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Abstract. DMSP F6 and F7 spacecraft observations of thetary and geomagnetic field. During periods of northward
average electron and ion energy, and energy fluxes in difiMF, a slow and diffusive transport of solar wind particles
ferent night-time precipitation regions for the whole of 1986 into the plasma sheet is assumed. A number of studies (Fair-
were used to examine the precipitation features associatefield et al., 1981; Lennartsson and Shelley, 1986; Baumjo-
with solar wind density changes. It was found that during hann et al., 1989; Lennartsson, 1992) indicated that under
magnetic quietnes$AL | <100 nT), the enhancement of av- geomagnetic quietness the plasma sheet becomes colder and
erage ion fluxes was observed at least two times, along witldenser. Terasawa et al. (1997) carried out a statistical study of
the solar wind plasma density increase from 2 to 24%m  the near-Earth plasma shgetl5R, > X g5 >—50R,) prop-
More pronounced was the ion flux enhancement that ocerties depending on solar wind parameters. It was found out
curred in theb2i—b4s andb4s—b5 regions, which are approx- that (1) during the northward IMF, the plasma sheet becomes
imately corresponding to the statistical auroral oval and mapsignificantly colder and denser with the solar wind plasma
to the magnetospheric plasma sheet tailward of the isotropylensity increase; (2) temperatures diminish and densities in-
boundary. The average ion energy decrease of about 2—4 kesrease more significantly near the dawn and dusk flanks of
was registered simultaneously with this ion flux enhance-the plasma sheet than in the central region. They suggested
ment. The results verify the occurrence of effective pene-that the solar wind plasma penetrates into the plasma sheet
tration of the solar wind plasma into the magnetospheric tailacross magnetospheric flanks as a result of a slow diffusion.
plasma sheet. This paper presents the results of the statistical investigation
of the relationship between the solar wind plasma density
and properties (average energy and fluxes) of particle precip-
itating in night-time high latitudes under quiet geomagnetic
conditions.
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1 Introduction 2 Data used and results of observations

The problem of a solar wind particle penetration in the ch teristi ¢ itating | d elect i diff
Earth’'s magnetosphere is one of the major issues in the aractenstics of precipitaling 10ns and electrons n difter-

: : ent auroral precipitation regions acquired by polar orbiting
physics of the magnetosphere. Abou£10- 107 particles . :
s—1 are required to support the observed particle concentra-DMSP F6 and F7 satellites in the night sector for the whole

tion in the plasma sheet (Hill, 1974). However, not enoughOf 1986 are examined. The notation of precipitation bound-

experimental data exist about particle penetration into the?es suggested by Newell et al. (1996) and Feldstein and

magnetosphere and, in particular, the physical mechanisrﬁ;alpe”n (1996) is used for the investigation. In this nota-

responsible for this plasma transport and a place of particlféon the boundaries were numbered so that the number of the

penetration are also unknown. It is usually assumed that du oundary grows with the increase in its latitudinal location.

ing the southward interplanetary magnetic field, IMF, inter- Indexese andi refer to the electron and ion precipitation

vals of solar wind plasma penetrate into the magnetosphergoungary’ fspegt}veli/, wnhlltasbths zek:_o-enterglgy 2%%r(t)|clteh
via the magnetic reconnection of the southward interplane- oundary. According 1o results by Vorobjev e al. ( ), the
ble boundary coincides well with the equatorward boundary

Correspondence tov. Vorobjev of diffuse auroral luminosity, ané2i is the latitude where
(vorobjev@pgi.kolasc.net.ru) the energy flux of ions has the maximum. This boundary is
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Fig. 1. lon number flux in four precipitation regiondX-b2i, b2i—b4s, b4s—b5 andb5-H6) versus solar wind plasma density in the morning,
pre-midnight and evening MLT sectors during periods of northwayénd southwardb) IMF orientation.

a proxy for the ion isotropy boundary (Newell et al., 1996, ticles between the adjacent precipitation boundaries in three
1998). Furthermorepds is the equatorward boundary of magnetic local time sectors (03-06, 18—-21 and 21-24 MLT)
spatial structured electron precipitations (low correlation co-were determined. The 00-03 MLT sector was not investi-
efficient between the neighboring spectra); is the pole- gated because of insufficient statistics owing to the orbit pe-
ward boundary where an abrupt drop by a factor of at leastuliarity of DMSP F6 and F7 satellites. The average energy
4 in the precipitating energy flux is observed. According to and the number flux of precipitating particles were calculated
\Vorobjev et al. (2000), this boundary coincides well with the within An,,, =2 cm~3 solar wind density bins. Only satellite
poleward boundary of the statistical auroral oval. Continu-passes, where the one-hour averaged value of the AL index
ing further, b6 is the poleward boundary of subvisual driz- at the hour of auroral zone crossing and during the previous
zZle. It is supposed tha@i6 often corresponds to the polar cap hour were|AL|<100nT, have been selected for the analy-
boundary. The average energy and the number flux of parsis. The IMF and solar wind plasma data from the NSSDC
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Fig. 2. Average ion(a) and electrorfb) energy in theé»2i—b4s andb4s—b5 regions during periods of the IMB, >0 versus solar wind plasma
density.

OMNIWeb database in the hours of the satellite pass werare also provided. In order not to overload the figure, these
used for comparison with precipitation signatures. Data set®rrors are shown, where it is possible, as half of a deviation to
were examined separately for the IME>0 and B, <0 in- either side. The average AL index value in all data sets was
tervals. More than 3700 flights were analyzed in all. Fig- about 35nT, and the average IME component was equal
ure 1 presents the number flux of precipitating ions in dif- to 2.3nT and-1.2 nT for the northward and southward IMF
ferent regions versus solar wind density in the morning, pre-orientation, correspondingly. During IMB,>0, Fig. 1a
midnight and evening MLT sectors during periods of north- clearly shows the enhancement of ion fluxds cm=2s—1)
ward (a) and southward (b) IMF orientation. The vertical in all night-time MLT sectors, along with an increase in the
error bars representing a standard deviation from the measolar wind plasma density:,,,, cm~2). Solid lines represent
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Fig. 3. Changes in the electron energy fl(@ and the calculated intensity of 391.4 r{y) and LBH-long(c) bands inb2i—b4s andb4s—b5
regions in the pre-midnight sector during periods of the IR} 0, depending on the solar wind plasma density.

the linear approximation of experimental points. Correlationas duringB,>0. Only a weak tendency of the electron flux
coefficients,r, for all data sets are not less than 0.8. Theto be increased is observed along with the increase in the so-
most pronounced enhancements of the ion flux are observeldr wind plasma density. Average ion energi@s, keV) in
intheb2i—b4s andb4s—b5 regions. Inthé2i—b4ds regionthe  the b2i—b4s andb4s—b5 regions during northward IMF pe-
morning sector dependence is approximated by the formulariods versus solar wind density are shown in Fig. 2a. As it

is seen from Fig. 1a and 2a, simultaneously with the number
J(2—2) = (0.065n,,, + 0.85)10/ r =0.94, flux enhancement, the average precipitating ion energy in all
MLT sectors decreases approximately by 2—4 keV when the
solar wind plasma density increases from 2 to 24&nThe
Jia—s) = (0.062n,,, + 0.43)107 r— 095, average energy of precipitating. electrdig,, keV) in the;e

regions undergoes the essential decrease as well (Fig. 2b).
In the pre-midnight and evening sectors, respectively, thednder the interplanetarg, <0 conditions some tendency to-

and in theb4s—b5 region by the expression:

similar expressions are as follows: wards the decrease iff; and W, with the increase in solar
wind plasma density;,,, is observed. However, the scatter
Jo—ay = (0.074ng, + 11710  r =0.86 in the correlations is bigger during, <0, than duringB, >0,
. generally for precipitating electron energy. Probably, it is
Ja-5 = (0.038n,, + 0.38)10 r =097 connected with the appearance (or increase in the number)

and of local electron acceleration regions.

J-ay = (0.057ng, +0.93910"  r =0.92 _ _
3 Summary and discussion

Ja—s) = (0.055n,, + 0.2510°  r =0.93 _ _
The obtained results assume that the cold solar wind plasma

The ion flux enhancement in tihds—b5 region looks more  effectively penetrates into the plasma sheet region, which
pronounced in the morning and in the evening, in compari-maps along geomagnetic field lines in thgi—»4s night-
son with the pre-midnight sector. In tibd—52; andb5-bH6 time precipitation region, both during northward and south-
regions, the dependence gffrom ny,, is expressed poorly ward IMF periods. In the distant plasma sheet, which maps
enough in all considered MLT sectors. During the IEF<0 in the b4s—b5 region, the solar wind plasma comes across
(Fig. 1b), the most essential enhancements of the ion flux aréhe morning and evening flanks of the magnetosphere. We
observed in thé2i—b4s region. The flux enhancement in shall note that during IMB, <0, i.e. during the magnetic re-
the b4s—b5 region duringB, <0 does not look as significant connection in progress, the enhancement of precipitating ion
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fluxes are about the same as during the period of the IMFand c show that the intensity of both auroral bands irbthe-
B,>0. Theb2i—b4s region is placed between thi&i and b5 region, which makes up the basic part of the nightside
b4s boundaries. The latitude of th&i boundary coincides auroral oval, decreased 3—4 times in the solar wind density
well with the position of the isotropy boundary (Newell et increase from 2 to 26 cn¥. The intensity of [Ol] 557.7 nm
al., 1998) and is a good proxy for the inner edge of the mag-and 630.0 nm auroral emissions is substantially determined
netospheric cross tail current sheet. B2 andb5 bound- by the chemical composition of the upper atmosphere, which
aries approximately coincide with the equatorward and pole-makes it extremely difficult to calculate their intensity. How-
ward boundaries of the average auroral oval (Vorobjev et al.gver, the average electron energy behavior allows one to esti-
2000). mate roughly the change in the auroral intensigyno/ Iss577

In the new notation presented by Starkov et al. (2002),ratio. According to the Judge (1972) model, simultaneously
the b2-b5 region was designated as the auroral oval precip-with the solar wind plasma density increases, it is possible
itation, AOP. Spatially and spectrally structured electron to expect the enhancement of this ratio from approximately
spectra, which can be associated with discrete aurorae, a@5 up to 2, which corresponds to the occurrence of red au-
common for theA O P region in all MLT sectors. Thus, the rorae of rather significant intensity. These conclusions al-
b2i—b4s region approximately corresponds to the equatoriallow one to explain naturally the results received earlier by
part of the auroral oval and thi&s—b5 region to its poleward Liou et al. (1998) and Khviusova and Leontyev (2002). Liou
part. Theb1l-H2 region, called by Starkov et al. (2002) the et al. (1998) used the Polar UVI images at the LBH-long
diffuse auroral zoneDAZ, coincides well with the diffuse  band for a correlative study of the energy deposition rate
auroral luminosity equatorward of the auroral oval precipita- with the concurrent solar wind plasma and IMF observations.
tion. To the pole of thet O P, between thé5 andb6 bound-  They showed (their Fig. 5e) that the midnight aurora had
aries, there is a soft diffuse precipitation regiS® P, which a trend of decreasing in power with the solar wind density
is associated with a weak diffuse luminosity (generally in theincrease. Khviusova and Leontyev (2002) have found out
630.0 nm emission) poleward of the auroral oval. The rela-that during the magnetic quietness, the lafg®&kR) inten-
tive position of different precipitation boundaries during the sities of the red oxygen emission (630.0 nm) were observed
magnetic quiet periods and their dynamics during the subin the night-time aurorae generally during periods with an in-
storm development are presented by Vorobjev et al. (2003)creased valuén,,,>10 cn3) of solar wind plasma density.
The latitudinal width of theAO P region during the period According to the results of our investigation, the average
of magnetic quietness make$-3°, and its equatorial part, electron energy in the auroral oval decreases essentially with
b2i—b4s, is only about % of the latitude. The pronounced the solar wind plasma density enhancement. It should lead
decrease in the average electron energy observed with th® the decrease in the auroral luminosity in the UVI region,
increase in the solar wind plasma density should lead to sigas well as in the main 391.4 nm, 427.8 nm and 557.7 nm au-
nificant changes in the auroral luminosity inside the auroralroral emissions, simultaneously with the enhancement of the
oval. 630.0 nm luminosity, which is caused by lower energy elec-

Figure 3a shows the behavior of electron energy fluxestron precipitation, i.e. the green aurorae are replaced with the
(JE,ergem 2571y in both theb2i—b4s and b4s—b5 pre-  red ones. What is the reason for the sharp drop irbte
midnight regions during northward IMF periods versus solarb5 region electron energy flux, while the solar wind density
wind plasma density. Since the electron number flux actuallyincreases? It is possible to assume, that even under quiet geo-
does not depend on the solar wind plasma density, the shapmagnetic conditions and the IMB, >0, there are local elec-
of curves in Fig. 3a are defined mainly by changes in thetron acceleration regions in the auroral oval near midnight
electron average energy. As it can be seen from the figure(weak auroral arcs and diffuse band).
the most essential changes in the energy flux are observed Figure 2 shows that during the low solar wind plasma den-
in the b4s—b5 region which makes up the basic part of the sity, ny,, the average electron energy is higher in 21-24 MLT
average auroral oval. The intensity of a few auroral emis-than in 18-21 MLT and 03—06 MLT. The decrease in the av-
sions is approximately proportional to precipitating electron erage electron energy, along with the increase imthere-
energy flux. Figure 3b illustrates the expected changes in thaults in the reduction of E-region ionospheric conductivity
ING N2+ band 391.4 nm intensity in thiei—b4s andb4s—b5 and suppression of electron field-aligned acceleration mech-
zones during the solar wind density increase. For the converanisms (disappearance of discrete aurorae). One can see in
sion of precipitating electron energy flux in intensity of the Fig. 2, the average electron energy in thls—b5 region is
391.4 nm auroral emission it was accepted, according to Dalvery low and approximately identical in all night-time sec-
garno etal. (1965) that the flux ofdgcm~2s—1 causes about  tors under the large solar wind plasma density conditions (no
730 Rayleighs (R) of luminosity. In Fig. 3c the correspond- accelerations around midnight). So, two factors can be im-
ing changes in the Lyman-Birge-Hopfield band intensity atportant: (1) the cooling of the magnetospheric plasma (a de-
about 170.0 nm (LBH-long) are shown, which could be reg-creasing in the precipitation particle average energy) due to
istered by the UVI Imager (Torr et al., 1995) on board the Po-solar wind plasma penetration into the magnetosphere and
lar satellite. The conversion @fgs cm2s~1 to Rayleighs  (2) simultaneous suppression of electron acceleration mech-
for the LBH-long band has been modeled by Germany etanisms. Figure 1 shows for the most part a factor of 2 to 2.5
al. (1997) and is given asitg cm—2s—1~110R. Figures 3b  increase in the ion precipitation flux, while the solar wind
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