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Abstract. The effects of energetic electron precipitation into related to the meridian passage of a coronal hole in June—
the auroral region at a time of enhanced solar wind havelJuly 2005, further results of which will be reported else-
been investigated during a continuous period of 24 h, usingvhere. A large coronal hole extending from the solar north
the European Incoherent Scatter (EISCAT) radar, an imagpole to the equator had been observed over several solar ro-
ing riometer, and particle measurements on an orbiting sateltations, and, using the history and EUV observations made
lite. The relative effects in the E region (120km) and D with the SOHO satellite, together with solar wind data from
region (90 km) are found to vary during the day, consistentACE (both at the L1 point), a prediction was made for the
with a gradual hardening of the incoming electron spectrumtime of its meridian crossing at the end of June and the con-
from pre-midnight to morning. Whereas the night spectrasequent solar wind enhancement at the magnetosphere. Ar-
are single peaked, the daytime spectra are found to be doublangements were made for the EISCAT radars to be operated
peaked, suggesting the presence of two distinct populationsat a time when ionospheric effects attributable to the crossing
A comparison between the radiowave absorption observednight be observed.
with the riometer and values estimated from the radar data The prediction proved to be accurate. The radar was op-
shows generally good agreement, but with some discreparerated from 10:00 UT on 1 July. The solar wind began to
cies suggesting the occurrence of some small-scale featuremcrease at 13:03 UT at Wind and at 13:33 UT at ACE on
The height and thickness of the absorbing region are estithat day, and reached a peak velocity exceeding 600 km/s at
mated. Two periods of enhanced precipitation and the relate@3:00 UT, thereafter declining gradually over several days.
radio absorption, one near magnetic midnight and one in thé'here was no coronal mass ejection (CME) accompanying
early morning, are studied in detail, including their horizon- this event. Terrestrial magnetometers recorded a sudden
tal structure and movement of the absorption patches. commencement at 14:12 UT, which was followed by mod-
A sharp reduction of electron flux recorded on a POESerate activity lasting several hours. TKg index was in the
satellite is related to the edge of an absorption region delinfange 4- to 4+ between 15:00 UT on 1 July and 03:00 UT
eated by the imaging riometer. The observed particle flux ison 2 July, and the auroral electrojet index AE was enhanced
compared with a value deduced from the radar data duringver the same period, peaking at almost 1000 nT.
the overpass, and found to be in general agreement. The present communication is concerned with the devel-
opment and properties of energetic electron precipitation and
its consequences observed over Northern Scandinavia during
a continuous period of 24 h. Topics of particular interest are
the relative magnitudes of effects in the ionospheric E and
D regions, the spectra of the incoming particles, and related
1 Introduction radio-absorption phenomena.

Keywords. lonosphere (Auroral ionosphere; lonospheric
disturbances; Particle precipitation)

The opportunity for this study arose from a more general in- _
vestigation into the terrestrial effects of enhanced solar wind2 Observations

Correspondence to: J. K. Hargreaves Several of the EISCAT radars in northern Scandinavia were
(j.hargreaves@lancaster.ac.uk) operated to cover the period from 10:00 UT on 1 July until
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— ogie1000=2400 UT, 70:“130 kin Table 1. Reduction of electron density to 5-km steps.
1z0 " N
m‘ . | Nominal height Range of values
‘ | . (km) averaged (km)
110 ' . . 60-100 +1
! -100 105 +2.5
110-115 +1.5
- 120 +2
125-130 +1.5
=B.0

7o

The POES series of NOAA satellites are in sun-
synchronous orbits at altitude 850km (Evans and Greer,
2004). Their instrumentation includes electron telescopes

6.0

log{Ne}: 0000 - 1000 UT, 70 - 130 km pointing @ and 90 from the vertical direction. For conve-

nience these are called the &d 90 telescopes. At auroral
1zo latitudes they are centred about°1l@nd 102 with respect
to the magnetic field direction. Their reception cones have
-uo  half-angles of width 15 The data from each detector are
analysed to give the counting rate in three energy ranges:
-0 30-2500 keV, 100-2500keV and 300-2500 keV. The count
rate may be converted to the flux in cAs 1sr-! by mul-
-*'  tiplying it by a factor of 100, which represents the geomet-
ric factor of the instrument. The four satellites are at differ-
j o’ ent local times, thus providing some longitude coverage; the
number of measurements at a given location is also limited
(and not always in a predictable way) by the orbital period of
102 min. The particle measurements will be compared with
ionospheric behaviour during an overflight of Scandinavia.

heightflan}

7.0

6.0

(b)

3 Electron densities in the D- and E-regions over

Fig. 1. D-region electron density observed with the EISCAT VHF "
Tromso

radar on 1 and 2 July 2005. The time resolution is about a minute.

Contours are marked at 9010'° and 13t m=3. )
3.1 Overview

Figure 1 illustrates the magnitudes and variations of D- and
10:00 UT on 2 July. The present paper uses results fromg_region electron density as determined by the EISCAT VHF
the 224 MHz VHF system at Trords(69.59 N, 19.23 E,  radar during the periods 10:00-24:00 UT on 1 July and
L=6.1), which was pointed vertically and ran a program g0:00-10:00 UT on 2 July. The time resolution is 64 s, and
(arcdlayerv) designed for D- and E-region observation and the radar returns were reduced to the stated altitudes by av-
covering the altitude range 60—-140km. Due to its longitude,eraging all values within a specified height range, accord-
2h 20 min should be added to Universal Times to get the Lo-ing to Table 1. The plots include contours af 100, and
cal Magnetic Time at EISCAT. 101 m-3.

The imaging riometer system at Kilpésyi (69.05 N, Significant activity began just before 16:00 UT on 1 July
20.79 W, L=5.9) operates continuously and measures theand it continued until about 08:00 UT on 2 July. There are
absorption of the cosmic radio noise at 38.2 MHz (Detrick several features that should be ignored. The apparent en-
and Rosenberg, 1990; Browne et al.,, 1995). Having 4%hancement between 11:15 and 11:45 UT on 1 July is almost
beams it provides information on the spatial and temporalcertainly due to a malfunction (I. W. McCrea, private com-
variations in the D region and covers in all some 240 km munication). Then, there occur intermittently throughout the
north-south and east-west, assuming the absorption is cemperiod of observation intense echoes from about 85 km alti-
tred at altitude 90 km. In the present study it is used to in-tude which are “polar mesosphere summer echoes (PMSE)”
dicate D-region consequences of precipitated energetic eledue to thin scattering regions in the medium rather than en-
trons. hanced electron density. Overall, the enhancements due to
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geophysical activity are moderate rather than strong. We __Comparison between 120 and 90
shall concentrate on the two periods of greatest disturbance s} July 1 | l % | |
one starting about 21:30 UT on 1 July and the other running 21
from about 01:20 to 03:00 UT on 2 July. |
We note in passing that the period 21:30 to 03:00 UT, & 1se
which was the time of greatest geophysical activity, corre- e}
sponded with an enhancement in the speed of the solarwind ~ **°[ . /"
At 20:20 UT on 1 July the solar-wind speed at the Wind "

2.5ell T
July 2

satellite (1.66 million km from the centre of the Earth) was
470km/s but it then began to increase sharply. Allowing — 24f P ‘ w
57 min for propagation, the increase would have reached the? 1senf W |

magnetopause about 21:17 UT, which was shortly before theg el
onset of the observed evening event. The solar-wind speec |

peaked at 650 km/s, and by 03:00 UT on 2 July had fallen to e

My

| ] ) I

I | M

uﬁ«,:,J‘J_,mj»mU- WL
4

0

550 km/s, remaining about that value until after 08:00. Dur- — 2
ing the same period the solar wind had a significant eastward

component of 90 km/s. There were no remarkable change
in the interplanetary magnetic field in this period, though a acgjyity.
sector boundary went by (with some oscillations) between
08:40 and 14:40 UT on 1 July.

Time (UT)

ﬁig. 2. Comparison between E- (120km) and D- (90 km) region

onset of ionospheric activity resulting from the solar wind en-

3.2 Noise levels hancement, and the lack of D-region response indicates that

) ) this activity in the afternoon sector was due to soft precipi-
At the lowest altitudes (60—-70km) the electron-density datation, Significant D-region activity such as may be detected
are noisy, with large variations from point to point and lit- yith a riometer did not begin until shortly before local mag-
tle evidence of sustained enhancements such as are observggic midnight €22:00 UT), which is not atypical for the
at the greater heights. We assume that this represents thg,nmencement of night-time absorption activity. The pre-
noise level of the experiment, and it is found that at 60 andgjpjtation continued to harden into the morning sector, and
65km the statistical distributions of “electron density” are gpout 03:00 and 06:00 UT there were instances where the
close to the Rayleigh form with standard deviation %85’ gjectron density in the D region actually exceeded that in re-
at 60 km and 3.6010 at 65 km. gion E.

Because of the range correction in processing the radar gased on the features in Fig. 2 several electron-density
data, the noise expressed as electron density should vary withrofiles (Fig. 3a) have been selected for more detailed study.
the square of the range. Taking an average of the valueghe profiles shown have been corrected for a contribution
from 60 and 65km, it is estimated that at the higher levels.from solar EUV radiation when the E region is illuminated.
where signal dominates, the errors due to noise will be suchoy heights above 100 km, plots of electron density against
that 90% of values will be within 11:610°*(R(km)? M~ time show a smooth variation during undisturbed periods (i.e.
of the true value. This figure varies with height between pefore 16:00 UT on 1 July and after 04:00 UT on 2 July) and
8x10'm~3 at 85km and 210°m~2 at 130km. Specifi- 3 minimum level consistent with the trend during the activity.
cally, the error should be less than 10% for electron densi-tpe background due to EUV was estimated from that trend.
ties of at least & 10° m~° at 85 km, or at least210° m~2 at There are, of course, short term variations, but it can be
130 km. seen overall that as time progresses the profiles move lower,

with the D-region contribution increasing relative to the E

3.3 E- and D-region comparison region. Thus:

The 120km level may be reached by electrons having energy 1. 16:34 UT: In this feature the D-region (90km) was
of at least 1-2 keV. It is typical of the E region and the site weak relative to the E-region (120 km), indicating a soft

of the luminous aurora. The 90 km level in the D region is spectrum. The enhancement at 120 km was about 20
the one most affected by auroral radio absorption andisonly  times that at 90 km.

reached by electrons with energies of about 25 keV or more,

the maximum ion production rate at that height being due to 2. 21:48 UT: This feature was a short-duration enhance-

electrons of about 50 keV. ment occurring close to magnetic midnight at EISCAT,
Figure 2 illustrates the relative E- and D-region activity following a spike and within a night-time auroral ab-

at times throughout the observing period. The increase of  sorption event. The E-region enhancement was again

120-km electron density at 16:00 UT probably representsthe  more prominent than that at 90 km (by about a factor

www.ann-geophys.net/25/1837/2007/ Ann. Geophys., 25, 1837-1849, 2007
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Profiles from times throughout the data period, July 1-2
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D- and E-region effects in the auroral zone
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4. Spike and precipitation event on the evening of 1 July cover-

Fig. 3. (a)A selection of electron-density profiles covering the ob- jng 21:15-22:15 UT (21.25-22.25 UT). The time resolution is 20s.
serving period on 1-2 July. The profiles have been corrected for therhe upper panel plots the electron density every 15 km between 75

cant only in the E region and at the smaller electron-density valuesten in electron density, starting at%.e—3

(b) Energetic electron spectra estimated from the above profiles.
The flux is in units of electrons ciif s~ 1sr1kev—1.

of 10), again indicating a soft spectrum. The electron-
density profile (Fig. 3a) shows the maximum to be lower
than it was at 16:34.

5.
. 01:31 UT: This enhancement occurs near the beginning

of the extended morning event and the electron density
at 120km is twice that at 90 km. This event is harder
than those above.

. 02:53 UT: This is the last 90 km peak of the morn-

ing event. The electron density is now larger at 90 km
than at 120 km, and there has been a marked change

without, or with only weak, E-region peaks; these cor-
respond with bursts of auroral absorption observed with
the riometer.

At 05:58 UT: This morning event is weak at 90 km but
hardly visible at all at 120 km, and it looks like the hard-
est spectrum of the selection. The electron-density pro-
file again peaks at relatively low altitude, where there
has been a significant enhancement. There is not much
effectin the E-region, the electron density seen in Fig. 2
being mainly due to the EUV contribution, with conse-
quently a large E-region correction on Fig. 3a.

of spectrum within 1.5h, with a clear trend in the Two other candidates (at 23:20 and 07:20 UT) were rejected

90 km/120km electron-density ratio.

Superimposedbecause some of the readings at the lower altitudes were af-

throughout that period are short D-region enhancements$ected by PMSE.

Ann. Geophys., 25, 1837-1849, 2007
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Profiles from evening event on July 1. Spectra from the event with spike, evening of July 1.
130 : . : . .

T T T T T
—— Spike, 213441 UT —_— 'Sptike 21d3_4:112U1'I;1059 or
—— Intermediate 214059 UT intermediate
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Fig. 6. (a) Spectra deduced from the profiles of Fig. 8a). Spectra

Fig. 5. (a) Profiles from the evening event on 1 Julyp) Profiles : .
deduced from the profiles of Fig. 5b.

from the morning event on July 2, corrected for solar EUV contri-
butions.

ations of effective recombination coefficient do not change
3.4 Deduced spectra the overall character of the spectrum. Inter-comparisons are
therefore likely to be valid.

These five electron-density profiles have been inverted us- A marked change of character is evident in Fig. 3b, in that
ing the method described by Hargreaves and Devlin (1990¥he spectra at 02:53 and 05:58 UT are double peaked, each
to give estimates of the incoming energetic-e|ectr0n Specat about 7 keV and 40 keV. The earlier spectra, at 21:48 and
trum (Fig. 3b). The method entails some assumptions an@®1:31 UT, are single peaked, the slope at higher energies be-
uncertainties, so ultimate precision cannot be expected. [thg very approximately exponential (with characteristic ener-
depends on atmospheric models which may be inaccuratejies 4.3keV and 6.7 keV, respectively). Such an approxima-
and there are assumptions about the pitch-angle distributiofion is plainly not useful for the double peaked spectra, ex-
of the incoming particles which generally is not known. But cept perhaps over a very limited range of energy. The spec-
the greatest scope for error arises with the height profile ofrum for 16:34 UT is exponential between 2.5 and 10keV
the effective recombination coefficient for electrons in the D (with characteristic energy 1.2keV — i.e. very soft), though
and E regions. In the present instance the lower values ar#here appears to be a small flux of harder particles in addi-
taken from recent determinations (Hargreaves, 2005; Hargtion.

reaves and Birch, 2005), and the upper ones from Gledhill In summary, we find a tendency on 1-2 July for the in-
(1986), with interpolation between the two sets at 90 andcoming electron spectrum to harden progressively from the
95km. However, tests have indicated that reasonable varievening through to the morning. The form of the spectrum

www.ann-geophys.net/25/1837/2007/ Ann. Geophys., 25, 1837-1849, 2007
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1I;|é3ights of median and quartiles for A>0.10 dB, 2115 - 2215 UT, at 20s
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Fig. 7. Above: Heights of medians and quartiles for the absorbing region during the evening event of 1 July. Below: Total 38.2 MHz,
calculated and observed.

changes character from approximately exponential to a form The radio absorption at 38.2 MHz may be calculated from
that is relatively enhanced at several tens of keV and mayhe electron-density profile by applying the appropriate val-
be double peaked. The resulting profiles in the lower iono-ues of the height-dependent specific absorption coefficient
sphere show the D-region effect increasing relative to that in(defined as the absorption per km due to unit electron den-
the E region, with the maximum moving to lower altitude. sity — Parthasarathy and Berkey, 1965; Hargreaves, 1980).
The double peaked spectra may indicate the presence of twiigure 7 shows the height of the absorbing layer in terms of
populations of energetic electrons. the median and quartiles. During this period the absorbing
layer was centred about 95 km, and the width of the layer was
such that half the absorption occurred over about 10 km of
4 The night-time event altitude. The total absorption calculated is also compared in
Fig. 7 with that observed in the beam of the Kil@isji imag-
The strongest D- and E-region disturbance of 1 July was anng riometer which most nearly intersected the D region over
enhancement that started about 21:30 UT and lasted for abogke radar (which was pointed vertically). There is tolerable
half an hour (Fig. 4). In the initial spike the electron density agreement except that the initial spike as observed was con-
exceeded IEm2 in the E region for a short time. The sjderably smaller than the calculated value. The difference
spike was followed by a more slowly varying enhancement,coyld mean that the feature in question was of small horizon-
giving the appearance typical of a substorm event (thougha| extent. The radar beam is only 1 by 3 km at 90 km altitude,
see later!). Another short-duration feature occurred halfwayyyhereas the riometer beam covers some 50 by 25km be-
through the event. tween half-power points. A spatially confined feature could
Vertical profiles during the spike, during the short-duration pe clearly observed by the radar but register only weakly on
feature, and at a time intermediate between the two are showghe riometer if it failed to fill the relevant beam.
in Fig. 5a. The profiles are similar in shape, peaking in the
E region, though without much variation between 100 and We can learn more about the nature of these features from
130 km. The three derived spectra (Fig. 6a) display considerthe absorption images constructed from the imaging riome-
able difference in intensity, the spike fluxes being at least 10Ger. The panels in Fig. 8 each cover 240 km north-south and
times those at the intermediate point, but they all have apeast-west at an assumed height of 90 km, and they are pre-
proximately exponential forms between 10 and 80 keV andsented as if viewed from above. A total period of 3min
their characteristic energies are rather similar, at 6.7 keV forincluding the initial spike event at 21:34 UT (21.57 UT) is
the spike, 5.6 keV for the peak and 4.9 keV for the interme-covered at 20 s resolution. The event is strongest in the south-
diate point. The last spectrum includes a minor peak at 20-ern part of the field of view, and the maximum traverses the
35keV which may or may not be significant. field of view from west to east in just over a minute (velocity

Ann. Geophys., 25, 1837-1849, 2007 www.ann-geophys.net/25/1837/2007/
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IRIS absorption images (plan) 120 - 75 km, 0100-0315 UT July 2, 20s data
2005-07-01 21:33:00 - 21:36:00 UT @ 20 s res. T T T
Kilpisjarvi, Finland (69.05° N, 20.79° E) p—

Nm,@»'wrz‘u il ﬁ‘\’iﬁ \ A
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(a) Time (UT)
log(Nej: 0100-0315 UT, 70 - 130 km

=100

helghti{km)

0 0.5
Absorption (dB @ 38.2 MHz)

Fig. 8. Motion of the evening spike as observed by the Kilpigj
imaging riometer. These images are based on interpolation between
the 90-km intersections of the 49 beams.

(b)

estimated at 2.9 km/s). This speed and duration are typical

of spike events at the beginning of substorms (Hargreavesgig. 9. Electron density at 15-km intervals and contour map from
et al., 1997), but the direction of motion is not. The most 01:00-03:15 UT on 2 July at 20 s time resolution.

characteristic motion at the beginning of a substorm is pole-

ward. In this case there is some poleward progression which

then ceases as the event decays — all of which suggests that The early-morning event

this feature may be related instead to a “pseudo-breakup”
(Akasofu, 1964). On these images the radar intersection 91
\r/]v?:if::,\;]a%/hZe:;\:je:rnotk:]:ef\?gggp?;g;rhset(t)oE;e;ta?(r)??rr{eTSgl:\?\/‘:ﬁj—he properties and significance of the period of activity last-

. i . o ing almost 2h from about 01:15 UT (01.25 UT) on 2 July
extension of the main peak, but its motion is clearly east\NardhaVe been explored in a similar fashion. This period (Fig. 9)
Maps over the period of the peak at 21:47 UT (21.78 UT) P ) P 9-9),

o g e A ; , which is several hours after local magnetic midnight, starts
indicate a local intensification within an ill-defined pattern _ . : . "

. . : with a sharp onset after which the E-region electron densities
(composed mainly of weak absorption), but with a slow

equatorward drift (velocity about 160 m/s). Slow equator- ?heedg] ?eSti?)?\d("ya\rAtliI::Tﬂgﬂly;;lgg ' gl;l(l)J c;zgtg)sn im)B é/h%(\),grgcs,:{-
ward drift is not atypical in the later part of a night-time ab- 9 P y '

sorption event (Hargreaves, 1974) siderable structure, some vgrigtions being more than a factor
' ' of ten. (From Sect. 3.2, variations less than 8.40130 km

or 8.10 at 85 km should be disregarded as experiment noise.)

The effects are seen most clearly at the lower edge of the re-

gion, whereas there is relatively little height variation within

the E region between, say, 100 and 120 km (Fig. 9b).

Introduction

www.ann-geophys.net/25/1837/2007/ Ann. Geophys., 25, 1837-1849, 2007
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1I—1|(<)eights of median and quartiles for A>0.10 dB, 0100 - 0315 UT, at 20s

105f 1
100 1

e N )

Height (km)

751 . . R »+ e+ median R
N = = = = upper quartile

2.5 3

70 :
1 1.5

— calculated
—— observed

Abs, dB

Fig. 10. The absorption layer for 01:00-03:15 UT (01.00-03.25 UT) on 2 July. The upper panel shows the calculated median and quatrtiles,
and the lower one compares the calculated 38.2 MHz absorption with that observed with théKilpispaging riometer.

5.2 The absorption layer 5.3 Profiles and spectra

. . . Figures 5b and 6b show electron-density profiles and spectra
The computed absorption layer (Fig. 10) is somewhat IoWerdeduced therefrom at 6 maxima during the morning event.

than during the evening event, with the median generally Neae profiles differ in character from those derived for the

90 km but also sometimes as low as 85km. The thicknessevenin event (Fig. 5a), peaking lower and having a sharper
between quartiles is still about 10 km. Between about 02:20 9 9: P 9 9 P

and 02:40 UT (02.33-02.67 UT) the layer appears to be ver underside. The corresponding spectra have relatively greater

N . : Hlux in the 20-80 keV range. Some of the spectra are essen-
narrow, but this is an artifact caused by intense returns fron}. .
PMSE. ially flat up to about 60 keV, and by no stretch of the imag-

. ination could they be described by simple forms such as ex-
The lower panel of Fig. 10 compares the calculatedponential or power-law. There is also a progressive change
38.2MHz absorption with that observed with the beam of qyring the event, the mid-range contribution being relatively

km level over the radar. The smaller values of absorption

are comparable with the uncertainty of the quiet-day curve5.4 Dynamics

(QDC), and 0.1dB has been subtracted from the observed

values. Before 01:20 UT (01.33 UT) there are some negativélhe absorption peaks within the morning events show gen-
values which are due to an error in the QDC, and until abouterally eastward movements as did the evening event dis-
01:40 UT (01.67 UT) the absorption values may be some-cussed above, but at considerably lower speeds. The fea-
what too high from the same cause. Overall, and consideringures at 01:57 and 02:13 UT (01.95-02.22 UT) are the best
that we are dealing with fairly small values, the observed anddefined, and these are shown at 20s resolution in Figs. 11
calculated absorption patterns agree as well as can be exand 12. The structures evolve as they move, which must in-
pected. We again see a tendency for the computed values tooduce some uncertainty into the velocity measurement, but
show sharper structure than those observed with the imaginthe presence of an eastward drift is clearly seen in each case.
riometer, and it is suggested that the cause may be the diffefigure 13 plots the position of the point of maximum absorp-
ence in spatial resolution between the two systems involvedtion within the field of view of the imaging riometer, as well
the riometer beam covering almost 1000%rhut the radar  as the maximum value. From this diagram the west-east ve-
beam only 3 krA. Indeed, the argument could be reversed tolocities are estimated as 372 m/s (22.3 km/min) and 750 m/s
assert that the closeness of the agreement indicates that tl¢45.0 km/min), respectively. In the south-north direction the
absorption is relatively lacking in structure on scales smallermaximum remains close to overhead during both the absorp-
than about 30 km. tion peaks. For a short time in between them the maximum
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IRIS absorption images (plan) IRIS absorption images (plan)
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Fig. 11. The morning peak at 01:57 UT at 20 's resolution, over the Fig. 12. As Fig. 11, but for the period 02:09:00 to 02:17:20 UT.
period 01:54:00 to 02:02:20 UT. The field of view covers 240 km
north-south and east-west, and is presented as if viewed from above Value and position of absorption peak, July 2, 01:54:00-02:17:20 UT

150 Absorption value |
appears to be off to the south-west and beyond the field of © 1W
0.5

view.

Hargreaves and Berry (1976) investigated the motion of 42~ % o 20 30 20 50 50 70
absorption features in the morning sector using spaced wide- 100} ‘ ‘ ‘
beam riometers in Canada and the Antarctic, and obtained ¢z >
median eastward velocity of 38 km/min with quartiles at 20 £ _52:
and 55km/min. In that study no structural detail could be 4| ‘ ‘
observed, so it is interesting that the present results are con 0 10 20

sistent with the earlier ones, falling within the inter-quartile “;Z: South-North position

range. It is another confirmation that the observed motion2 |

cannot be due to the gradient-curvature drift of trapped elec-~ o} M A
trons, the basic argument being that electrons of sufficient en- -0 ‘ ‘ ‘ .
ergy (>50 keV) to cause the observed radio absorptionwould ~ ° " 2 205 point
drift considerably faster than is observed. (The difference

amounts to at least a factor of 2.5 in the simple theory, andrig. 13. Magnitude and position of the absorption maximum at 20's

to even more according to the modified theory of Bogott andinterval from 01:54:00 to 02:17:20 UT. The horizontal bars mark
Mozer, 1974). the times covered in Figs. 11 and 12.

1l

West-East position

. ! .
30 40 50 60 70

6 A POES overpass ing riometer towards the end of the morning event (01:00—

03:15 UT) on 2 July. The crossing took only 40-45s, and
The satellite NOAA-16, travelling north to south at 850 km in Fig. 14 its footprint is shown against the spatial distribu-
altitude, crossed the field of view of the Kilpisyi imag-  tion of 38.2 MHz radio absorption observed by the imaging
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IRIS absorption contours, 025030-025110 UT
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Fig. 14. Track of NOAA-16 across the distribution of 38.2MHz ra- )
diowave absorption derived from the imaging riometer at Kitpigj ~ Fig. 16. Count rate of the-30keV, 0" and 90 telescopes, during

(K). The position of the EISCAT VHF radar (V) is also shown. the overpass. For comparison, the triangles show “equivalent count
rates”, obtained by multiplying the square of the absorption esti-

mated along the track at 3 s intervals by the factors 2zt 4.1¢
130 - 80 km, 02.8 - 02.95 UT, at 20s (see text).

The counting rates from the POES @nd 90 detectors for
electrons>30keV are shown during the overpass in Fig. 16.
Both 16s and 1s samples are shown for each. (The basic
T X T T T data are 1s readings taken 2 s apart.) We note considerably
Time (UT) greater variability in the D(almost field-aligned) telescope,

‘ ‘ ‘ ‘ which seems to indicate large variations in the pitch-angle
distribution of the>30keV electrons. At time 60s, the flux
in the 90 telescope decreases by a factor of about 4 but that
in the O telescope by a factor of 200. This drop coincides
quite closely with the edge of the absorption patch (Fig. 14).
‘ S ‘ ‘ ‘ In considering this comparison it should be borne in mind
S v that the POES satellite is at altitude 850 km, that the absorp-

tion is assumed (though with supporting evidence) to be at
Fig. 15. Electron density variations from the VHF radar, 02:48— 90 km altitude, and that the absorption map is based on only
02:57 UT. The time of the overpass and the central time of the IRIS49 data points, each covering some tens of km. The spatial
map are marked. comparison is probably as good as can be expected in this
situation.

Relations between the fluxes observed in thead 90
riometer in the 40 s interval 02:50:30-02:51:10 UT (02.842—telescopes will be discussed in a future communication
02.853 UT). The track passed about 30 km from the centre o{Birch et al., in preparation). We do not, however, expect
the riometer system (K) and 83 km from the EISCAT VHF to see the high variability of the flux in the Gelescope mir-
beam (V). It evidently traversed along and then across theored in the ionospheric electron densities because of the re-
edges of the absorption enhancement; the absorption patafombination time (& N ., whereq is the effective recombi-
was more uniform in the north-west quadrant of the field of nation coefficient and Nthe electron density), which is esti-
view between Kilpisprvi and the radar. (The satellite data mated to be in the range 8—-23 s over the heights 85-105km
were in fact mapped to the E region. A mapping to the Din the present instance.
region would differ by only a few kilometers horizontally, a  Due to the geometric factor (18 cmé sr ), counting rates
distance well within the beamwidth of the riometer.) should be multiplied by 100 to obtain the particle flux. A

The radar observations (Fig. 15) indicate that the event wagount rate of 16, for example, implies a flux of foelec-
just reaching the maximum when the crossing occurred, androns cnt?s~1sr1. During the first part of the overpass
time variations during the pass were no more than about 30%4(Figs. 14 and 16) the 9Gelescope measured a flux of about
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2.5x10°, while the O telescope recorded a more variable mum in the diurnal incidence of auroral absorption seen
flux averaging about 810°. By conservation of the first in- in riometer observations (Hargreaves, 1969).
variant for trapped patrticles, all particles with pitch angle less
than 57 at 850 km have mirror points below 60 km (assum-
ing a dipole field). We therefore have insufficient information
for an accurate estimate of the total flux reaching the D re-
gion, but might suppose that somewhere between e
9(° readings would be most appropriate.

The triangles on Fig. 16 are derived from the absorption in-
terpolated to points along the satellite track during the satel- 3. There is general agreement between the 38.2 MHz ra-

2. The spectrum hardens and changes character post-
midnight (in our case about 02:00 &D4:20 MLT).
In the present observations the change occurred within
a short period of time. The double-peaked spectrum
which appears in the morning period suggests the pres-
ence of two distinct particle populations.

lite's overpass of the imaging riometer (Fig. 14). It is as- diowave absorption estimated from the radar data and
sumed that the electron density, and hence the absorption, is  that measured directly with the imaging riometer, ex-
proportional to the square root of the incoming particle flux, cept that some short-duration features are more intense
and thus the values plotted on Fig. 16 are proportional to the according to the radar. The explanation probably lies
absorption squared €. Constants of proportionality 4.40 in the difference of beamwidth between the techniques
and 2.18 have been selected for comparability to the mea- if the features in question are smaller than the riometer
sured 0 and 90 fluxes exceeding 30 keV. beam in the D region. By the same token, we may in-

The satellite did not pass directly over the radar beam’s fer that most of the absorption structures are larger than
intersection with the D region, and so we must extrap- about 30 km.

olate in order to compare the satellite data with results
from the radar. At the point V on Fig. 14 the absorption : e )
was about 0.55 dB. The corresponding count rates, accord- mined as 95 km pre-ml_dnlght, drppplng to 90km or
ing to the above relations between absorption and count ~ €VEN 85km in the morning. Its thickness between the
rate, are 1.2 10% and 6.0<10%, i.e. fluxes of 1.%10° and upper and lower quartiles is about 10 km in these mea-
6.0x10°cm2s1srL. Inverting the electron density pro- surements.

file over EISCAT for the minute beginning 02:50:24 UT 5 A spike event near magnetic  midnight
gives a spectrum similar in shape to the later examples in (21:35 UT~23:55 MLT) is interpreted from its
Fig. 6b, there being two maxima (at 6 and 28keV) with motion as a pseudo-breakup. The form of the electron
a marked dip at 17 keV. Summing the flux over the bands  energy spectrum is essentially the same throughout the

centred from 33.6 to 95.1keV (thereby covering 30.8 to  event (21:35-21:47 UT) but there is a large variation of
103.7 keV between the band limits), then gives a total flux of intensity.

7.6x10P electrons cm®s~1sr-1, which, though somewhat
larger than the value extrapolated from the POES data, is rea- 6. A morning event (01:20-02:35 4903:40-04:55 MLT)
sonable agreement considering the various assumptions and Shows eastward drift, but at a speed much slower than
uncertainties involved. the gradient-curvature drift speed of electrons of the ap-
The relations derived above between particle flux and ab- ~ Propriate energy.
sorption are consistent with those derived previously by Jelly -
et al. (1964) and by Parthasarathy et al. (1966) under differ-
ent circumstances and using larger data sets.

4. The typical height of the absorbing region is deter-

. An overpass of a POES satellite shows a sharp reduc-
tion of >30keV electron flux at the edge of an absorp-
tion patch in the morning sector. The electron spectrum
deduced from the radar data is double peaked, and the
total flux in the band 30-100 keV is consistent with that
registered on POES. It is noted that the flux observed
in the O detector is considerably smaller than the 90
reading and much more variable in relative terms.

7 Summary and discussion

D- and E-region activity has been investigated for a 24-h pe-
riod using electron density measured by incoherent-scatter
radar, cosmic-noise absorption observed with an imaging ridn recent years there have been a number of investigations
ometer, and energetic electron fluxes at 850 km detected ofif the causes and properties of D-region disturbances in the
an orbiting satellite. Although it is not safe to generalise too auroral regions using incoherent-scatter radar and riometers.
far from a limited number of observations, auroral electron The former technique has enabled the height profile of the
precipitation being a highly variable phenomenon, several in-lectron density to be observed during energetic particle pre-
teresting points have emerged. cipitation, from which the height and thickness of the ab-
sorbing layer can be calculated (Hargreaves, 1980; Ranta et
1. Precipitation occurring in the afternoon period is soft, al., 1985; Devlin et al., 1986; Hargreaves and Devlin, 1990)
affecting the E region but not, observably, the D region. and the particle spectrum deduced (Devlin et al., 1986; Har-
This helps to explain the well known afternoon mini- greaves and Devlin, 1990; Burns et al., 1990; Collis et al.,
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1996; Collis and Hargreaves, 1997; Kirkwood et al., 2001). The prediction technique used to ensure the radar was op-
The riometer technique using spaced instruments, and morerating by the time the disturbance arrived worked well, and
recently in the form of the imaging riometer (Browne et has the potential to be a useful aid to efficient radar observa-
al.,, 1995), has improved our knowledge of the horizontaltions of solar-wind effects in the future.

size and form of the absorption patches and of their hori-

zontal motion over short (up 16200 km) distances (Harg- Acknowledgements. We appreciate the assistance of the EISCAT
regves, 1970; Hargreaves and Berry, 1976). Whether therﬁroup at the Rutherford Appleton Laboratory, Chilton, in setting up
exist structures smaller than the present IRIS beamwidth,o experiment and in supplying us with the data. The imaging ri-
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duction in the altitude of the absorbing Iaye_zr isa nz_itural CON-peir hpelp in evaluati.ng this paper. T '
sequence. The present results are consistent with previous

estimates regarding height and thickness in general, though

the gradual lowering of the height and the constancy of the

thickness come out rather clearly in the present results. AReferences
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