corresponded tbetween them are studied in the present paper.

the observed one. High-resolution measurements on IRIS The ground global magnetic response to SWPP may be
facility and meridional chain of the induction magnetome- characterized briefly as following (Araki, 1994). In the low
ters are utilized for the accurate timing of the impact of solarlatitude region the waveform of the SC is approximately a
wind irregularity on the magnetopause. step-function. This variation is positive, indicating the in-
crease of geomagnetic field. Observations at higher latitudes
show the SC as two successive pulses: the preliminary im-
pulse (PI) and the main impulse (MI). The sign of PI may be
different at different stations. The appropriate current system
of Pl was suggested by Araki et al. (1982).

Responding to SCs, magnetosphere can act as a cavity.
Magnetic oscillations excited in the magnetospheric cavity
are categorized in general as Pc 5 pulsations (150-600s
period, 2—7mHz frequency). To emphasize the connec-
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type, simultaneous Alfn oscillations are detected both at of the Pl and has been discussed therefore in many papers.
the stationary orbit (Baumjohan et al., 1984) and at theThe basic idea is that the magnetosphere is a non-uniform
Earth’s surface (Tverskaya and Khorosheva, 1982). Multi-medium which leads to the coupling of these two modes (e.g.
spacecraft measurements showed that a toroidal éAjfv Hasegawa and Chen, 1974). However, why during SC the
mode is observed over a narrow range of L-shells whereasoupling occurs in the narrow range of L-shells is not well
a poloidal (compressional or magnetoacoustic) wave has anderstood.
much larger radial extent (Eriksson et al., 2006). Note that in the studies mentioned the source is regarded
It is well known that that at the time of a sudden com- to be the same for the Pl and Aéwa oscillations, as well as
mencement a sudden burst of particle precipitations into Dfor the main impulse. That is a front of compressional dis-
region occurs that gives rise to a short-lasting increase in riturbance propagating Earthward at the velocity of magnetoa-
ometer absorption, known as Sudden Commencement Abeoustic wave. Safargaleev and Maltsev (1987) suggested that
sorption (SCA). Ortner et al. (1962) reported that SCAs werethe source of Pl and Al@n oscillations may be the same but
located around the central line of the auroral zone. Increasedifferent from that for the MI. They supposed that it could be
electron density at altitudes 80-100km has also been dethe localized area of enhanced ionospheric conductivity. In
tected by the EISCAT radar during several SC events (Yahnirthe presence of ionospheric electric field, the appearance of
et al., 1995; Manninen et al., 1996) indicating the wide en-ionospheric irregularity “launches” Alen wave through the
ergy range of precipitating electrons. The important pointwell-known polarization effect. Velocity of precipitating par-
for our study is the SCA-associated changes of ionospheriticles producing the ionospheric irregularity is much higher
electric field (Nielsen and Honary, 2000) and conductivity than that for magnetoacoustic wave. Therefore @dfwscil-
(Senior et al., 2007). lations will start on the ground slightly prior to the arrival of
The auroral oval and polar cap ionosphere can be conthe front of compressional disturbance (main impulse). Su-
sidered as a screen on which the magnetospheric processperposition of oscillations and Ml creates the effect of high
become visible. Owning to that, auroral images taken fromlatitude preliminary impulse. Safargaleev and Maltsev also
space may be applied for understanding of the global magneshowed that the disturbance of the current system caused
tospheric response to SWPP. In particular, it has been founély the local enhancement of the ionospheric conductivity re-
that SC leads to enhancement of the electron auroras. Insidsembles the equivalent current system of the preliminary im-
the auroral oval, the intensification first occurs in the daysidepulse obtained by Araki et al. (1982).
and then expands toward the dawn and dusk (Zhou and Tsu- In this study we perform a comparative analysis of mag-
rutani, 1999; Kozlovsky et al., 2004). Liou et al. (2002) re- netic and riometric absorption disturbances caused by SC
ported sudden brightening of the electron auroral patch sepawith the aim to test the hypothesis by Safargaleev and Malt-
rated from the main (pre-existing) auroral oval. This kind of sev (1987) on the ionospheric origin of preliminary im-
auroral response to SWPP was named as Midday Sub-aurorpllse and SC-associated Aéfw oscillations at high lati-
Patches (MSPs). The similar effects were found in protontudes. We use the data of Scandinavian magnetometers
auroras by Hubert et al. (2003) and Fuselier et al. (2004) anghetwork IMAGE to identify the sudden commencements
were named “subauroral proton flashes” and “transient daywith preliminary impulse. As indirect evidence for the SC-
side subauroral proton precipitation”. initiated enhancement of ionospheric conductivity we regard
Among the above listed SC-associated events, the prelimthe above mentioned SCA events inferred from the data of
inary impulse and excitation of the Aln-like oscillations  the Kilpisjarvi IRIS imaging riometer. We only consider
are the most intriguing ones. Although the Pl is clearly seenthe local near-noon events since the interaction between so-
on the ground, it is not detected in interplanetary space. Theéar wind and Earth’s magnetosphere is more direct in the
excitation of the Alfen waves implies the transformation of noon sector. We do not discuss the later stage of develop-
the energy of the initial compression (magnetoacoustic) disment of the events (after the front of disturbance arrives to
turbance to the Alfén mode that is not possible theoretically the Earth). Otherwise we should take into account the IMF
in the uniform plasma. effects and complex character of propagation in the magne-
The generation mechanisms for Pl were suggested byosphere of different MHD-modes launched by SWPP. In the
Nishida (1964), Tamao (1964) and Araki (1977). In general, light of our findings, we make recommendations on the use
the mechanisms are based on the same idea — Pl is caused §ySC-excited Pc 1 pulsations in the tasks of magnetospheric
the incidence of MHD disturbance to the polar ionosphere.physics.
The disturbance is produced in the subsolar region of mag-
netopause at the very beginning of magnetosphere compres-
sion. To explain the advance of the main impulse, one shoul@® Instrumentation and interval selection
hypothesize the disturbance to propagate faster than magne-
toacoustic wave responsible for the MI. Northern Scandinavia is located under the auroral oval and
Transformation of the magnetoacoustic wave into theis a region where the SC-initiated precipitation and accom-
Alfv én mode is a more fundamental problem than generatiopanying events may be detected by a number of instruments.
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assumed to be observed around the noon-sector. Close to

the dawn and dusk, the propagation of the disturbances both

. in the magnetosphere and ionosphere should be taken into

JURRLEC i account. To exclude the propagating effects, we concentrate
: ' mainly on the events within-6 h interval centered near local

noon at Kilpisparvi (MLT=UT+~2h 40 m).

c\ Typical amplitude of fluctuations in solar wind dynamic
_ B pressure is 0.5-1nPa. We limited ourselves by considering
sBJN =+ the SCs with magnitude notably exceeded this value (except
1 : : one event that occurred under the quite conditions in solar
gt wind and produced well manifested response on the ground).

Note, that well recognized response to SC in riometric and
magnetic data was one of the limitations on the event selec-
tion.

To define the moment of main impulse we used the
data from magnetic equatorial stations Bangui (BNG,
433N, 18.5PE, MLT=UT+~2h) and Addis Abbaba
(AAE, 9.02 N, 38.77 E, MLT=UT+~2 h). Using these data
for comparison with others, a higher time resolution samples
of 30 s before and after the minute (IAGA format) was cho-
sen. Only events with clear onset were accepted. The events
with weak negative excursion prior to 1 min step-like in-
crease (low latitude preliminary impulse) were also excluded

Longitude

-
2;5 g from the consideration.
NUR E o We have examined the Wind data on solar wind ion pres-
- NS o S sure through the period from June 2000 to April 2004. Al-
--------------------- TR though more than 200 SCs were analyzed altogether, only 11
Latitude events meeting the above formulated criteria were found and

undergone the further analysis. In the next section a typical
Fig. 1. Location of the instruments in the region of observations. event observed on 18 March 2002 is described in details, and

Blue area is field of view of the imaging riometer IRIS facility. analysis of all the events is summarized in Sect. 4.

. . . 3 Geomagnetic disturbances associated with particle
Of particular interest to our study are riometers and magne- L2 . .
precipitation initiated by sudden increase in solar

tometers. : :
) ) S wind dynamic pressure: a case study
Figure 1 shows the location of measurement points in this

study. The Kilpisarvi IRIS imaging riometer (69.0, 3.1 Sudden magnetosphere compression on 18 March

sorption at 38 MHz. The system produces an array of 49
narrow beams with widths between®l8nd 16. The IM-  Figure 2 is an overview of the disturbances occurred on the

AGE chain of magnetometers covers roughly magnetic lati-ground in response to strong increase in solar wind dynamic
tudes 58-75. The meridional middle chain of IMAGE is pressure. At about 13:10UT the Wind Sate”ite’ probing
particularly suitable for electrojet studies. In longitudinal di- the interplanetary medium Aigsy=44 Re, Yosm=—117RE,
rection the coverage is best in the standard auroral oval regng ZesmM=—34Rg, observed the increase of solar wind
gion (64—67 magnetic latitudes). Currently the network in- pressure up te-23 nPa within five minute interval (top panel
cludes 29 magnetometers with sampling rate of 10s. Finnistin Fig. 2a). We should note that this significantly exceeded
pulsation magnetometer chain contains six three-componente typical amplitude of variations of solar wind pressure.
search coil magnetometer stations located on Scandinaviap? min later, main impulse was detected at low latitudes
Peninsula. In addition, the station of the Polar GeOphySlcal(AAE) The time |ag Corresponds approximate|y to the prop-
Institute, Russia, at Barentsburg (BAB) was used. Stationgation time of the front of irregularity from satellite position
are timed by GPS system and sampling rate of the data ofp the magnetopause. Rather complex magnetic variations
induction magnetometer is 40 Hz. were seen at IMAGE magnetometer network (middle panel
Statistically, the most direct response of the ionosphere tan Fig. 2a). In auroral zone (KIL) and below (NUR), the dis-
the impact of solar wind irregularity to the magnetopause isturbance in geomagnetic X-component has a shape of a step
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Fig. 2. (a)From top to bottom: solar win pressure pulse (SWPP) in
space, magnetic response at equatorial station and in auroral zone
sudden absorption commencement (SGA);sonograms showing
the SWPP-initiated magnetic disturbances on the meridional chain
of induction magnetometers.

18

Intensity scale, Rayleighs
with negative preliminary impulse. One can also distinguish _ -
Pc 5 pulsations at NUR. At high latitudes (LYR) the SWPP : '
caused strong negative excursion. These magnetic variation_ 0 50 1000 1500

were accompanied with enhancement in riometric absorption

seen in almost all beams of imaging riometer IRIS (Fig. 2a,Fi9- 3. Electron aurora response to SWPP as seen from the IMAGE
bottom panel) satellite. The fragment of DMSP F13 trajectory within boundary

plasma sheet precipitation is shown with black line.
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The geomagnetic response in Pc 1 frequency range is

shown on spectrograms in Fig. 2b. We point out three stages
18 March 2002 in the development of the ULF-activity. At first, the ampli-
—f § § L tude of variations in frequency range of 0-0.4 Hz increased
suddenly in auroral zone (ROV) and at high-latitudes (BAB).
Some minutes later, the enhancement of rising frequency oc-
curred at ROV. Finally, the series of two ULF-bursts with
central frequency~1.2Hz and repetition period of about
12 min was detected in auroral zone.

Figure 3 shows the behavior of electron auroras initiated
by sudden magnetosphere compression. The auroras en-
hanced near local noon and then split up in two bright pat-
terns propagating to dawn and dusk inside the boundary
plasma sheet (bps) as was indicated by data of the DMSP
F13 satellite passing above the area of observations near
13:26 UT. The conjugation of the postnoon auroral oval with
bpswas reported earlier by Kozlovsky et al. (2002). While
the riometric enhancement might be caused by the intensifi-
cation of particle precipitation to ionospheric D-region, the
enhancement of electron auroras indicate the increase of par-
ticle precipitation to E-region.

So, by taking into account the enhancement of proton au-
T T LN R N N roras, which will be discussed later, the chosen event presents
IRiISbeamd | | | | L i almost full set of SWPP accompanying phenomena listed in

. 1 8 B 8 b 8l the Introduction section. In the following sections we discuss
in the detail the possible connection of Pl with electron pre-
cipitation and Pc 1 pulsations with precipitation of protons.

X - component

X - component

3.2 Preliminary impulse and sudden commencements
in riometric absorption and dayside electron auro-

054 ras

087 The SWPP associated phenomena are presented in Fig. 4 in

more details. Magnetic data from low latitude station AAE
T has the lowest temporal resolution of 1 min whereas other
e I data were obtained at 10 s resolution. Nevertheless, it is seen
i d H f§ § § § | that disturbance at KIL started before the step increase of ge-
18 19 20 21 22 23 24 25 26 27 28 omagnetic field at low latitudes (main impulse) and resem-
Time after 13:00 UT, min bled a typical preliminary impulse. The AAE data are av-
da eraging higher time resolution samples from before and af-
ter the minute. In such a case, the MI at AAE corresponds
IRIS absorption i |mages (plan) @ 10 s res. to step increase of magnetic field at KIL, which also started

.. s near 13:23:30 UT.

Absorption, arb.units

0.4 4

The weak negative deviation at KIL (preliminary impulse)

; h‘ started almost simultaneously with enhancement in riomet-

225 23 5 25 5 5 ric absorption. In Introduction section this phenomenon was

Time after 13:00 UT. min referred to as SCA. The enhancement occurred within the
b whole IRIS field of view, as seen in Fig. 4b, and indicated

the increase of the precipitation of the electrons with energy
of several tens of keV. The SWPP initiated also more soft
precipitation, which caused electron auroras (see Fig. 3). Al-
though the temporal resolution of SIE instrument onboard
the IMAGE satellite is one frame per two minutes, in the
present case it was possible to find out that auroras appeared
at 13:22:40 UT, i.e. before the main impulse had started on

Fig. 4. (a) Negative magnetic deviation and SCA observed at high
latitudes 1 min before the main impulse at equatorial station AAE;
(b) two-dimensional “portrait” of sudden commencement absorp-
tion in the IRIS field of view.

www.ann-geophys.net/28/247/2010/ Ann. Geophys., 28,285-2010
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18 March, 2002 102 Good temporal correlation Pl with SCA indicates the con-

2 e I E TETE 20 nection between them. We think that precipitation could lead

0 to reconfiguration of the ionospheric current system via the

local increase of ionospheric conductivity. No doubts, elec-
151 16 tron auroras are accompanied with change of ionospheric

. o 14 conductivity. Recently Senior et al. (2007) showed that there
= 5 12 is a relation between riometric absorption and the conduc-
g ’ %_ 0 tance, too. Since the particle velocity is higher than the ve-
= = locity of magnetoacoustic MHD wave responsible for MI,

i 5 M °° the changes of ionospheric currents starts earlier than the
051 - 06 wave arrives at Earth. Thus, the precipitation produces on

' 04 the ground an imaginary effect equivalent to the preliminary

0 impulse. Note also, that local area of enhanced conductiv-

ity may be a source of Alfén wave (e.g. Kozlovsky et al.,
0 1997), the signatures of which are seen in Fig. 4 as pulsa-
tions of 100 s period at KIL.
At the initial stage of the event the amplitudes of both
Pl and SCA are small. At this time the enhanced auroras
are observed in post-noon sector (see Fig. 3), away from
Kilpisjarvi. The magnetic disturbance reached maximum at
13:27 UT, when the area of enhanced luminosity has shifted
100nT close to the region of observations. The intensities of both
auroras and SCA are also higher at this moment. This also
supports our assumption on the possible source of prelimi-
nary impulse.

F.- component

IRIS bearm 4 |

3.3 Bursts of ULF noise and dayside proton auroras

The sonograms in Fig. 5 show in the detail the initial stage
of SWPP-induced ULF activity at high latitudes (BAB) and
in auroral zone (ROV). First of all, we draw reader’s atten-
tion to the burst of increasing frequency (further referred as
“rising bursts”) started at 13:24:20 UT at ROV (momdhnt
in Fig. 5). Such kind of ULF activity, firstly described by
Tepley and Wentworth (1962), seems to be the most typical
geomagnetic response to the SWPP in the frequency range
0.1-3Hz (e.g. Kangas et al., 1998). This feature is associ-
ated with the development of electromagnetic ion-cyclotron
(EMIC) instability in the equatorial plane of magnetosphere
near the noon. In the present case, the source of the rising
burst in the magnetosphere is also limited in radial direc-
tion and seems to be conjugated with auroral zone, because
no response is seen800 km north and south of Kevo (see
Fig. 2b). In Fig. 6, where three intervals of activity of proton
auroras are presented, the rising burst may be associated with
the appearance of “subauroral proton flash” in postnoon sec-
_ _ ) tor between 13:22:40 UT and 13:24:43 UT (series of images
Fig. 5. Disturbances in the frequency band above 0.1 Hz (upper andy, Fig. 6a). This is expected since EMIC instability should
lower panels) and SC-initiated magngtlc variations at LIR and KIL lead both to generation of the waves of Pc 1 type and proton
and sudden commencement absorption (central panel). S
precipitations.

Another form of ULF-response, which has also been pre-
the ground. Based on this observation, we use the riomeviously mentioned in the literature (Safargaleev et al., 2002),
ter data to indicate precipitation in the wide energy range foris a series of two bursts at central frequen.2 Hz seen in
the other SWPP events when IMAGE satellite data were nothe middle spectrogram in Fig. 2b after 13:30 UT and around
available. 13:45UT. As it is seen in Fig. 6b and c these pulsations are

Frequency, Hz

Intensity, arb. units

054

oA + L
18 19 20 21 |22 23 24) 25 26 27 28

Time after 12:18 UT, min
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18 March 2002 IMAGE SIP
g 13:43:09 UT

a o b c

Fig. 6. Images showing three intensifications of proton auroras in the midday sector. Each of intensifications may be associated with
enhancement of ULF activity at KIL (see Fig. 2b, central panel).

accompanied with proton aurora enhancements, too. Unliket Discussion
the rising burst, these auroral flashes are observed at higher
latitudes, presumably in the cusp vicinity. Note that other4.1 High latitude magnetic disturbances and sudden

kind of proton auroras, expanding inside auroral oval toward commencement in riometric absorption: statistics
the dawn and dusk, did not demonstrate apparent correlation
with ULF-activity. Characteristics of the events considered in this study are pre-

Sudden enhancement of ULF noise in the frequency rangsented in Table 1. In the second column we indicate the date
below 0.4 Hz, which occurred almost simultaneously with of SC. Amplitudes of SWPP in space (mainly, at the Wind
SCA, at the momenTp=13:21:30 UT (see Fig. 5), was not satellite) and at low latitudes (mainly, at BNG observatory)
reported before as an attribute of SC-initiated ULF activity. are in third and sixth columns. The start times of magnetic
The enhancement is seen at BAB, ROV and NUR but is moredisturbance in horizontal X-component at KIh¥) and SC-
impressive at BAB, i.e. close to the latitudes where electronassociated riometric disturbance (SCA) are in the seventh
auroras appear in response to SWPP (Fig. 3) and magnetand tenth columns. Although all magnetic disturbances at
disturbance was large (Fig. 2a). It is suggested that similar tdiigh latitudes were observed before the disturbance at low
preliminary impulse, this kind of ULF activity is also caused latitude station, not all of them developed a negative prelimi-
by the disturbances of ionospheric currents in the region ofnary impulse prior the step-like increase as shown in Fig. 4a.
electron precipitation. Sudden ULF-enhancement gets aheadence, a general term “preliminary magnetic disturbance”,
of rising burst by three minutes. The possible reasons for thiMD, instead of “preliminary impulse” is used in the follow-
will be discussed later in Sect. 4.4. ing discussion which will be discussed later. Columns eight

and eleven contain information about amplitude of the pre-
liminary magnetic disturbance and SCA. In the ninth column,
the period of two modes of SC-initiated pulsations, Psc 5, is
given. The sign “=" means that no pulsations were possible
to identify in the data of IMAGE network.
We separate data set in two parts. For the events 1-6 in Ta-

ble 1 the preliminary magnetic disturbance and SCA start si-
multaneously (within 10 s ambiguity due to data resolution).

www.ann-geophys.net/28/247/2010/ Ann. Geophys., 28,285-2010
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Table 1. Characteristics of SWPPs in space and associated magnetic and riometric disturbances on the ground.

No. Date SWPP IMBBysy IMF Bza Ml AX AX Psc5 IRIS SCA
(nPa) (nT) (nT) (nT) uT nT S uT dB (beam)

1 2 3 4 5 6 7 8 9 10 11

1 8 Jun 2000 10 25 4 55  09:10:20—125 150/50 09:10:20 2.0 (29)
2 6 Nov 2000 2 25 -15 40 09:47:10 +40 —/60 09:47:10 1.1 (30)
3 19 Mar 2001 2 —-45 3 35 11:12:40 -30 —/—  11:12:40 0.5(8)
4 23 May 2002 11 +12 5 40  10:49:50 —50 140~ 10:49:50 1.2(3)
5 8 Apr 2001 12 +4 -2 55 11:00:50 +50 —/60  11:00:50 0.8 (9)
6 19 Apr 2002 1.5 -9 0 50 08:35:00 +20 146/ 08:35:00 0.9 (40)
7 3 Mar 2001 2 4 -3 20 11:21:10 -20 140~ 11:21:30 0.3(10)
8 17 Apr 2002 20 -7 -5 70  11:06:00 +40 126/ 11:06:30 1.0 (15)
9 17 Aug 2001 5 4 1.5 35 11:02:30 —30 —/— 11:05:30 0.7 (22)
10 29 Jul 2002 4 -3 1.5 25 13:21 —-70 130~ 13:25 1.0(17)
11 18 Mar 2002 20 -2 0 10® 13:21:50 —25 —/—  13:22:10 1.1(4)

a ACE data AAE data

The observations refer mainly to near noon hours. The meaeensity and bulk speed at ACE satellite. Most of the prelim-
surements during events 7-11 took place in the afternooninary disturbances, which look like the typical preliminary
For these events SCA is delayed relative to the start of preimpulse, started wheB; was northward whereas prior pos-
liminary magnetic disturbance by 20-180s. The delay mayitive PMD the IMF B, was directed southward. The sign
be explained in the frame of generation mechanism of Plof B; influences the configuration of the dayside magneto-
suggested by Safargaleev and Maltsev (1987) and briefly dissphere, shifting, in particularity, the ionospheric projection
cussed in previous section. Indeed, the SCA is seen when thef subsolar point poleward or equatorward via the reconnec-
precipitation occurs in the vicinity of riometer set whereas tion process. Hence, the region of precipitation may also be
the magnetometers are sensitive to the disturbance of ioncshifted poleward or equatorward depending on the IB}F
spheric current far away from the measurement point andsign.
hence, can detect it prior to particle precipitation observed at In general, the shape of PMD may be described as super-
IRIS. position of damping oscillations and delayed by 1-2 min the
For all events considered, the amplitude of preliminary step-like increase of the magnetic field (Fig. 8b). Note that
magnetic disturbance decreased from KIL to lower latitudesthe shape of preliminary magnetic disturbance in Fig. 7 does
(see, for example, Fig. 2a). This is consistent with our as-not repeat the shape of the bay in riometric absorption. This
sumption regarding the localization of the ionospheric sourcdinding means that beside the increase of the ionospheric con-
of PMD at high latitudes. However, no systematic behaviorductivity, there should be another factor, which regulates the
was found form KIL to Spitsbergen Archipelago, probably, development of PMD in time. We think that this may be
due to poor coverage by the ground measurements of thigwovement/expansion of the irregularity relative to the obser-
very interesting area, which is conjugated with various day-vation point.
side magnetospheric domains (mantle, cusp, libl, bps). Data presented in Fig. 8c show no correlation between
The variety of high latitude magnetic response to SWPP ihe amplitudes of the roimetric disturbance and SWPP. For

demonstrated in Fig. 7. Some statistical results are presente@@mple, the strongest SCA was detected during event 1
in Fig. 8. when IRIS was near the noon. Rather larger pressure pulses

Six disturbances of eleven were negative and looked Iike(events 8 and 11) were accompanied with absorption en-

a typical preliminary impulse whereas others were positive.hancements’t""g'd_1 arti even wetaker bY f?r::torftof 2. The
Sometimes the disturbances of the opposite polarities Wergweaslurgmﬁn Sf uring these e(\j/e?] S v¥ere r']n ea EI’POOI’] sec-
observed at the same place (KIL) and, approximately, at th or. It IS there ore _suggeste that for t € most of events
same time (for instance, events 8 and 9 in the Table 1), whic he maximum precipitation Qccurred not just above the IRIS
may not be explained by spatial distribution of the equiva- leld of view but at some distance from it and then propa-

; . . ted/expanded toward the observation region (see Sect. 3.2
lent ionospheric current system of Pl suggested by Araki ettt ) . |
al. (1982). Figure 8a shows the dependence of the poIarit;?rld Fig. 3) following the front of MHD disturbance in the

of PMD on the sign of IMFB; component averaged over the magnetosphere.
30 min interval preceding the sudden enhancement of plasma
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Fig. 7. Different shape of magnetic response to SWPP at high latitudes. Magnetic variation begins simultaneously with SCA event but
forestalls the step-like disturbance at equatorial station.

In the next section we summarize the results of observa- 3. The magnetic disturbance looks like a superposition of
tions with emphasis on the main features of the preliminary oscillations and a step-like increase of the field, which
magnetic disturbance. A simple semi-empirical model of dis- is shifted by 1-2 min relative to the oscillation onset.
turbance will be discussed. Herewith, the former are not accompanied with the vari-

ations in riometric absorption.
4.2 Polarization electric fields generated by an elliptic

magnetic disturbance depending on the orientation of IMB, component.

Positive response is observed whBnis negative be-

In this section we present a model of high latitude magnetic fore the event and vice versa.

response to SWPP, which fits the following experimental re-

sults inferred from the data analysis. For the most of recent models of PI, the general assumption

is that the ionospheric currents responsible for Pl are induced
) o ) ) by the electric fields transported from the outer magneto-
1. Geomagnetic variation at high latitudes precedes thegppere (Araki et al., 1994, and references therein). Fuijita
step-like increase of geomagnetic H-component at>003) presented a quantitative model of the PI, where the
equatorial station. Pl current is first excited as an enhanced Chapman-Ferraro
current in the magnetopause and then turns to the magne-

2. Geomagnetic variation at high latitudes starts almost sitosphere along the wavefront of the compressional signal
multaneously with enhancement of the particle precip-launched by the impulse. To explain the main feature of
itation near the meridian plane where the solar wind Pl, namely, its occurrence before the main impulse, such
discontinuity hits the magnetopause (near local noon).hypotheses as a difference of propagation velocity of SC-
Otherwise, the increase of precipitation is delayed afterinitiated waves along and across the magnetic field line, or
the magnetic disturbance by 1-2 min. complex shape of the dayside magnetosphere, or specific
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shape of the front of disturbance, should be assumed. Newn the ellipse periphery, and the undisturbed electric #&jd
ertheless, the generation mechanism for Pl is still a point ofis uniform.
debate (e.g. Kikuchi and Araki, 2002). A local change of conductivity leads to the reconfigura-
Safargaleev and Maltsev (1987) suggested that the ionotion of the system of ionospheric currents and produces at the
spheric currents responsible for Pl are induced by the elecsurface of the Earth a magnetic disturbance, which at some
tric fields, which appear in the ionosphere directly as thedistance from the irregularity may be estimated as:
polarization fields inside and outside the localized area of . .
enhanced conductivity. The ionospheric irregularity is pro- 22 =™ 14 Jea™i(Zo+ Xw) E2 )
duced by precipitating particles. In this model, the time where imaginary unit provides the phase difference of°90
shift between Pl and step variation appears because the papetween the equivalent ionospheric currefidz, and mag-
ticles move in the magnetosphere faster then MHD wavesetic field.
and, hence, reach the ionosphere prior to the disturbance re- Senior et al. (2007) showed that the Hall conductance
sponsible for main impulse. The situation is similar to that and the conductance ratiqy/Zp, have the strongest as-
observed in our study in riometric absorption (see examplesociations with cosmic noise absorption and the Pedersen
in Figs. 4 and 7). conductance is weakly related to the absorption. The sim-
The theoretical details of generation and calculation of po-ilar behavior is demonstrated by ionospheric conductance
larization electric field in the ionosphere may be found, forin association with precipitation causing optical auroras in
instance, in the papers devoted to excitation of Pi2 pulsationshe nightside ionosphere (e.g. Safargaleev et al., 2000).
by brightening of auroral arc (Maltsev at al., 1974), genera-So, for estimation of the field disturbancd® and E
tion of the Alfven impulse in the ionosphere (Kozlovsky et we will assume background conductiviByo=20 Ohnt?,
al., 1997) and behavior of the electric field in the vicinity of Zpo/Xpg=2, =2 and disturbed values (i.e. inside the ir-
varying auroras (Safargaleev et al., 2000). It was shown thategularity) X41=2 Zyo, Tn1/Zp1=4.
the problem may be easily solved if one presents the iono- The results of calculation of the disturbed electric field,
sphere as a complex plane with real axis x directed to theE,, and associated disturbance in the northward component
East and imaginary axis y directed to the North. Within suchof geomagnetic field on the ground,H, are presented in
approach, electric field vectors are presented as complekig. 9 for four cases of orientation of ambient electric field.
numbers likeE = Ex+iEy, the independent complex variable Upper panelin each figure is a sketch showing the orientation
(distance to the observation point) is defined asx+iy, and of the irregularity (gray area) with respect Ky (open ar-
complex conductivity has a for® = Xp—i Xy, whereZp row). Horizontal bold line at the distance &.8outh of irreg-
and Xy are the height-integrated Pedersen and Hall conducularity indicates the profile along which the disturbances of
tances. For the elliptical irregularity stretched alor@e. electric field (arrows) and magnetic field were calculated us-
along the latitude) and located in the origin of coordinates,ing Egs. (1-3). Colored areas correspond to positive (green)
the disturbed electric fields, which arise due to polarizationand negative (yellow) values &fH. Here we focus mainly
of the irregularity in the ambient electric fiel#o, may be  on the sign ofAH, whereas calculated amplitudes of distur-
calculated as (see Safargaleev at al., 2000, and referencésinces may not be reliable since we have no realistic data
therein): on Eg, ionospheric conductivity, and changes caused by the

_a+bXo+E5+25w nEo+Eg E precipitation.

Ei= (1) Model situations (a) and (b) correspond to location of the
a=b  ZTi-%o ppr-1 irregularity in the late afternoon sector poleward or equa-
wherey, = atb ZI+§0+EEW. torward of the convection reversal boundary where the N-
azb¥p-¥5 7 S component of the ionospheric electric field dominates.
* Model situations (c) and (d) may be associated with location

E,= _} <E1+ a+b EI) 1 _1 ) of the irregularity in the vicini'gy of the cusp where th_e hori-
2 a—>b 1— aZ_—ZbZ zontal component of the ambient electric field prevails (east-

Z

ward or westward dependening on IMHz orientation). Al-
Equation (1) gives the value of the disturbed electric field,though the configuration of the electric field at high latitudes
E, inside the ellipse, and Eg. (2) describes the disturbancés rather complex, even this simplified model allows us to
of electric field outside the inhomogeneity. Hexg is ef- understand two observed features of PMD. Firstly, the mag-
fective conductivity of the magnetospheric plasma for prop-netic disturbance caused by the irregularity in the same point
agating Alfen wave, >y =(uoVa) 1, wherepug is the vac-  may be of different polarity dependening @ orientation,
uum magnetic permeability is the Alfvén velocity,a and  which, in turn, is notably defined by IMB,. We pointed out
b are the major and minor semi-axes of the ellipse. Symbotlthis finding in previous section. Secondly, the impulse char-
“*” means the complex conjugate, the index O correspondsacter of variation might be conditioned by azimuthal prop-
to the background values. Equations (1-2) are obtained bygation of the irregularity and adjusted stationary (in time)
assuming that charges and field aligned currents are locateclirrent system above the magnetometer. Indeed, one may
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Fig. 8. (a) Dependence of the polarity of preliminary magnetic disturbance on the sign ofBiMiomponentb) sketch illustrating the
presentation of the high-latitude disturbance as a sum of oscillations and step-like in@reaswlitude of SCA vs amplitude of SWPP.

easily infer this from the shape of H-disturbance in Fig. 9. Sketch on the upper panel in Fig. 10c shows the colloca-
This approach was applied earlier for explanation of mag-tion of irregularity (gray area) and observation point (red cir-
netic spikes/Ps6 pulsations observed during the events afle), open arrow is ambient electric field. The spatial distri-
“omega auroras” (e.g. Kawasaky and Rostoker, 1979). Asbution along the latitude of KIL (red line on the sketch) was
mentioned above, the impulse-like change of PMD may notobtained after substitution of above estimat&gito Eqgs. (1—

be connected with temporal variation of ionospheric conduc-3) and presented below the sketch. During the event, the
tivity inside the irregularity since no corresponding changesmagnetometer KIL was located very close to the eastern edge
was found in riometric data. of the irregularity where our calculations give positive PMD,

Note that model simulations may explain the non-perfectwhich is in accordance with observations. The impulse- like
correlation between the sign of PMD aBd orientation (see  shape of PMD may be the effect of azimuthal (eastward) ex-
Fig. 8a). Although the position of the observation point is pansion of the irregularity.
fixed in space, the location of the ionospheric irregularity
may change with respect to the orientation of the front of4.3 Psc 5 and sudden commencement absorption ex-
solar wind discontinuity that yields PMDs of different polar- cited by SC
ities even under the same IM#;, conditions.

In one case it was possible to test the model using somélagnetic pulsations of Pc 5 frequency range are another
results of in situ measurements as input parameters. Imteresting phenomenon following SWPP. These pulsations
Fig. 10a, two frames from the IMAGE satellite show that au- demonstrate signatures of the A&fv waves both on the
roras responded to SWPP in pre-noon sector between 67—7@round (Tverskaya and Khorosheva, 1982) and in space
MLAT. The DMSP F15 passed above this area 15 min before(Baumjohan et al., 1984; Eriksson et al., 2006) although the
the onset in riometric absorption and positive magnetic im-disturbance, which initiates Psc 5, is the compressional one.
pulse (see Table 1 and Fig. 7). The satellite detected the preFhe problem of transformation of the energy from the mag-
cipitation typical for central plasma sheet and also measuredetoacoustic oacoustic oscillations to the A&lfvmode is a
the electric field which we regard as ambient electric field. fundamental problem of space physics rather than a particu-

The variations of two electric components along fragmentlar case of generation of Pc 5 pulsations after SC. Among the
of trajectory shown with white line on the top image are pre- numerous theories suggested (see, for instance, references in
sented in Fig. 10b. Red arrow indicates the magnetic latitudéhe paper by Eriksson et al., 2006) we note the generation
of KIL. The electric field demonstrated the bi-polar variation of the Alfvén wave by the area of enhanced ionospheric con-
in the south-north component at approximately 68LAT, ductivity (e.g. Kozlovsky et al., 1997, and references therein)
which may be a signature of the sheet of upward field alignedsince this mechanism is in good agreement with our previous
current on the poleward boundary of auroral oval (Kozlovsky suggestion (Safargaleev and Maltsev, 1987) and the observa-
et al., 2006). The averaging of the electric field over the in-tions discussed in the this paper.
terval between FAC and MLAT of KIL (i.e. over the auroral  In the presence of ambient electric field, the appearance of
oval) givesExo=20 mV/m andEyc=10 mV/m. Here, x-axis area of enhanced conductivity leads to the charge accumu-
is directed to the East, and direction of y is to the North. lation at its edges. Due to high plasma conductance in the
Situation considered is close to that, which is presented irdirection of magnetic field, this polarization charge should
Fig. 9c: eastward component &y is twice the northward escape from the ionosphere along the magnetic field lines,
component and; is negative. which give rise to the outgoing Aleén wave. Also, such
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Fig. 9. Results of calculation of the polarization electric field in the ionosphere (arrows) and associated magnetic disturbance (highlighted
curves) on the ground. Sketches show four uttermost variants of orientation of the irregularity (gray ellipse) relatively background electric
field (open arrow), which my be realized under differ@atorientation and at different MLT.

a wave should be launched from the conjugate ionospheréoard the Cluster satellites (Eriksson et al., 2006). Note that
since SWPP stimulates precipitation in both hemispheresoscillations with period 120-140 s fit our hypothesis on the
The bouncing of the waves between the Northern and Southionospheric origin of Psc 5 pulsations better than 60-s oscil-
ern hemispheres produces on the ground the train of pulsdations, since the time of a few minutes seems to be closer to
tions with period defined by the Alen-wave transit time be- the time of Alfvén wave propagation between high latitude
tween the ionospheres. ionospheres (see for instance, Safargaleev et al., 2003).

Information about the period of pulsations is presented in The electric field of the outgoing Aleén wave is a com-
the Table 1, ninth column. Sometimes no pulsations werebination of the polarization electric field8; and E, deter-
detected or the amplitude of pulsations was very small, andnined by Egs. (1-2). In accordance with Eq. (2), the field
there were occasions when the oscillation occurred it twooutside the irregularity decreases ag 1wherez is complex
modes simultaneously. The period of the modes is very clos@nalogue of the distance from the irregularity. So, the &dfv
to that, which was inferred from the recent measurements onescillations will be observed in the area, which is restricted at
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Fig. 11. Complex form of the SC-initiated magnetic disturbance.

At is duration of preliminary impulseg indicates the time of ar-
rival of the front of MHD-disturbance to the ionosphef®@,is the

period of pulsations.

least in the meridional direction on the ground and radial di-
rection in space that is consistent with Tverskaya and Khoro-
sheva (1982) and Eriksson et al. (2006).
Figure 11 summarizes the discussion on the shape of pre-
liminary magnetic disturbance. It is suggested that the shape
is defined by three factors. The first one is the disturbance
of the ionospheric current system by the enhanced particle
precipitation. This yields the negative or positive impulse of

measurements of the electric field in the place where the irregularityis the front of compressional disturbance, which reaches the

then appeared were availab(a) Images of electron auroras show- ionosphere-1 min after the particles (timg in Fig. 11). The

ing the fragment of DMSP F15 trajectory used for definition of the third one is the Alfn oscillations triggered by the appear-

background electric field (top) and location of observatories and engnce of local ionospheric irregularity. Period of pulsations is
hanced auroras (bottom(p) variations of the electric components 5 few minutes (denoted 4&5in Fig. 11).

in the direction along (red) and perpendicular (blue) the irregularity;

(c) spatial distribution of magnetic disturbance on the ground, green
areas correspond to positive variation and yellow area correspond to

negative one. Position of KIL indicated with red circle.
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and Fig. 5 (bottom panel). One more known response to the
SWPP in this frequency range is an increase of amplitude
and carrier frequency of pre-existing Pc 1 pulsations of the
“pearls” type (e.g. Kangas et al., 1998). In this paper, we
emphasize the broadband enhancement of the ULF activity
that occurred simultaneously with positive bay in riometric
absorption and preliminary magnetic disturbance as a new
form of geomagnetic response to SWPP.

Figure 12 shows the SC-initiated broadband magnetic en-
hancement at the meridional array of induction magnetome-
ters. Atfirst, the enhancement was observed at IVA. The mo-
ment is indicated with red vertical line. A few seconds later it
was detected at BAB and NUR located 100 km north and
~900km south of IVA, respectively. Satellite DMSP F14
flew above BAB at 09:59 UT (i.e. three minutes after ULF
broadband enhancement) and observed precipitation that are
typical for the boundary plasma sheet (DMSP data are not
presented here). This means that BAB, as well as IVA and
NUR, was on closed magnetic field lines. Hence, the lag
of signal both poleward and equatorward IVA might be con-
ditioned rather by the expansion of ULF-disturbance in the
ionospheric waveguide away from IVA than propagation of
its source in the magnetosphere in radial direction. The fig-
ure also shows that the magnetic enhancement at IVA co-
incides in time with enhancement in riometric absorption at
KIL, which is the earliest response to sudden magnetosphere
compression.

The above listed features of the broadband ULF enhance-
ment give an opportunity to use the meridional chain of in-
duction magnetometers for accurate timing of the impact of
solar wind irregularity to the magnetopause even if the ab-
sorption data are absent for some reasons. As an exam-
ple, we consider one more event (28 October 2000), which
was not presented in the Table 1 because of the noise in
IRIS data. Sudden compression was accompanied by in-
tensification of pre-existing Pc 1 “pearls”, broadband ULF-
enhancement and the burst of rising frequency (Fig. 13a),
as well as proton auroras (Fig. 13b). The auroral response
was mentioned earlier in the paper by Fuselier et al. (2004)
among other “transient dayside subauroral proton precipita-
tion” events produced by rapid changes in solar wind dy-
namic pressure. Broadband enhancement at 09:54 UT is faint
(see for comparison Fig. 12) but this allows us to identify

Fig. 12. Broadband enhancement of the ULF noise on meridionalthe burst of rising frequency and define the time of its onset
array of induction magnetometers. Red line indicates the time ofyith higher accuracy than, for instance, for the event pre-

SCA.

4.4 SC-initiated magnetic activity in the frequency
range 0.1-3 Hz

sented in Fig. 5. Enhancement begins almost simultaneously
with a negative preliminary impulse at KIL and intensifica-
tion of Pc 1 “pearls” at OUL. The burst is delayed by 100 s
(see Fig. 13c). Although the proton auroras appeared in IM-
AGE data at the same time as the burst (see Fig. 13b), we can
not claim that they started simultaneously because of the low

In accordance with Tepley and Wentworth (1962) and Sa-temporal resolution of IMAGE data.

fargaleev et al. (2002), approximately 20% of SWPPs are No burst-like disturbances were seen both poleward and
accompanied with excitation of a narrowband burst (or se-equatorward of KIL (see Figs. 2 and 13c), which is consis-
ries of bursts) of rising frequency like that shown in Fig. 2b tent with the assumption that the generation region of the
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Fig. 13. (a)General form of the response to SWPP in frequency band above O(bHZC-associated transient dayside subauroral proton
precipitation;(c) from top to bottom: broadband enhancement and rising burst at high latitudes, preliminary impulse at KIL and intensification
of pre-existing pulsations of the “pearls” type at low latitudes.

bursts is limited in radial direction in the magnetosphere (Sa-mutual source of the free energy. Indeed, the growth rate for
fargaleev et al., 2002). Pulsations of Pc 1 band are commonfeEC and EIC instabilities depends on many factors, which
accepted as the Aln waves generated via the developmentmakes difficult their comparative analysis.
of electromagnetic ion-cyclotron (EMIC) instability. Proton  gacond factor is a difference in propagation time of the
auroras are also associated with this instability since they|actrons and EIC-waves from the generation region (equa-
are produced by the particles scattered by the EMIC-wavesyyjg| plane of the magnetosphere) to the ionosphere. This
Hence, we can suppose that the SC-stimulated protons aysge was discussed earlier by Safargaleev et al. (2003) and
roras in Figs. 6 and 13b are ionospheric “projection” of the i jjiystrated on the sketch in Fig. 14a. Magnetosphere com-
generation region for rising bursts shown in Figs. 5 (bottompession leads to the development of plasma anisotropy in the
panel) and 13c (upper panel). equatorial plane (dark area), which, in turn, gives rise to both
The observed delay of the bursts relative to the absorptiorEEC and EIC instabilities (top panel). The EEC-waves scat-
enhancement may be conditioned by two factors. First, theer the electrons to the ionosphere (thin black arrow), due to
condition for development of EMIC instability, which is re- which the absorption and ionospheric conductivity enhance
sponsible for rising burst generation, may differ from that for and Alfven impulse is launched to the magnetosphere (red
electromagnetic electron-cyclotron (EEC) instability causingarrow on the middle panel). After the time interval corre-
electron precipitation and increase of riometric absorption,sponding to the propagation time of the EIC wave (bold black
although both instabilities have the plasma anisotropy as arrow) between equatorial plane and ionosphere, the wave is
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Fig. 14. (a)Sketch showing the reason of the lag of rising burst relatively SCA and generation and propagation oféhemiuises (red
arrows);(b, c) magnetic pulsations at observatories located just below the ionospheric irregularity. Period of pul#ationsiesponds to
the propagation time of the Alén impulse between conjugated ionospheres.

detected on the ground (bottom panel) as rising burst. Asing the time lag of the rising burst to be close to the time
suming that the Alfén impulse and EIC-wave propagate at of the Alfvén wave half-hop between conjugate ionospheres.
the same velocity, we indicate on this panel also the &ifv  Our observations support this suggestion. Indeed, during the
impulse launched from the conjugate ionosphere. We do nogvent on 28 October 2000, the proton auroras occurred at lat-
discuss here the proton precipitation since we can not peritudes of SOR (see Fig. 13b), and the time lag of about 2 min
form correct timing of proton aurora enhancement for theinferred from the sonogram in Fig. 13c is close to the half
events considered. of period of oscillations at this station denoted in Fig. 14b as
Safargaleev et al. (2003) suggested the method for estimala. During the event on 18 March 2002, the proton auro-
tion of the period for resonant (Alén) oscillations assum- ras occurred at latitudes of BIJN (see Fig. 6a), and the time
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lag of about 3 min (see Fig. 5) is close to the half-period of the interplanetary medium, in general, and by the sign of IMF
oscillations at this station (see Fig. 14c). In our reasoningBz-component, in particular. For one case of direct measure-
we neglected the propagation time of the Afwwave inthe  ments of electric field in the place where the electron auroras
ionospheric waveguide from the place of the incidence in the(i.e. ionospheric irregularity) were present, the sign of calcu-
ionosphere to the observational point. In accordance to estilated disturbance corresponded to the observed one.
mations by Safargaleev et al. (2004), this time is of the order Since the velocity of precipitating electrons is much larger
of the temporal resolution of riometric and IMAGE magnetic than that for the MHD-disturbance causing the step-like mag-
data. netic enhancement on the equatorial stations, we suggest the
The present method gives the observed value of the propaenospheric irregularity as a source of the preliminary im-
gation time of the Alfien wave along the magnetic field lines pulse of SC at high latitudes.
instead of commonly used theoretical estimations or the re- The ionospheric irregularity could be also a source of
sults of in-situ measurements but in the direction perpendicthe Alfvén-like pulsations following the SC. In such “iono-
ular to the magnetic field (e.g. Wilken et al., 1998). The spheric” approach, the period of pulsations is defined by the
result obtained may be of a practical importance. At auro-propagation time of the Alfén wave between the conjugate
ral latitudes it may be taken into account in the heating ex-hemispheres. Using the method of estimation of propaga-
periments aimed at artificial excitation of the magnetosphereion time suggested earlier by Safargaleev et al. (2003) we
eigen-mode oscillations. At higher latitudes the time lag mayhave found the pulsations of an appropriate period in our
be regarded as the response time of the dayside polar ionatata. However, the ionospheric mechanism does not explain
sphere to the magnetopause processes because the informiae SC-initiated pulsations with smaller period, which were
tion about these processes is transferred by &ifwaves. also observed in the course of our investigation, as well as
One can estimate also an averaged &tfwvave velocity  reported by other authors (e.g. Eriksson et al., 2006).
along the magnetic field lines and use this to specify some \When the absorption measurements are performed with
theoretical models (for instance, the models of Pc 1 “pearls"high temporal resolution, they may be used for the accurate
pulsations by Trakhtengerts et al., 2000; preliminary impulsetiming of the impact of solar wind irregularity to the mag-
of SC by Tamao, 1964; etc). netopause. We have found that the absorption started to in-
crease simultaneously with the enhancement of the broad-
band magnetic disturbance. So, the additional instrument,
5 Summary which might be used for the timing purposes, is the merid-

) ional chain of the induction magnetometers.
We have examined several cases of magnetosphere COmpresyys paye aiso found that SC-associated broadband bursts

sion by solar wind pressure pulses using a set of instrumentgf rising frequency in the band of Pc 1 magnetic pulsations

in the around-noon sector. We have found that the INCEASE , related with the enhancements of proton auroras. This in-

in the riometric absorption occurred simultaneously with the e 514 that the EIC instability should lead both to the burst
beginning of positive or negative magnetic variation in auro- eneration and proton scattering. However, for detail study

ral zone and broadband enhancement of magnetic activity i f this phenomenon the data on proton precipitations are

the_ frgquency range above Q'l Hz. Herewnh, th.e magnetiG qeqed of better temporal resolution than the 2-min images
variations were observed prior to the step-like increase INaken from the IMAGE satellite

the magnetic H-component at equatorial stations, so that the
negative magnetic variation resembled a typical preliminarybo
impulse of SC. The sign of the disturbance demonstrated ary

anti-correlation with the s_|gn of IMi,-component. ._after the solar wind irregularity hits the magnetopause. In
For some of the considered e"‘?ms' the IMAGE Satelllteaccordance with Kozlovsky et al. (2007), IMF affects the
data on electron auroras were available and showed the Pr€i roras 620 min after SI. Hence. the preliminary impulse
cipitation of auroral electrons together with electrons Caus+, o ~dband increase of magnetic c’iisturbances above 0.1 H,z
ing an increase in riometric absorption. Precipitations in a s well as sudden commencement absorption and aurora en,-
wide energy range could lead to the local enhancement Oﬂancement may be associated with sudden magnetosphere
ionospheric conductivity and reconfiguration of the Cu”entcompression rather than with IMF variations accompanying

syste_m. . . o . almost all SWPP events considered.
Using the simple model of ionospheric irregularity, we

have cglculated the polarlz_atlon electrllc f|¢|d outside the Ir'AcknowledgementsWe thank the Finnish Meteorological Insti-
regularity and correspondlng magnetic d_'Sturbance on thQUte and other institutes who maintain the IMAGE magnetome-
ground. The calculations show that the sign of disturbanceer array. The Finnish induction magnetometer chain is operated
depends on orientation of the background electric field andhy Sodankys Geophysical Observatory (SGO) and the induction
location of the observation point in respect to the irregularity. magnetometer on Svalbard is operated by Polar Geophysical Insti-
Note, that both factors may be regulated by the conditions irntute. The DMSP particles detectors were designed by D. Hardy

It is known that precipitations in the dayside respond to
th SWPP and IMF change. In our study we emphasized
e disturbances that occurred on the ground during 1-3 min
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(AFRL), and data obtained from JHL/APL. We gratefully acknowl- Hubert, B., Grard, J. C., Fuselier, S. A, and Mende, S.
edge the Center for Space Sciences at the University of Texas at B.: Observation of dayside subauroral proton flashes with
Dallas and the US Air Force for providing the DMSP thermal the IMAGE-FUV imagers, Geophys. Res. Lett., 30(3), 45-1,
plasma data. The BNG and AAE magnetic data are from the Ky- doi:10.1029/2002GL016464, 2003.

oto World Data Center C-2 in Kyoto, Japan. The authors acknowl-Kangas, J., Guglielmi, A., and Pokhotelov, O.: Morphology and
edge S. B. Mende and the IMAGE FUV team for providing the  physics of short-period magnetic pulsations, Space Sci. Rev., 83,
NASA IMAGE satellite data. The ACE and Wind data on the in- 435-512, 1998.

terplanetary medium are taken from CDAWeb (data providers areKawasaki, K. and Rostoker, G.: Perturbation magnetic fields and
D. J. McComas at SWRI, N Nesa at Bartol Research Institute and current systems associated with eastward drifting auroral struc-
K.Oglive at NASA GSFC). The Imaging Riometer for lonospheric  tures, J. Geophys. Res., 84, 1464-1480, 1979.

Studies (IRIS) is operated by Lancaster University in collaborationKikuchi, T. and Araki., T..: Comments on “Propagation of the pre-
with SGO and is supported by Science and Techonolgy Facilities liminary reverse impulse of sudden commencements to low lat-
Council (STFC), UK. The Academy of Finland supported work of itudes” by P. J. Chi et al., J. Geophys. Res., 107(12), 1433,
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