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Abstract. Induction magnetometer observations of daysideTheir occurrence is often associated with the electromag-
Pc1 activity at Barentsburg (BAB, Spitsbergen archipelago,netic ion cyclotron (EMIC) waves driven by the tempera-
78.05 N, 14.12 E) are combined with data from two mag- ture anisotropy of the magnetospheric plasma. Erlandson et
netometers located in Scandinavia and the Kola peninsulaal. (1990) and Anderson et al. (1992) showed that, in most
Seven events with very large negative IME components  cases, the source of pulsations is located in the inner magne-
were considered. For all of the events, the cusp location wasosphere where the EMIC instability can be initiated either by
expected to be significantly shifted equatorward from the stathe injection of hot protons during magnetic storms (Kozyra
tistical position such that the BAB magnetometer was locatedet al., 1984; Erlandson et al., 1994; Engebretson et al., 2002)
well inside the polar cap. The DMSP particle data indicatedor by the squeezing of the magnetic flux tubes after com-
that the BAB magnetometer was indeed inside the polar cappression of the magnetosphere (Olson and Lee, 1983; Enge-
whereas other magnetometers were collocated with the iondbretson et al., 2002). Of special interest are the high-latitude
spheric projections of the cusp, the low-latitude boundaryPc1 pulsations where several types and sources of such waves
layer or the boundary plasma sheet. Pc1 magnetic pulsationsave been identified. The discrete, short-lived Pc1 pulsations
were observed only at BAB. In three cases, for which Su-are mostly observed on the dayside, near the cusp area (Mor-
perDARN convection data were available, the Pc1 activityris et al., 1985; Hansen et al., 1992; Neudegg et al., 1995;
correlated with intervals of large-scale convection reconfigu-Sato and Fukunishi, 1999; Denton et al., 2002). For this rea-
ration, such that the plasma flow crossing the BAB locationson, it was suggested that these Pcl waves could be used
was associated with newly-reconnected magnetic flux tubeso determine the location of the low-latitude boundary layer
drifting tailward. The convection reconfigurations were in (llbl) or the cusp (Menk et al., 1992; Cole et al., 1982). The
response to a decrease in the IMEF component. We argue dayside, bursty ULF wave activity, similar in appearance to
that the source of the observed Pc1l pulsations is anisotropithe nightside PiB pulsations, was related to poleward propa-
plasma of the depletion layer within the magnetosheath. Theyating multiple auroral forms (Kokubun et al., 1988). Pulsa-
plasma anisotropy supports the excitation of electromagnetitions with periodic modulation of the carrier frequency, the
ion cyclotron waves that are detectable with a ground-basedo-called “serpentine emissions”, were observed in the polar
magnetometer when the flux tubes containing the unstableap, and they were related to certain structures in the solar
plasma become connected to the Earth’s ionosphere in thevind (Dovbnya et al., 2002). Finally, a possibility was con-
course of the dayside reconnection processes. sidered that dayside reconnection facilitates penetration of
pulsations from the transition layer into the magnetosphere
e(Kato and Tonegawa, 1986; Lyatsky and Safargaleev, 1989).
Clearly, studies of daytime high-latitude Pc1 magnetic pulsa-
tions can provide useful insights into the physics of the solar
wind-magnetosphere interaction.

In space, Pcl wave activity is often observed in that part
of the transition layer adjacent to the dayside magnetopause
and known as the plasma depletion layer or the magnetic

arrier (Anderson and Fuselier, 1993; Denton et al., 1993).
hese pulsations have been attributed to the EMIC instabil-
Correspondence tov. Safargaleev ity due to anisotropic plasma. The plasma depletion layer
(safar@pgi.kolasc.net.ru) itself and the fact that the plasma is strongly anisotropic here

Key words. Magnetospheric physics (MHD waves and in-
stabilities; Plasma convection; Solar wind-magnetospher
interactions)

1 Introduction

Geomagnetic pulsations in the Pcl1 frequency range of 0.1
2 Hz have been observed on the ground at various latitude
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are well known from satellite measurements (Crooker et al. tions. According to the statistics of Newell and Meng (1992),
1979). One may regard the formation of this region as an inthe cusp projection is typically located poleward of BAB.
herent attribute of the solar wind-magnetosphere interactiomhus, the BAB magnetometer would typically detect pulsa-
(Zwan and Wolf, 1976; Rezhenov et al., 1995; Pudovkin ettions originating earthward of the magnetopause on closed
al., 2002). magnetic field lines. Due to significant convergence of the
In the course of dayside reconnection, the anisotropicmagnetic field lines, the ionospheric projections of various
plasma from the transition layer can appear on the magnetienagnetospheric regions are very narrow, and this makes it
field lines connected to the Earth’s ionosphere in the neardifficult to relate the source of pulsations to specific magne-
cusp area such that magnetosheath-originated waves can baspheric regions, although Morris et al. (1982) and Cole et
detected on the ground. When the IMEcomponentis pos-  al. (1982) reported cusp and lIbl as the source regions for Pcl
itive, reconnection between the interplanetary magnetic fieldpulsations. To identify the pulsation source location more
(IMF) and geomagnetic field occurs poleward of the cusp,correctly, Menk et al. (1992) and Hansen et al. (1992) per-
and the source of Pcl pulsations happens to be inside thiermed an analysis of more extensive data sets that included
magnetosphere, on closed magnetic field lines (Lyatsky angatellite data. Also, Neudegg et al. (1995) were able to asso-
Safargaleev, 1989). For this situation, an interpretation ofciate the Pc1 source with lIbl by applying the plane wavefront
the observations is not easy in the sense that one cannot séyangulation procedure.
whether the pulsations result from reconnection or other pro- For strongly negative IMRB,, the cusp is shifted equa-
cesses. The high-latitude magnetic field lines converge totorward, so that BAB would be expected inside the polar
wards lower altitudes, and therefore it is difficult to conclude cap, and therefore connected to open field lines, whereas
from solely ground-based observations about the magnetoKIL and LOZ would still stay on the closed field lines con-
spheric location of the Pcl1 source. In addition, the waveg-nected to lIbl or the boundary plasma sheet (bps). Thus,
uide properties of the ionosphere enable the transfer of Pcihe multi-station analysis allows one to study whether iono-
wave energy from its ionospheric entry points at middle lat- spheric waveguide propagation of pulsations takes place and
itudes to high latitudes (Morris et al., 1982). Conversely, to study the location of the Pcl source with respect to spe-
when the IMFB; is negative, the source of Pcl waves can cific magnetospheric regions. The absence of ULF activity at
be located on open field lines that are carried tailward by theone of the observatories out several spatially separated ones
solar wind after reconnection (Kato and Tonegawa, 1986).enabled Kato and Tonegawa (1986) to relate Pcls with the
In this case, the association of the dayside ground-based Palusp and to estimate the signal attenuation as it propagates
waves with reconnection is very likely. through the ionosphere. In our study, an absence of Pcl pul-
In this paper we consider several Pcl pulsations events igations at the low-latitude stations allowed us to associate
the dayside polar cap to show that their occurrence can béhe observed Pcl waves at BAB with the open magnetic field
related to dayside reconnection. To achieve the goal, we anlines convecting through the polar cap.
alyze magnetic data from three significantly separated mag- In this paper we consider events for which the INBE
netic observatories together with IMF data from the WIND measured by the WIND satellite was large and negative.
satellite and plasma convection obtained from SuperDARNTo define the BAB position relative to various magneto-
radar measurements. spheric regions, DMSP particle spectrograms were used. For
three events, the ionospheric plasma convection was avail-
able from SuperDARN HF radar measurements. These latter
2 Instrumentation and methods of investigation measurements allowed us to discuss the observed Pc1s in the

context of large-scale plasma circulation.
A key instrument for this study is the induction mag-

netometer operated at Barentsburg (BAB) on the Spits-

bergen archipelago (78.08l, 14.12E, geographic, 3 Near-noon Pcl bursts during the main phase of a

MLT=UT+2.4). To investigate the possibility of pulsation magnetic storm on 28 October 2001

propagation to BAB from lower latitudes through the iono-

spheric waveguide, data from magnetometers at Kdpisj 3.1 The background conditions

(KIL, 69.02°N, 20.79E, geographic, MLT=UT+2.0)

and Lovozero (LOZ, 67.9MN, 35.08 E, geographic, On 28 October 2001 a magnetic cloud passed by the Earth

MLT=UT+2.6) were analyzed. All magnetometers were and initiated a magnetic storm of about 150-nT intensity as

operated at a sampling rate of 40Hz, so that studies ofeasured by th®,, index (Fig. 1). Magnetic pulsations in

geomagnetic field variations in a frequency band from 0.1 tothe Pc1 range were observed during the main phase of this

20 Hz were possible. To visualize the temporal changes irstorm. Figure 1 shows the WIND data during the event. The

the pulsation spectrum, FFT spectra averaged over 25 s wittime of the Pc1 activity at BAB is indicated by the vertical

~5 s overlap of neighboring 25-s intervals were employed. solid line. The leading front of the cloud reached the WIND
Besides the possibility of electromagnetic wave propagadocation at~03:12 UT on 28 October, indicated by a sudden

tion through the ionospheric waveguides, there is anotheincrease in the solar wind dynamic pressure of abeéihPa.

factor complicating the interpretation of BAB Pcl observa- Eight minutes later, the Sl-associated, step-like increase of
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the magnetic horizontal component was detected at the low,_ 20 : :
latitude station Kakioka. This time delayis5 min smaller ; 10_WWWWMMW|ND |
than the expected propagation time of the solar wind irregu-g 0 : R LM
larity from the satellite to the magnetopause estimated frorm = -10- '

the formula given by Lester et al. (1993). We will use this
formula for the estimation of propagation time for all events

#=8 Rg v=-58 Rg,

—
[

04

M,

considered below keeping in mind that the error in the time @
lag may be as large as 5 minutes. H -101
-20
3.2 Location of the magnetospheric domains 3 E‘
= 4
D‘- 4
During the event, two DMSP satellites flew above the sta- 0

tions almost simultaneously, allowing us to determine the _
location of the magnetometers relative to the boundary be =
tween the open and closed magnetic field lines. The distri-&
bution of precipitating particles was inferred from the spec- , :
trograms presented in Fig. 2. The boundaries of the inferrec 77 78 29 30
magnetospheric regions are indicated on the partial trajecto Days of October 2001

ries in Fig. 3a. It is seen that the cusp was shifted approx-

imately by 10 equatorward of its statistical position. The Fig. 1. IMF By, B; and dynamic pressure measured by the Wind
equatorward edge of the polar cap can be associated with thgatellite andDs, index for observations on 27 October—30 October
boundary between the cusp and mantle precipitations in th§001. The vertical line indicates the time of enhanced Pc1l activity
F12 data and with the boundary between the bps and pola'ln the polar cap.

rain precipitations in the F15 data. We can see that BAB
was located on the open field lines, whereas the KIL posi- : .
tion can be associatez with the cusp or part of the IIbI,loeasfg'4 Changes in the IM, component prior to the event
of the cusp. LOZ was equatorward of the llbl and bps iono-

1004

minutes). Prior to the Pcl enhancement at BAB there was
% decrease in thB, component, and the solar wind dynamic
pressure experienced a series of impulses with amplitudes
less than 2 nPa. Such pulses are very typical in the solar wind
3.3 Near-noon Pc1 bursts observed at BAB and they may not be considered as a trigger of reconnection.
The decrease @B, to zero results in the reorientation of the

The spectrograms of ULF activity at all three stations are!MF into the XZ plane. This indicates that just before the
shown in Fig. 3b. Just after 08:30 UT Pc1 pulsations wereP¢1 event the merging point on the magnetopause shifted to-
observed at BAB (upper panel), located in the polar cap 6“yvarc_l th_e_ noon meridian where the Earth’s magnetic field has
this time, however, no pulsations were detected at KIL and"© Significant y-component.

LOZ, whose positions can be associated with the cusp/Iibl . o

and bps, respectively. This spatial distribution of Pcl pul—3'5 Pcl and Pc5 magnetic activities

sations demonstrates that the pulsations at BAB were not % .
X . . . ne of the phenomena accompanying the Pcl event on the
result of simple propagation through the ionospheric waveg-

: rground was a train of Pc5 magnetic pulsations observed by
uide. Importantly, the Pcl source was located on the ope the IMAGE network. The pulsations had a regular form at all
magnetic field lines. . p g

) ) stations located on the Scandinavia peninsula but they were
The duration of the event was about 7 min, the frequencynot seen poleward of the coast line. In Fig. 4 (lower panels)

of pulsations decreased slightly from 1.1 Hz at the beginningye present the magnetic field variations at two stations only,
of mtgrval to 0.6 Hz qt Fhe end. One can discern three ConKiipisjarvi (KIL) on the mainland and Longyearbyen (LYR)
secutive bursts of activity. located~40 kilometers east of BAB. The data from other
Below we discuss several phenomena observed in spad®AGE stations show that the amplitude of pulsations in-
and on the ground in association with this Pc1 event to sup€reases toward the northern coast of the peninsula with an ab-
port our hypothesis that the observed Pcl waves were relatesence of Pc5 pulsations at LYR. Rostoker et al. (1972) found
to the dayside reconnection. Later in Sect. 5 we consider @hat pulsations in the Pc5 range appeared to attain peak in-
model that incorporates both spatial and spectral features densities at high latitudes and may be used to locate the cusp.
Pc1 pulsations. Also, Arnoldy et al. (1996) connected such Pc5 pulsations

Pcl pulsations can be associated with the poleward movin
auroral forms (Kokubun et al., 1988).
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Fig. 2. DMSP data for precipitating particles over Spitsbergen and Kola peninsula. Also indicated are the boundaries of the magnetospheric

regions.

25 Getober 2001 3.6 Pcl pulsations and enhancement of the Pykkvibaer
’ e radar line-of-sight velocity

lonospheric conditons above BAB were monitored by two
CUTLASS HF radars located at Hankasalmi (HANK) and
Pykkvibaer (PYKK). These radars are sensitive to F-region
plasma density irregularities with scale sizes of 10-15m. At
F-region heights, these irregularities move wiihkx B drift
‘ such that the Doppler shift of the received signal is the line-
: R of-sight (I-0-s) component of the convection velocity.
i In Fig. 5 we present Pykkvibaer velocity data for three
azimuthal scans around the interval of Pc1 activity at BAB.
Before the event (upper panel of Fig. 5), the velocity was di-
Uriversal ime rected mostly away from the PYKK radar and had values of
a b 300-500 m/s. At 08:35 UT (central panel of Fig. 5), two min-
utes prior to the Pc1 onset at BAB, the velocity had increased
Fig. 3. (a) The location of the magnetic observatories BAB, KIL by a factor of 2—3. Pulsations stopped when the convection
and LOZ are filled circles with the magnetospheric regions from gjowed down and echoes over BAB almost disappeared (bot-
DMSP F12 and F15 overlaidb) The spectrogram of ULF activity  tom panel of Fig. 5). The Pc1 activity at BAB correlated with
recorded at these observatories. the interval of the enhanced Pykkvibaer I-o-s velocity. The
interval of enhanced convection is indicated in Fig. 4 by a
horizontal bar.

Frequency, Hz

Frequency, Hz

Frequency, Hz

3.7 Pcl pulsations and reconfiguration of the large-scale
convection pattern

with a surface wave propagating along the magnetopauseA series of three diagrams in Fig. 6 shows the large-scale
Recently, Albes et al. (1998) proposed a method of distin-ionospheric convection patterns during the interval under in-
guishing Alfvén and magneto-acoustic oscillations; this ap- vestigation, including the period of the Pcl event. The con-
proach allows one to determine the boundary between theection maps were obtained using data from all Northern
open and closed magnetic field lines more precisely. Becausklemisphere SuperDARN radars with the map potential tech-
of the limited number of IMAGE magnetometers between nique by Ruohoniemi and Baker (1998). Before the Pcl en-
BAB and the mainland, we cannot define the boundary loca-hancement (upper panel of Fig. 6), the convection was merid-
tion from IMAGE Pc5 data other than to say it is somewhat ional west of BAB and more azimuthal, along the magnetic

equatorward of LYR, which is an additional confirmation of latitudes, close to it. The observatory (shown with the filled

our assumption that BAB is poleward of the cusp location. circle) was in an area of magnetic flux tubes drifting from



V. Safargaleev et al.: A possible origin of dayside Pc1 magnetic pulsations 3001

28 October 2001 0831 00s (301) 12.110 MHz

T0°N

60°N

Geogiaphic coordinates

0°E 15 -30“E 45°E
0834 59s (301) 12.180 MHz

70°N

F. nFa

70°N

H-component

B0°N

. ! 7 N
- J . i ' . ot
Tl | O Beogfaphic coordinates

0°E 15°E 30°E 45°E
0849 00s (301) 12.185 MHz

T0°N

T0°N

Freguency, Hz

60N

Hocomponent

Beoufanhic coordinates

08:00 0815 0830 0845 0900 %s?E_
Universal time Velocity, ms

800 600 400 200 O -200 -400 -600 -800

Fig. 4. The interplanetary magnetic fiel#®{, By), solar wind dy- . . . . . _
namic pressure (P), magnetometer X component at IMAGE stationsFlg' 5. Pykkvibaer HF radar data showing the line of sight veloc

ST . ity enhancement (negative velocities correspond to plasma motion
Kilpisjarvi (KIL) and Longyearbyen (LYR), and the Pc1 pulsations away from the radar) during the Pc1 event at BAB.
at Barentsburg (BAB) are presented.

the dusk sector. At the beginning of the Pcl wave activity drifting from the cusp area would have convected over BAB.
(middle panel), the character of convection changed dramatFrom this point of view, the Pc1 activity in the polar cap can
ically. The convection was almost meridional and directedbe related to penetration of the anisotropic plasma from the
antisunward. In the middle panel, the dashed line shows thenagnetosheath into the dayside magnetosphere. The lower
DMSP F12 footprint at the altitude of 300 km. The open cir- panel in Fig. 6 corresponds to the time after the Pcl event.
cle indicates the cusp position. The meridional plasma flowThere is evidence that the convection around BAB is once
is an indication that newly-reconnected magnetic flux tubesagain azimuthal.
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:.~| SuperDARN Convedtion Map October 28, 2001 » 08:20-08:24 UT
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Fig. 6. Changes in the convection around BAB as inferred from the Fig- 7. The SuperDARN convection vectors showing the two-cell

SuperDARN measurements. The dashed line is a partial DMSP F1fattern of ionospheric convection before (top), during (middle) and
trajectory. An open circle indicates the cusp position. after (bottom) the Pcl event. The BAB location is indicated with

filled circle. An open circle indicates the cusp position.

The convection rotation above BAB by almost'3furing of the dusk cell. During the Pc1 event, the size of the dawn
the Pcl event were seen as an increase in the PYKK l|-o-sell increased, the shape of the convection pattern became
velocity, and both effects were the result of reconfigurationmore symmetric, and BAB was within the convection flow
of the large-scale convection pattern. This is illustrated inseparating the cells. After the event, the daytime dusk cell
Fig. 7, where the two-cell convection patterns inferred from dominated again. Note that the above reconfiguration of the
SuperDARN measurements on a global scale are presentedlobal-scale convection is consistent with expectations for a
Before the event, BAB was located under the dayside parwvanishing IMFB, component (Heelis, 1984).
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Fig. 9. (a) The results of superimposed epoch analysis for 5 events of theBMEmponent prior to the Pcl enhancement. The shaded
area ist5 min from event onsetb) The variation of the clock angle between the IM; and B, components for two Pc1 events.

4 Pcl pulsations for other events with large negatives, Table 1 lists the date, time, frequency and duration of the
identified Pc1 pulsation events. In addition, the typical IMF
To search for other events, intervals for which BAB was nearB: values and solar wind conditions are presented, together
local noon and where the IMF had large negatizevalues ~ With the peakD;, index (following the event), along with the
were identified, for the period from October 2001 to Octo- availability of DMSP spectrograms. Also listed in Table 1 are
ber 2002. For such IMF conditions, the cusp footprint is ex- WO €vents for which no wave activity was observed. From
pected to be at low latitudes, and therefore BAB is expectedN® information presented in Table 1 one can make several
to be inside the polar cap. Concurrent DMSP data and Pc&onclusions.
activity were used to support this assumption.
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October event (discussed above) such plasma motion
@ @ @ very likely represented the newly-reconnected magnetic
flux tubes drifting tailward from the cusp. For the two
other cases (numbers 1 and 5 in Table 1) we were not

able to determine the location of the cusp since the
DMSP satellites were not in appropriate positions.

7. The train of Pc5 magnetic pulsations seen in the data of
the IMAGE magnetometer network near the moment of

:> Pcl pulsations at BAB had the strongest amplitude at

the station closest to the assumed location of the bound-
ary between the open and closed magnetic field lines.
No Pc5 pulsations were seen poleward of this boundary.

8. The DMSP data did not show electron precipitation

|::> which might cause discrete aurora above BAB.

9. For two periods with large negative, reported at the
bottom of Table 1 there was no Pc1 activity anywhere.

Fig. 10. Model of magnetosheath-originated EMIC waves (black

arrows) penetration into the polar ionosphere. Tube 1 is the undis-
turbed magnetic flux tube in the solar wind. Tube 2 is the flux tube
in the magnetic barrier (plasma depletion layer). Tube 3 is the re-

Note that for these events, the IMF;, component did

not decrease when BAB was located near local noon.
Also, the solar wind dynamic pressure was relatively
low, and this might be the reason why Pcl waves were

connected flux tube. Anisotropic plasma cloud is shown in gray. not generated in the magnetosheath.

. Pcl pulsations were observed during the main phase gp Discussion
a magnetic storm caused by the passage of a magnet

cloud past the Earth \?Ve have reported several cases of daytime Pc1 pulsation ob-

servations at Barentsburg (BAB) for which the observatory
. For all selected events, the DMSP data showed thatvas located inside the polar cap. To make sure that measure-
BAB was inside the polar cap, whereas the two otherments were indeed inside the polar cap, events with large
stations used in this study, KIL and LOZ, were on closed negative IMFB, component were selected. This assumption
magnetic field lines. Their location can be associatedwas supported by the DMSP particle data and IMAGE mag-
with the ionospheric projections of lIbl or bps. netometer data allowing the proper determination of BAB
and auroral zone observatories KIL and LOZ with respect

. Inall cases, no Pcl pulsations were detected at KIL ando the boundary between the open and closed magnetic field
LOZ (near the libl and bps projections). lines. We excluded from consideration morning and evening
hours because no satellite data were available and because we
were not able to determine definitely the BAB location with
respect to various magnetospheric regions by using IMAGE
magnetometers (too few stations).

Before presenting a model explaining the onset of pulsa-
tions in the polar cap, let us review and discuss the observed
The decrease of the IMB, component almost to zero features that the model should take into account. We showed

took place within a 10-min interval near the time of pul- that the pulsations were only detected in the polar cap. This
sation enhancement. This is illustrated in Fig. 9a which observat_lon rejects the possibility of |onospher|c propagation
shows the IMFB, variations at the subsolar point of the of puls_atlons from the auroral zone Iatl_tudes to the polar cap,
magnetopause. The time T=0 corresponds to the begin‘-’Vh'Ch implies that the_ source _of pulsations should be located
ning of Pc1 pulsations at BAB. Highlighted is the inter- 0N the open magnetic field lines. Hence, even though the
val of 045 min, where 5min is the uncertainty in deter- Pulsations were observed under large negaivéwhich re-

mining the propagation time of the solar wind from the sulted in the magnetic storm), it is unlikely that they origi-
satellite to the subsolar point (see Sect. 3.1). nated from hot protons injected from the magnetotail plasma

sheet, as assumed for some middle and high latitude Pcls
. For the three events highlighted in Table 1 in gray, the(Kozyra et al., 1984; Erlandson et al., 1994). Next, no sudden

SuperDARN data showed that near the time of Pcls thancreases in the solar wind dynamic pressure and electron
orientation of convection flow near BAB became more precipitation causing discrete aurora were associated with the
meridional and antisunward than azimuthal. For the 28pulsation events. Thus, the generation mechanism should be

. The discrete ULF activity at BAB lasted for 3—18 min

and had a form of single or several short-lived bursts.
The event duration seems to be proportional to the mag
nitude of B, (see Fig. 8). The frequency of pulsations

was slightly decreasing in the course of the events.
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Table 1. Characteristics of intervals when BAB was inside the polar cap.

No Date, uT f, T, B., P, |Ds¢|,nT DMSP,
dd.mm.yy Hz min nT nPa uT

1 2 3 4 5 6 7 8 9

1 01.10.01 0850 0.7 10 -10 3 150 F14, 0848

2 03.10.01 0914 0.9 18 -21 - 180 F15, 0938

3 28.10.01 0833 0.9 7 -11 5 160 F13, 0837

4 27.05.02 0845 1.3 3 -7 2 60 F14, 0816

5 04.09.02 0915 0.5 12 -12 3 100 F15, 0919

6 02.02.02 - - - -10 1.5 80 F14, 0917

7 18.04.02 - - - -11 0.6 125 F14,0711

different from those discussed, for instance, by Fukunushi estrated for the events of Fig. 8). During the event, the con-
al. (1981) and Kokubun et al. (1988). The dynamic spectrumvection velocity above BAB was about 1 km/s. Combination
of Pcls at BAB were similar to “irregular pulsations of rais- of these two values gives the size of an area of 120-180 km.
ing period” (IPRP) observed by Morris et al. (1982) near the This is smaller than the distance between KIL and the pro-
lIbl projection. These authors suggested that the IPRP mighgection of the cusp in the ionosphere, which wasS00 km.

be generated by hot protons which were captured along th&leudegg et al. (1995) obtained an estimates 890 km for
magnetopause and had become unstable after mixing witthe distance over which pulsations would disappear com-
the cold plasma of the ionospheric origin (Cole et al., 1982).pletely. On the other hand, this is of the same order as the
Since the source of IPDP was assumed to be on closed magize of the ionospheric projection of FTEs observed by Rijn-
netic field lines, the above mechanism cannot be applied tdoeek et al. (1984) in the vicinity of the magnetopause which
our cases. The so-called “serpentine emissions” (SE) werenay be considered as the size of the reconnected flux tubes.
found definitively in the area of open magnetic field lines
(Dovbnya et al., 2002), but the dynamic spectrum of SE dif-
fers significantly from that of pulsations observed at BAB.

We cannot explain the absence of discrete Pcl waves at
KIL and LOZ by poor ionospheric propagation conditions,
since the broad-band magnetic noise below 0.5 Hz behaved

It is widely accepted that the anisotropic proton plasmaSimilary at BAB, KIL and LOZ, namely, the 15-min recur-
rence of signal bursts, as seen in Fig. 3b. This similarity

can be a source of Pcl pulsations. As the magneto:

spheric lobes lack any plasma, the question is where do thg]dicates that this noise activity originated fr_om one place in_
anisotropic protons come from? We think that dayside re-"¢ magnetosphere and then propagated in the ionospheric
connection might bring the protons to the lobes. The ap-Waveguide. The series of ULF enhancements at KIL corre-

sence of Pc1 pulsations at KIL and LOZ indicates that nOlates well with an increase in the H-component at this station
ionospheric propagation occurred from high to lower lat- I(:FIE. 4_’ Epttfg;ganeg which IS mdagreehmen'F W'th 5";]“0 and
itudes. Similar observations were reported previously by ukunishi ( ), who associated such activity with mag-

Neudegg et al. (1995) and Sato and Fukunishi (1999). Thes@etic impulse events and mention.ed that in contrast to dis-
authors did not observe discrete Pcl bursts at several otf:-rete Pcls, the broad-band pulsations can propagate to large
servatories located close to the one at which the pulsationg'Stances'

were seen. They suggested that attenuation of the waves One more significant feature of this paper is the spe-
in the ionospheric waveguide was too high (of the order ofcial IMF conditions corresponding to the occurrence of Pcl
10dB/100 km, in accordance with estimations by Neudegg etvaves. This distinguishes our observations from those re-
al., 1995) to detect signals at close locations. Taking the largg@orted by Cole et al. (1982), who found no correlation be-
damping into account, Sato and Fukunishi (1999) concludedween IPRP events and the state of IMF. The most important
that the observed Pcl pulsations can only be excited withirresult is the correlation of Pcl pulsations with a decrease in
a limited area. So the absence of these waves equatorwattie IMF B, component (Fig. 9a). Pulsations were observed
of BAB suggests that we also have locally originated pulsa-near local noon and when the IMF magnetic field lines were
tions. By assuming that the source of Pcl pulsations movemostly in the XZ plane. This suggests a possible relation of
together with the convection, the data set for the 28 Octobemidday Pc1 pulsations with the reconnection process. The
event allows us to estimate the spatial extension of an are§uperDARN data support this hypothesis; they show that,
on the ground where pulsations can still be detected. As waduring the Pcl events the BAB magnetometer was located
mentioned in Sect. 3.3, the Pcl activity has a form of sev-under flux tubes drifting across the polar cap from the day-
eral bursts of 2-3 min duration (similar behavior is demon-side (very likely from the cusp) to the night-side. Also, we
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should mention the correlation of the event duration with the In the preceding explanation, one may wonder about the
IMF B, magnitude (see Fig. 8, right panel). Finally, we note reason for the plasma being squeezed away from the equato-
that the model should also explain the frequency—time derial plane. This might occur because of the transformation of
pendence of the observed Pcl spectrum. the magnetic energy into plasma kinetic energy in the course

We propose the following model for the excitation of Pc1 of reconnection. Under typical magnetosheath conditions
pulsations that encompasses all of the above listed featurg®, >p;), the plasma can be accelerated along the magnetic
(see sketch in Fig. 10). We assume that the EMIC wavedield lines to a maximum speed of 1.3\{Mihlabacher et
(which are the Pc1 pulsations) are first excited in the plasmaal., 2003). Here p and pg,are the proton pressures across and
depletion layer due to the presence of anisotropic plasmaalong the magnetic field, respectively, andi¥ the Alfven
However, these waves cannot be detected by the groundspeed. Using the AMPTE/IRM satellite data summarized by
based magnetometers as they are located outside the maBhan et al. (1994), one can estimate the Aifwelocity near
netosphere. The reduction of the IMF, component to zero the magnetopause to be 200 km/s. The simple model of
makes the IMF field lines parallel to the geomagnetic fieldthe magnetosheath used by Rezenov et al. (1995) for calcu-
lines that form the magnetopause near the noon meridiariation of the anisotropy ratio also allows us to estimate the
This creates favorable conditions for the flux lines with the gradient of the magnetic field along a magnetic flux tube.
unstable plasma to be connected to the Earth’s ionosphergor typical values of the solar wind velocity ef 400 km/s,
via reconnection, and as a consequence the magnetoshedtte distance between the bow shock and the magnetopause
originated EMIC waves are now detectable at the ground inof ~ 6Rg and the propagating time from the bow shock to
the form of Pcl bursts. Moreover, the decrease in the IMFthe magnetopause of7 min., one obtains the decrease of B
By, component would result in improved conditions for BAB by a factor of 3 over a distance 630 Rg. Assuming the
observations on those flux tubes that drift from the cusp to-frequency of Pc1 to be proportional to B, one obtains a fac-
wards the tail, since for small IMB, the ionospheric con- tor of 1.5 in reduction of the frequency per 5 minutes. This
vection cells become more symmetric (Heelis, 1984) and theestimate agrees well with the data presented in Fig. 8.
flux tubes can convect over the observatory location. Finally, we would like to mention dayside reconnection as

The correlation of the Pc1 event duration with IMEcan  a possible reason for the cusp-associated Pcl pulsations as
be understood within the above model if one assumes thapreviously discussed by Kato and Tonegawa (1986). We ap-
the duration depends on the time that BAB stays under theplied their model to observations in the polar cap and made
reconnected tailward-drifting flux tubes. The duration de-simple estimates to support it based upon our observational
pends on the amount of time that the IMF vector has theconditions. However, there are at least two difficulties with
necessary orientation, i.e. almost in XZ plane. LarBer this model that we would like to mention here. First of all,
values would yield longer intervals for which the angle be- it is important to estimate quantitatively the effect of recon-
tweenB; and varyingB, would be small enough to consider nection on the development of anisotropy.tMabacher et
that the full vector is almost in the XZ plane. In general, our al. (2003) demonstrated recently how the pressure anisotropy
data demonstrate such a tendency. Figure 9b presents the anfluences dayside reconnection, but nothing has been said
gle betweenB, and B; as a function of time for two events on the effect of reconnection on the anisotropy of the plasma.
which occurred under the largest (red line) and the smallestnsights into this effect would be crucial for our model. Sec-
(blue line) values of IMFB,. The time T=0 corresponds to ond, the presence of a plasma depletion layer is important for
the beginning of Pcl pulsations at BAB. An angle of zero the creation of anisotropic plasma. Presently, however, there
degrees represents an IMF vector in the XZ plane. For thds no common opinion on the possibility of its formation dur-
“long” Pc1 event which occurred at lardg, the IMF vector  ing negative IMFB, (Pudovkin et al., 2002). In this view,
was close (withint10°) to the XZ-plane for a relatively long it is worth mentioning an alternative model of Pcl genera-
period as compared with the “short” duration event observedion which is not based on the proton anisotropy in the mag-
at smallerB,. netosphere. The so-called “ionospheric Alfvresonator”

We can also explain the fine structure of Pcl pulsations(IAR) could be the reason for some types of ULF activity in
and why the frequency of pulsations decreased with timethe Pc1 range (Demekhov et al., 2000). The difficulty with
if we assume that reconnection occurs in an extended arethis model is that the properties of IAR in the polar iono-
such that various reconnected flux tubes take different timesphere are not well investigated and also there were reports
to reach the BAB magnetometer. Within a specific newly- on the non-ionospheric nature of near-cusp Pcls, e.g. Hansen
reconnected flux tube, the anisotropic plasma will be pusheat al. (1992).
away from the equatorial plane toward the area in the mag-
netosheath where the flux tubes are less compressed and the
magnetic field is smaller. This would result in a decrease6 Conclusion
in the local proton cyclotron frequency (as well as the fre-
quency of EMIC waves). This implies that a flux tube ar- Using data from three properly spaced high-latitude mag-
riving at BAB later would produce a new burst of Pcls at a netic stations we examined the dayside Pc1l magnetic pul-
lower frequency, exactly what is observed. sations for cases in which the most poleward station (Bar-

entsburg) was located in the polar cap. The events appeared
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to correlate with a decrease in the IMF; component to al-  Crooker, N. U., Eastman, T. E., and Stiles, G. S.: Observation of
most zero and the resulting reconfiguration of the large-scale plasma depletion layer in the magnetosheath at the dayside mag-
ionospheric convection. It turned out that for the events con- netopause, J. Geophys. Res., 84, 869-874, 1979.

sidered here the Barentshurg magnetometer was able to d&emekhov, A. G., Trakhtengerts, V. Yu., an@singer, T.. Pc 1
tect signals associated with the magnetic flux tubes drifting Waves and ionospheric Alén resonator: generation or filtration?
tailward from the noon sector, and probably from the cusp._ >60PNYs: Res. Lett,, 27, 3805-3808, 2000.

To explain the observations we assumed that the source 0 enton, R. E., Hudson, M. K,, Fuselier, S. A, and Anderson, B.

- . . J.: Electromagnetic ion cyclotron waves in the plasma depletion
the observed Pcl pulsation was the EMIC instability of the layer, J. Geophys. Res., 98, 13 477—13 490, 1993.

anisotropic plasma from the magnetosheath penetrgting iNt®enton, R. E., LaBelle, J., and Zhu, X.: Location of Pc1-2 waves
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