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Abstract. We present the results of analysis of the day- In accordance with the classification scheme suggested by
side magnetic pulsation response to a sudden change in sol&angas et al. (1986), the Sl-excited micropulsations may be
wind dynamic pressure. We concentrate on the events whedivided into three categories:

a burst or a series of short-lived bursts in the Pc1 frequency

range with the repetition period of 7—15 min were observed — Pcl events, typically “hydromagnetic chorus” emis-
on the ground around the local noon. Not every impulse of  Sions which start within a few minutes of the SI;

large amplitude caused this phenomenon. We have found
that the ULF bursts were excited when the spectrograms of
the DMSP satellites showed a signature of 10-30KkeV ions in
the vicinity of the magnetic flux tube of the ground observa-
tory, that may be related to a geomagnetic storm preceding
the event. In light of this finding a possible model of the |tis also known that the S| causes an increase in the carrier
phenomenon is suggested in which the hot protons influencérequency of the preceding “pearl-type” activity (Troitskaya
significantly both the generation and modulation of Pcl ac-et al., 1968; Olson and Lee, 1983). The pulsations of sec-
tivity. ond category pointed out by Kangas et al. (1986) as the most
interesting events are the subject of this investigation.

The statistical study of the Sl-excited short-lived bursts in
the ULF noise was started by Tepley and Wentworth (1962).
Their results indicated that only 20% of Sls are accompanied
by a single burst at middle latitudes and that most of them oc-
curred near the noon meridian. Similar results were obtained
1 Introduction later by Kangas et al. (1986) for the auroral zone. They also

found that the probability of burst excitation depended on the
There is a class of geomagnetic pulsations in the Pcl freSI’s amplitude and that during the 30 or 40 min just after an
guency range‘)( =0.1-5 Hz) for which one can identity the SI, one might see fainter bursts following the first one.
cause of their appearance. They are the pulsations observedIn the present study we concentrate on Sl-induced mi-
on the ground during the compression of the magnetosphergropulsations having the form of a sequence of bursts (SB)
by a sudden change of solar wind dynamic pressure (suddegentered neay’ = 1Hz. We will examine both the ampli-
impulse, Sl). These pulsations are often referred to as “Sliude of Sl and the state of the magnetosphere during SI to
excited micropulsations”. Olson and Lee (1983) have showrtinderstand why only some of them caused the ULF response
that the increase in the temperature anisotropy of the magne2n the ground. We will do this by analysing the WIND satel-
tospheric plasma arising from the sudden compression of théite data on solar wind dynamic pressure and the DMSP data
geomagnetic field is one of the primary causes of the wavedn hot protons in the magnetosphere.
activity observed after Sls. Thus, the Sl-excited micropul- The paper is organized as follows. In Sect. 2 we describe
sations, when studied, can provide insight into the internalbriefly the instrumentation used. In Sect. 3 we present the

— short-lived bursts of ULF emissions;

— cases where Pcl pulsations are delayed by more than
30 min.

Key words. Magnetospheric physics (solar wind — magne-
tosphere interaction; MHD waves and instabilities; storms
and substorms)

structure of the magnetosphere. morphological features of SBs. In Sect. 4 we examine the
hot proton fluxes measured by the DMSP satellite, examin-
Correspondence toA. Kozlovsky ing which particles seem to be associated SBs. In Sect. 5 the

(alexander.kozlovsky @oulu.fi) phenomenon is discussed in light of preceding geomagnetic
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Fig. 1. The amplitude-frequency response of the induction magne-
tometer in LOZ.

5
5
g
activity. In Sect. 6 we summarize the results and discuss the 3
possible scenario of SB generation. Section 7 is a brief con- Yy
clusion. [sour
e A
Universal time

Fig. 2. An example of series of ULF bursts excited by a sudden
change in solar wind dynamic pressure. From top to bottom: the so-
lar wind pressure variations at the WIND satellite, sonograms from
The key instrument used in this study was the automatidwo magnetic stations (Lovozero and Sodankyla), variation of the
magnetic station (two-component induction magnetometerﬁeomagnetic field in the auroral zone and at the equatorial station
installed at the observatory Lovozero, LOZ, (678  AddisAbaba.

35.02 E; MLT = UT + 2.6 h). The high resolution magnetic
data from the Sodankyla geophysical observatory, SOD
(67.37 N; 26.63 E; MLT = UT + 2.1h), which is located

approximately 500 km west of LOZ, were also analyzed forz 1 a case study: Sl excited bursts on 8 January 1998
comparison.

The LOZ induction magnetometer operated at the sam-An example of the ULF response to sudden impulse is pre-
pling rate of 40 Hz, which allowed for the registration of sented in Fig. 2. Variations of solar wind dynamic pressure
magnetic pulsations in a frequency band from 0.1 to 20 Hz.measured by the WIND satellite are shown in the top panel.
Since the data used were not corrected for the frequency reFhere were three sudden impulses which occurred at about
sponse, we present the amplitude-frequency characteristic d¥7:30 UT, 08:30 UT and 09:15 UT. All Sis caused a step-like
the magnetometer in Fig. 1. The vertical scale in Fig. 1 corredncrease in the magnetic X-component at the equatorial sta-
sponds to the magnetometer’s output amplitude in responstion Addis Ababa, AAE, (9.02N; 38.77 E; MLT = UT +
to a constant-amplitude sinusoidal input signal of varying 2.3 h), shown in the bottom panel. The amplitudes of Sls in
frequency. To construct the sonogram showing the develspace and on the ground were 4.0 nPa, 1.8 nPa, 7.2nPa, and
opment of a pulsation spectrum in time, the power spectra o0 nT, 20nT, 30 nT, respectively. The velocity of the solar
the magnetic signal were calculated for the intervals®®s  wind was 350 km/s; thus, the one hour delay between the S
in duration (1024 samples) taken with-a20 s overlap. This  in the WIND and AAE data corresponds to the propagation
yielded not more than a 20 s error in definition of pulsation time of the solar wind discontinuity to the magnetopause.
enhancement in a sonogram. The digital records of the data The sonograms in Fig. 2 show the Sl-induced pulsation
at SOD were produced with the sampling rate of 20 Hz. activity. Both observatories were near the noon meridian at

2 Instrumentations

3 Results of observations
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Table 1. Characteristics of sudden impulses and accompanying ULF activity in Pc1 frequency range

No. Date K, Ap, AX, N T, First burst Particles
Day Time nPa nT min  f,, AfIAt, MLAT  Time, UT
uT Hz  Hz/min degs (satellite)
1 2 3 4 5 6 7 8 9 10 11 12
1 24.10.97 11:15 4 55 40 1 - 08 « - -
2 241197 0725 2 2.8 15 >10 15 0.7 uncl 66.5 07:35(F12)

68.6  08:56 (F14)
67.0 09:17 (F12)

3 08.01.98 08:35 2 4.0 40 5 15 1.0 0.33 - data gap
4 09:40 3 1.8 20 4 15 1.2 o 63.0 09:50 (F14)

5 10:20 3 7.2 30 7 uncl uncl uncl - —

6 01.02.98 09:05 3 3.2 25 1 - 0.8 0.15 - -

7 18.02.98 08:19 4 1.0 7 3 12 1.0 uncl 65.0 08:38 (F12)
8 08:45 4 3.5 35 6 12 1.1 x - -

9 30.04.98 09:35 3 6.5 60 1 - 1.3 0.50 68.5 10:15 (F14)
10 03.05.98 07:45 5 12 130 2 5 15 68.4 07:54 (F14)

11 26.06.98 10:20 4 10.5 35 2 15 2.6 0.60 - -

12 26.08.98 06:50 5 6.5 100 1 - 1.3 -0.25 - -

13 02.10.98 07:25 5 5.2 80 3 15 1.6 0.45 66.0 07:53 (F12)
14 07.11.98 08:20 3 25 35 >20 10 1 x 66.0 08:55 (F12)
15 21.04.99 07:00 3 2.0 5 1 - 11 - -

16 07:30 3 3.2 40 4 10 1.3 x - -

17 22.09.99 12:20 5 8.8 40 1 - 10 « - -

18 12:30 5 7.2 10 7 7 1.7 0.25 - -

19 26.11.00 08:00 4 10.5 40 7 10 1.7 1.25 - no data
20 23.01.01 10:50 4 5.5 30 >10 10 1.3 2.0 - no data

thattime. Itis seen that every Sl was accompanied by a seriethose events are presented in Table 1. In the second and third
of short-lived bursts, with the center frequency near 1 Hz.columns we indicate the start times of the events in the sono-
The number of bursts is more than 10. The period of thegram. ThekK, index for the 3 h interval, including the mo-
burst sequence (repetition period) is about 15 min and doement of Sl is in the fourth column. The Sl amplitude in space
not vary significantly during the interval. The duration of the and on the ground is presented in the fifth and sixth columns,
event is 2.5h. The form of activity in the LOZ sonogram is respectively. The next two columns contain the information
very close to that in SOD. The onsets of bursts in LOZ andabout the number of bursts in the series and the repetition
SOD also coincide. period. In the ninth column the center frequency of the first
The pulsation activity following the SI with a form of a burst is given. The frequency rate, defined in the next sec-

single burst or sequence of bursts (SB) is the subject of thigion, is indicated in the tenth column. Some characteristics
study. of DMSP flights above the Scandinavian and Kola peninsulas

are presented in the two last columns and will be discussed

3.2 Statistical features of the Sl-excited bursts of the ULFiN more detail in Sect. 4.
noise

3.2.1 Signal dispersion
We have analyzed the solar wind ion pressure data through
the periods from June 1997 to January 2000 and fromFor some events, the bursts in the sonogram look like nar-
November 2000 to February 2001. Sometimes the WINDrow bands of rising or falling frequency. We illustrate this in
trajectory passed far away from the Earth (near Rg® To Fig. 3 where an SB event with the first burst is shown (some
define correctly the moment of magnetospheric compressionnore examples of dispersive bursts can be found in Fig. 8).
we also examined the data from magnetic equatorial station§he ULF activity on the ground was initiated by a sudden
Addis Ababa, Alibag (ABG, 18.63\; 72.87 E; MLT = UT impulse with the intensity of 5nPa. The solar wind velocity
+4.5h) and Lunping (LNP, 25.00N; 121.17 E; MLT = UT was~700 km/s, so the delay of Sl in a AAE magnetogram in
+ 7.7h). Altogether, 196 events were analysed. Only 20 SBFig. 3a corresponds to the propagation of the front of irregu-
events were found to follow the SI. (We do not consider herelarity from the WIND satellite to the Earth.
other forms of the ULF response.) Some characteristics of The dynamic spectrum of the first burst is presented in
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Fig. 4. Excitation of the ULF burst and the increase of the “pearls”
carrier frequency during the magnetosphere copmpression.

rather complex form of ULF activity (for instance, the signal
superposition which occurred after 10:00 UT in Fig. 2). For
this reason we have estimated the frequency rate, calculated
as Af/At, for the first burst only. Here\f is the differ-
ence between the maximum and the minimum frequencies
of a raising tone, and: is its duration (see also Fig. 3). The
results are presented in Table 1 in the ninth column. Here
the sign “—" means that the frequency is decreasing, the sym-
bol “uncl” corresponds to the cases of unclear dispersion. In
some cases the value af was less tham\r accuracy (40s,

as was mentioned above). Those events are indicated by the
symbol “c”. It is seen from Table 1 that for most of the first
bursts the frequency increases in time. In Fig. 4 we present an
example of the superposition of the SB event with the preced-
ing activity of the “pearl” type. The Sl caused the increase in
the carrier frequency of the pearls. Note that the frequency of
the burst increases faster than the frequency of a single pearl
as well as the carrier frequency.

3.2.2 MLT distribution and relation to SI amplitude

We have analyzed 180 positive and 16 negative sudden im-
pulses of different intensity. No negative Sl (i.e. sudden de-
crease in solar wind dynamic pressure) caused the SB event
on the ground, whereas the probability of observing the SB

The same as in F|g Ib) The dispersive characteristics of the first after pos|t|ve Sl was-10%. For Conver"ence, we Sha” use a

burst (top) and the result of signal filtering in two frequency bands (o m “YES events” to denote the sudden impulses with SB.
(bottom).

In contrast, the Sls which were not accompanied by the ULF

Fig. 3b with a higher resolution. The frequency of the signal activity will be referred to as “NO events”.

increases by f = 0.7 Hz duringAr = 90 s. Approximately

All “YES events” were detected in LOZ and SOD in

the same value oA: is obtained by the comparison of two the local time interval between 09:00 and 16:00 MLT (see
filtered signals in Fig.3b (bottom). The amplitude of the sig- Fig. 5a). In this MLT sector only 74 Sis occurred, and the
nal in the band of 0.8—1.2 Hz is 11®2nT, and it decreases probability of “YES event” is about 27%, with maximum
to the value of 0.8.0-2nT for the signal filtered in the band near 10:00 MLT. There is also dawn-to-dusk asymmetry in
of 2.2-2.6 Hz.
It was difficult to define the dispersion of all bursts due to a the morning sector.

the MLT-distribution with a much more abrupt decrease to
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Fig. 5. (a)MLT distribution of “YES events”.(b) Number of Slis versus the Sl intensity (SIs with ULF bursts after them are indicated with
black). (c) Probability of “YES events” as a function of Sl intensity.

In the Figs. 5b and ¢ we present the probability of the4.1 The difference between “YES events” and “NO events”
SB occurrence as a function of SI amplitude. The diagram in hot proton data
in Fig. 5b shows the occurrence of both all SIs and “YES

events” (the latter are indicated as black squares). Note thafpe main result obtained may be formulated as follows. Dur-
the number of Sis decreases wit.h the SI amplitude. For €Xing the “YES events”, the spectrograms show signatures of
ample, only 4 Sis have the amplitude8 nPa for the Sis of  precipitating protons with energy more than 10 keV. During
this investigation, which is 13 times less than the number of\Q events”, the precipitating particles are absent. This dif-
Sls between 1 and 4 nPa. For this reason, the probability oference is illustrated in Fig. 6. We have chosen for compari-
“YES events” in Fig. 5c increases with the Sl intensity. son two SlIs which occurred approximately at the same local
) o ) time and had amplitudes of 2.5nPa and 3.5nPa. The Sl in
3.23 Rela_tlon to var|at|0ns_ of plasmz; pressure in the SOFig. 6a is a typical “YES event” as it is accompanied by the
lar wind and long-period magnetic pulsations on the geqence of the ULF bursts. Some numerical characteristics
ground of this SI and accompanying ULF activity are shown in Ta-
ble 1. In contrast, there was no ULF activity after a rather
intense Sl presented in Fig. 6b. We classified this Sl as a
“NO event”.

d Open arrows in the spectrograms indicate the moments
concluded that only a small number of the ULF bursts in theOf DMSP F12 flight above Scandinavia. The appropriate

series seems to be connected with ion pressure variations fi29ments of F12 trajectories are mapped in Fig. 6¢. The
the solar wind. In particular, it is seen in Fig. 2 and in two T@J€Ctory corresponding to the “YES event” is emphasized
other cases, which are presented in Figs. 6 and 9 and will b¥/ith @ bold line. The spectrograms along the trajectories
discussed later in connection with DMSP observations. Not?€ Presented in Fig. 7. The spectrogram (a) is obtained
that the first burst for the events in Figs. 2 and 4 is more in-durlng a "YES event” and spectrogram (b) corresponds to

tense than for the events in Figs. 6 and 9 when the solar wind "NO évent’. During the "YES event’, the satellite ob-
pressure increased more slowly. served hot £10keV) protons near 08:55:16 UT. In spectro-

The variations of the geomagnetic field at the nearby auJram (a) these protons are shown as a dark area betwéen 67

roral zone station and at the equatorial station are showﬁ‘nd 6_8 MLAT. In_ Fig. 6¢ the ionospheric projection OT t.h's.
below each sonogram. As in the case of the solar wing@reais shown with a black square. There are no precipitating

pressure, there is no “peak-to-peak” correlation between th§rotons along the satellite trajectory during the “NO event”

long-period magnetic pulsations on the ground and the UL in spectrogram b).
bursts. There were 9 “YES events” when DMSP was above Scan-

dinavia. The precipitating protons with energyl0 keV

were detected during all of these events. The position of the
4 Observations of hot protons in the dayside magneto- equatorial boundary of the precipitation region and the mo-

sphere during Sl ment of observation of hot protons are given in Table 1 in the

two last columns. We have also examined 8 “NO events”.
In this section we present the results which we obtained fromThe dates of their occurence are listed in Table 2 (second and
the analysis of DMSP spectrograms when the satellite washird columns). TheX, index for the 3 h interval, including
above the Scandinavian and Kola peninsulas. the moment of Sl, is in the fourth column. The SI ampli-

Approximately half of the SB events under consideration
lasted for more than 2h and demonstrated a good period
icity. Namely, the ULF bursts recurred with a period of 10—
15 min. We compared these events with solar wind data an
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Fig. 7. Comparison of two spectrograms of DMSP F12 for the evéajtand(b) in Fig. 6.

tudes in space and on the ground are indicated in the fifthd.2 Features of precipitating region
and sixth columns, respectively. The last column contains

b

a flight time of the satellite above the Scandinavian or Kolatpq spatialtemporal ambiguity appears every time when in-

peninsulas. Itis important that DMSP did not detect any hotye preting the satellite data. Our data shows that the hot pro-
protons in the dayside magnetosphere beloWMDAT dur-

ing these events.

tons were observed independently from the burst, namely
sometimes the satellite detected the protons before the ULF
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Fig. 8. Excitation of the ULF burst in relation to the moment of observation of hot protons (the interval of proton precipitation is marked
with two vertical lines).

burst enhancement, and sometimes the precipitation fOI'TabIe 2. List of the sudden impulses which have not excited ULF
lowed the ULF burst. There were also events when the bursk ity to be observed on the ground
and the particles were seen simultaneously. Two examples of

observation of the hot protons before and after the burst are

o . ) : Data Time K, Ap, AX, Flight time, UT
presented in Fig. 8. The vertical bold lines in the sonograms uT nPa  nT (satellite)
indicate the interval of observation ef10 keV protons from
the satellite. The precipitating protons are seen<@80s 1 2 3 4 5 6 7
(note that it is less than the burst duration). So, we thinkthat 1 231097 0805 2 15 20 08:45-08:49 (F14)
the observed precipitations are a spatial rather than atempo-2  31.03.98 07:30 3 15 20 07:59-08:01 (F14)
ral feature, and satellite detected them when passed through3 08.05.98 08:00 3 1.0 25 08:34-08:37 (F14)
the precipitating region. The width of this region in the iono- 4 09:52 4 30 60 10:16-10:19 (F14)
sphere is about®MLAT (~100km), which corresponds to 5 03.0898 10:45 2 25 15 10:47-10:51 (F14)
~0.8R in the magnetospher is the Earth’s radius). 3 ii-ég-gg 8;528 g gg ig 8;23‘83522 E";ig

For all “YES events” with proton precipitation mentioned § 221199 0950 4 20 15 10-35-10:39 (F14)

above, the satellite’s trajectories passed in the vicinity of the
midday meridian. Below we discuss a case on 24 November

1997 when the data from two satellites were available and

one of them passed the high latitudes from dusk to dawnthose events, the satellite F13 flew almost along the magnetic
This event is described in Fig. 9. The gradual compressiormeridian and crossed the auroral zone twice: first in the dusk
of the magnetosphere resulted in the ULF activity in the form(near 07:40 UT on 24 November 1997 and near 09:20 UT on
of SB (see sonogram in Fig. 9a). In Fig. 9b we present the7 November 1998) and a few minutes later in the dawn —and
spectrograms from F12 and F13 satellites obtained along thdetected the hot protons in the dusk only. So, the precipitat-
fragments of trajectories shown on the MLT-MLAT diagram ing protons are observed mostly in the noon; there are a few
in the right bottom corner. The precipitating protons are seerexamples when they are also seen in the dusk but we have
in the midday and evening sectors, but are not detected ifiound no precipitation in the morning. This MLT-distribution
the morning. The absence of hot protons at dawn was alsof precipitating protons during “YES events” is the third re-
found during “YES events” 2 and 14 (see Table 1). During sult of the present study.
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Fig. 9. Hot protons in the dayside magnetosphere during the “YES evéa)'Variations of dynamic pressure on the WIND satellite (top

panel), corresponding increase of geomagnetic field at equatorial station (bottom panel) and ULF response in dayside auroral zone (middle
panel).(b) DMSP particles data in the dawn, midday and dusk sectors of magnetosphere. The precipitating areas are indicated in the diagram
(right bottom) with black squares.

5 Relationto K, and Dy; indexes is seen that the intervals on the left, on average, have more
negative changes ib,,; before the times when the SBs were

It is known that some type of Pc1 pulsations correlates with€Xcited. One can also see that those negative changes have

the global geomagnetic activity estimated by tig index the form typical for magnetic storms. So, we conclude that

(Kangas et al., 1998). Our data demonstrate such a tendend{)® Seguence of bursts, as well as the hot protons shown in
as well. As one can infer from the tables, thgs reaches 5 the DMSP spectrograms, occurred at the end of the recovery

for some of the “YES events”, whereas the “NO events” cor- phase of the weak or moderate magnetic storms (except for
respond to thek ,< 4. But it is necessary to note that the the event on 30 April 1998, when the ULF response had the

mean values oK, do not differ significantly K ,~ 3 and form of a single burst). In contrast, the Sls, which occurred

K ,~ 3.5 for “NO’Fand “YES” events respectivgly). under quiet magnetic conditions, did not initiate the ULF ac-
. ] tivity.

In accordance with the statistical model based on DMSP y

data (Hardy et al., 1989), the precipitating protons with ener- |, our study the precipitating protons were detected in-
gies>10keV are observed between 65 and 70 MLAT aroundside the ionospheric projection of the central plasma sheet
noon when the&, index is large K, = 5 in the paper cited).  (indicated asps on the spectrograms in Figs. 7 and 9) and
For the low and moderate activitk{, = 1 andK, = 3), the  should be of the inner magnetospheric origin. We think that
average energies of protons in this MLAT-MLT sector do not they are the low-altitude signature of hot protons injected
exceed 10keV. In principle, this is also consistent with our o the dayside magnetosphere from the magnetotail dur-
results. In fact, some “YES events” occurred during Very ing the magnetic storm. These protons were reported earlier
disturbed intervalsK, = 5), whereas for “NO events” the  py Borovsky et al. (1998) as a “superdense ion plasma sheet”
K, varied from 2 to 4. But it is again necessary to note, thatappearing around the Earth during the magnetic storm. Since
the mean value ok, is 3 for the “NO events” and is 3.2 the appearance of hot protons on the DMSP spectrograms
for those “YES events”, when hot protons in the DMSP datagoes not coincide in time with the ULF burst (see Sect. 4.2),
were observed. we think that the interaction with cold plasma of the plasma-

A more distinct difference in geomagnetic conditions for spheric origin rather than the magnetospheric compression
“YES” and “NO” events may be found if one compares the is the reason for their precipitation. Such plasma is often
Dy, variations for the two days preceding the event. In observed in the afternoon-dusk sector after magnetic storms
Fig. 10 the day of the event is indicated as the day “0”. It (Carpenter et al., 1993).
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6 Summary and discussion YES everts MO events

The principal findings of the investigation of ULF burst-like 24.11.87 onT 23.10.97 onT

responses to sudden changes in the solar wind dynamic pre: { _ N
based on the dat [ than 2 th -200 -

sure _as.e on the data covering more than 2 years are 08.01.98] 31 0% 95 200

following: e e

1. About 10% of the positive Sls were accompanied by 18.07 98
ULF activity in the form of a single burst or a series of o
bursts (SB) with a center frequency near 1 Hz. The first
burst in the series was the most intense, with the ex- 2004 98 n 0308 98

080598

ception of cases when the solar wind pressure increase! i | _mww:

slowly. In most cases the frequency of the first burst

increased at the mean rate of 0.75 Hz/min. 03-05-98«—4-%\“ 1612981 | il
2. Repetmon perlpd of the bursts did _not vary S|gn|f|cantly 02.10.98 11.02.99

during the series, but may be different for different T et

events (7—15 min). Some SB events lasted for 3 h. There ] i T -

is no peak-to-peak correlation between bursts in a series(j7 11 .98 5311 99

and variations in plasma pressure in the solar wind, as ISl 1 |

well as long period magnetic pulsations on the ground.

-2-10 210

3. SBs were observed near local noon. Days Days

4. There is no significant dependence of the SB occurrencgig_ 10. Comparison of preceding geomagnetic activity for “YES

on Sl amplitude. But the probability of the SB excita- ¢ ents” and “NO events”. The day “0” means the day when S
tion seems to be large for large SI. response was examined.

5. In half of the “YES events”, the DMSP trajectories

passed above Scandinavian and Kola peninsulas. Dufzegited in the ULF activity on the ground and suggest the

ing these passes the satellites detected precipitating P'%ossible scenario of SB generation.
tons with energy-10keV near the midday meridian at ~ \ye think that the precipitating particles are the low-

geomagnetic latitudes below 70There are afew cases iy e signature of the hot protons in the magnetosphere.
when the hot protons were also seen in the dusk part ofrye hroton distribution in the dayside magnetosphere was
trajqcto‘fy but none Yvere observed in the morning Sec'f,orstudied by many authors. In particular, Sergeev et al. (1997)
During "NO events, hot protons were not observed in reported a model based on NOAA low-altitude spacecraft
the midday magnetosphere. data. Borovsky et al. (1998) used the data of geostationary

6. The precipitating protons do not seem to be due to thesatellites. The most comprehensive study of the DMSP data

wave-particle interaction, since they were seen indepenWas made by Hardy et al. (1989), which resulted in the sta-

dently from the burst enhancement. t|st|cal- model of ion distribution. '
We interpret the absence of hot protons in the DMSP spec-

7. Almost all of the “YES events” mentioned in 5 occurred trograms (near noon during “NO events” and in the morning

atthe end of the recovery phase of the weak or moderatéor "YES events”) as the absence of hot plasma in the dayside
magnetic storms. magnetosphere. The gap of protons with energp keV in

the prenoon sector aboved0AT was reported by Hardy et

The most comprehensive study of Sl-excited ULF burstsal. (1989), Liemohn et al. (2001) and it seems to be a spatial
was made by Tepley and Wentworth (1962) and Kangas et alfeature of distribution for both high and moderate levels of
(1986). But they did not concentrate on the series of burstsctivity. In the midday magnetosphere, the presence of hot
and did not compare them with satellite data. One SB evenprotons correlates in our data with magnetic storm activity.
with the repetition period of 5 min in the magnetosphere was The growth rate of the IC instability may be rewritten as
reported by Rasinkangas et al. (1994). Recently, Engebret-
son (2001) reported two types of pulsations in the 0.1-0.4 T, 1)) w—Q\?
frequency band generated in the compressed magnetosphefe™ §2- N (Tll <1 N 5) N ) exp(—( B ) ) - (@)
Thus, the results listed above are new, except for points 3
and 4, which we present here to extend the published statisnherey is the local coefficient of amplification is the wave
tics of the phenomenon. We emphasize that points 5-7 ar&requencys2 is the gyrofrequency of iongj; and7, are the
the most important results of our study and may promote arion temperatures along and across the magnetic field, respec-
understanding of why it is the case that not all of the Sistively, Nj is the concentration of hot ion® is some coef-




1760 V. Safargaleev et al.: Bursts of ULF noise excited by sudden changes of solar wind dynamic pressure

ficient (see Kangas et al., 1998). As hot protons contribute In conclusion, the existence of hot protons in the dayside
significantly to the IC instability growth rate, we assume that magnetosphere may play an important role both in the IC in-
their absence is a possible reason of “NO events”, as welktability development and in the generation of the modulating
as of non-observation of the ULF response in the morningwave.
sector. The modulated phenomena without modulating wave sig-

Itis seen from Eq. (1) that the amplification of the IC-wave natures were reported earlier by Barfield et al. (1977) for pe-
is also defined by magnetic field compression (via gyro-riodical Pcl activity and by Wright and Yeoman (1999) for
frequency and anisotropy rati@, /7). So, another reason the periodicity in the DOPE sounder data. The modulating
for “NO events” may be the non-excitation of the long-period wave may not exhibit simultaneous ground magnetic signa-
compressional wave causing the periodic growth of IC in-ture due to the following reasons. First, the modulating wave
stability. There are two possible mechanisms of generatiormay be a highn wave which cannot be resolved by ground
of this wave inside the magnetosphere-periodic variations oinagnetometer. Note that the compressional waves with a
the solar wind plasma pressure and/or resonant oscillationkrge azimuthal wave number are the waves generated in the
of the magnetosphere. Since we do not find the correspondabove mentioned model by Denton and Vetoulis (1998). Sec-
ing variations in the solar wind (see Sect. 3.2.3), the latterond, although the wave has an Adfy component, it does not
mechanism seems to be more preferable for explaining theeach the ionosphere. This may be due to a specific distri-
SB events. In the magnetospheric plasma, the compressionbaltion of plasma along the magnetic field line (Safargaleev
mode should be coupled with An mode. We think that and Maltsev, 1986). The wave does not lose the energy in the
this mixed wave is the wave that modulates the growth ratdonosphere and exists for a long time without damping.
of the IC instability in the magnetosphere, as it was suggested The first burst may be better manifested due to the contri-
by Rasinkangas et al. (1994) (see also Lyatsky and Plyasovasution of the front of disturbance. We noted in Sect. 3.2.1
Bakunina, 1986; Anderson and Hamilton, 1993). For brevitythat A f/Ar for the burst differs from that for another well-
we will use the term “modulating wave”. known dispersive wave phenomenon called “pearl” pulsa-

The global oscillations of the magnetosphere with a strongtions. This may mean that different factors cause these phe-
compressional component were discussed by many authorsomena. In accordance with Kangas et al. (1998), the fre-
(Dungey, 1963; Kivelson et al., 1984; Denton and Vetoulis, quency of IC wave may be estimated as
1998 and references therein). Most of the studies mentioned
try to explain the compressional Pc 4-5 magnetic pulsationsw = (1 - T”/TL) Q@ (3)
in the period range under 600 s. In our data the 15-min mod-and it increases if the anisotropy rati,/ 7', as well as the
ulation of ULF activity is a typical case. Since no accom- gyrofrequency of ions, increase during the magnetosphere
panying magnetic disturbances of the same periodicity areeompression. The model of Trakhtengerts et al. (2000) as-
seen on the ground, these waves might be considered beyorsimes constant anisotropy of energetic protons and suggests
the scope of studies in the past, although the larger periodthat the pearl frequency increases due to reflection properties
might be obtained from Dungey’s formula for estimation of of the ionosphere.
the resonant period (Dungey, 1963): In conclusion, the fact that only a few Sls are accompa-
T() ~ 0.6R* @) nied by ULF activity on the ground may be easily under-

e stood in the frame of the following qualitative model. A

whereRyg is the radial distance to the resonator wall taken in sudden change in the solar wind dynamic pressure excites a
the Rg units. The substitution of the radial distane6.2 R magnetic disturbance with mixed AEn and compressional
and 5.6Rg to Eq. (2) givesT~15 minutes and’~10 min, modes inside the magnetosphere. If the dayside magneto-
respectively. It is interesting that this is close to a distancesphere is filled with hot (10-30keV) protons, this distur-
to the region of hot protons observed during the event on 7bance has a form of the long-period oscillations. The com-
November 1998 betweeh = 6 andL = 5.5 (in Tsyga-  pressional mode of the disturbance causes a periodic modu-
nenko, 1989 model). lation of the ion-cyclotron instability of the magnetospheric

A more detailed model of Kivelson et al. (1984) described plasma. The hot protons also contribute to the IC-instability
the resonant oscillations of the magnetosphere during quiegrowth rate. Since the modulating wave is the highvave,
magnetic conditions. In our case the SB events occurred unit is not detectable on the ground, and the phenomenon is
der rather disturbed conditions and the presence of hot promanifested in ground magnetic data as a sequence of the ULF
tons in the dayside magnetosphere should be taken into adursts having a central frequency around 1 Hz and a repeti-
count. Perhaps the “superdense plasma sheet” (Borovsky ¢ion period of the order of 7—15 min.
al., 1998) forms a cavity inside the magnetosphere, which In general this model agrees with the suggestion by Ander-
may be a resonator for Dungey’s oscillations. Note also thason and Hamilton (1993) that for Pc1 generation the dayside
the model by Denton and Vetoulis (1998) supposes the genmagnetosphere should be near marginal stability for IC wave
eration of a poloidal mode in the presence of hot plasma engeneration. In particular, it is expected that when the dayside
hancement betwedn= 5.9 andL = 7.4 with specificradial magnetosphere is filled with hot protons, the recovery phase
profile of plasma pressure. This spatial feature may also bef the magnetic storm would be the most favourable condi-
formed due to storm-time injection. tion for the IC wave generation (see Erlandson et al., 1994).
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