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Abstract. Moments calculated from the ion distributions cesses is multi-faceted, involving theory, simulation, ground-
(~0-40keV) measured by the Cluster lon Spectrometrybased and in-situ observations. These tools are used sepa-
(CIS) instrument are combined with data from the Clus-rately or in combination to reveal the physics acting in the
ter Flux Gate Magnetometer (FGM) instrument and used tonear-Earth environment. In this tradition, the aim of the four-
characterise the bulk properties of the plasma in the nearspacecraft Cluster mission (Escoubet et al., 2001) is to exam-
Earth magnetosphere over five years (2001-2005). Resultisie local three-dimensional, time-varying phenomena in the
are presented in the form of 2-D xy, xz and yz GSM cuts Earth’'s magnetosphere and nearby environment (e.g. solar
through the magnetosphere using data obtained from th&vind, magnetopause, polar cusps, plasma sheet, lobes etc.).
Cluster Science Data System (CSDS) and the Cluster AcSince February 2006, Cluster data have been made publicly
tive Archive (CAA). Analysis reveals the distribution 00—  available via the Cluster Active Archive or CAA (Perry et
40keV ions in the inner magnetosphere is highly ordered andhl., 2005) and it is this dataset which is utilised in the cur-
highly responsive to changes in solar wind velocity. Specifi-rent study. The initial motivation for the work presented in
cally, elevations in temperature are found to occur across thé¢his paper is to utilise the entire dataset of Cluster measure-
entire nightside plasma sheet region during times of fast soments via the CAA, and hence to investigate the population
lar wind. We demonstrate that the nightside plasma sheet iolnf ~0-40 keV ions in the inner magnetosphere.

temperature at a downtail distance~e12 to 19 Earth radii Measurements of bulk parameters such asémperature
increases by a factor 6¢2 during periods of fast solar wind - and density from the on-going Cluster mission are presented
(500-1000 km') compared to periods of slow solar wind i the form of 2-D snapshots averaged over five years (2001—
(100-400kms?). The spatial extent of these increases arep00s). Extensive statistical studies of the plasma within the
shown in the xy, xz and yz GSM planes. The results fromnpear-Earth magnetosphere have previously revealed the be-
the study have implications for modelling studies and sim-hayiour of such parameters (e.g. Baumjohann et al., 1988;
ulations of solar-wind/magnetosphere coupling, which ulti- Newell and Meng, 1992; Borovsky et al., 1998; Wing and
mately rely on in situ observations of the plasma sheet propnewell, 1998; Merka et al., 2002; Tysganenko and Mukai,

erties for input/boundary conditions. 2003; Wing et al., 2005; Neagu et al., 2005; Denton et al.,
Keywords. Magnetospheric physics (Plasma convection; 2005, 2006; Borovsky and Denton, 2006a, b; Lavraud et al.,
Plasma Sheet; General or misce”aneous) 2005, 2006; Thomsen et al., 2007; Nagata et al., 2868nes

et al., 2008) under a variety of conditions. The primary aim
of the work outlined in the current paper is to reveal the aver-

tes

1 Introducti aged bulk parameters in the magnetosphere as a first step to@

ntroduction a determination of how such parameters evolve during geo- LE)
The interaction of the solar wind with the Earth’s magneto- nj[agnzt'ﬁ dlstu;btancgs. tﬁ,UCh. analysestare gartgultgrly glrlr:ed -]
sphere is highly complex and the manner in which the trans® hmot'? ers (I) € ¢ ar ts ring ctjrrendan _tra |ac;on =
port of energy and momentum is facilitated is a primary fo-(;‘;tignuf:(')sme t\;lurizri silgg rgg?gr?r:sulrni,unzgf)l/Bgoi%itig?w??gr- g
cus of space physics research. The investigation of these pro- . .

P Phy 9 P simulations (e.g. Liemohn et al., 2006; Fok et al., 1999; Jor- O
Correspondence tavl. H. Denton danova et al., 1997). In particular, this current study is the ©
(m.denton@lancaster.ac.uk) first step in adding the database of Cluster measurement58
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to observations from-6.6 Ry (Los Alamos satellites) and spacecraft, onto a grid with pixel size o&1 Rr and av-

~9 R (Double Star 1) to generate a full, statistical parame-eraged values within each bin are calculated. Plots are pro-
terisation of the magnetosphere outt@0 R, primarily on duced in the GSM-xy, GSM-xz, and GSM-yz planes. For
the nightside, under a variety of prevailing solar wind condi- each of the plots, to allow sufficient data for robust anal-
tions. Improved input to physics models from such statisticsysis each data point is only included if obtained within a
should help increase accuracy and predictions, along witlperpendicular distance&5 R, from the plane in question, in
providing a better understanding of the physical processes similar manner as that utilised by Escoubet et al. (1997)
operating within the region. in their analysis of ISEE-1 data. For example, for plots
in the xy-plane, data are included in the binning if the z-
coordinate is>—5Rg and <5 Rg. Following these crite-

ria two-dimensional plots of the required parameters are pro-

The Cluster lon Spectrometry (CIS) instrument packageduced' A selection of results from the entire analysis are pre-

R g sented below. Pixels coloured grey indicate less than 5 data
(Reme et al,, 2001) is installed on all four Cluster space- oints contribute to the average within the corresponding bin
craft and comprises the Composition and Distribution Func—IO 9 P g bin.

. Figure 1 shows the averaged (2001-2005) bulk values of
tion (CODIF) sensor and the Hot lon Analyser (HIA) . Mea- . . . :
surements of the ion distribution function in the energy range(a) H' density, (b) d'densny, (c) He dgnsﬂy, (d) H tem
~0-40keV allow calculation of moments of the distribution perature and the derived values of (¢) ion pressure and () to-

and thus provide averaged values for temperature, densittal magnetic field, measured by the CODIF/FGM sensors on

and velocity. These data, in combination with data from theﬁt1 Iins t\?/(:llc_; osrg/le-;g dpvlvaitr;ﬁﬁ ﬁ‘i';?riggsk?gvg’ IT?hEg::rn-
Fluxgate Magnetometer (FGM) instrument package (Balogh y 9 p ' 9y

~O— . .. —3 .
etal., 2001) provide derived values such as plasma beta. Thtr%g%z SI dioazzv, Pelggrgsglsnéiﬁi 02:1 d )toa:g (ie(\)/rl1dsevr\]/':tgi?1 the
data used in the current study were obtained from the Clus- Y b y P 9

i 3
ter Science Data System (CSDS), the Cluster Active Archivegagﬂe;%zhaﬁh/igg:n:rirﬁ\ll?ggrr{t tgvzhiegzlt:gf ;% t)hese
and the high resolution (1-min) OMNI database. Y

e . . are likely signatures of material of ionospheric origin. In-
To permit efficient analysis of such an extensive dataset ; " . i
L . deed, higher densities of these minor constituents are mea-
individual parameters (e.g. temperature/density etc.) from

the Cluster instruments are interpolated to a time resolutio sured closer to the Earth although the high density ring of

+ at ~71.=4 i inati i
of 1-min and combined with values from the OMNI database.rb. at~L=41is C.aUSEd by Contam|n,€;1t|on_0f_th|s channel by
high energy particles from the Earth’s radiation belts (I. Dan-

In this way, a file is produced for each Cluster spacecraft for ; L . ; !
X . . . . douras, private communication). On the nightside, the ion

each year from 2001-2005 (inclusive), with each file contain- L . .
density is much lower overall and most of this material is

ing 59 parameters either measured by Cluster mstrumentswnhin the plasma sheet. Previous work indicates the over-

or pertaining to the geophysical conditions in the magneto-a” plasma sheet number density is between 0.4 and 2.6 cm

sphere (e.g. position, magnetic field, density, temperaturewith an average number densit.7 cnt3 (Borovsky et al.,

composition, velocity, solar wind speed, solar wind dens_lty1997)_ In contrast with the density, the nightside temperature
etc.). Due to the very nature of the measurement techniquée

. . - IS clearly elevated compared to the dayside and, since pres-
utilised by the CIS instrument (e.g. a limited energy range), . .
. . . _— sure is calculated here as the product of density and tempera-
it only measures a partial moment of the full ion distribu-

tion. Depending upon ambient plasma conditions, this ca ture, this results in a roughly smooth distribution of pressure

affect how well the distributions (and hence the derived mo[]from dayside (left) to nightside (right). The plot of the av-

» raged total magnetic field clearly indicates the influence of
ments) represent the actual local plasma conditions. The ef; . . . )
. . . he solar wind on the otherwise dipolar nature of the Earth’s
fect is most obvious when the plasma contains a very ho

(or very cold) component with energy beyond the range Ofmagnetic field. (A logical future step in the analysis would
y P gy bey 9 bcT to further constrain the binning conditions and compare in
]

the instrument. In such cases one can expect the measure ; : S
. o . .~ 8Itu observations with current magnetic field models under a
ion densities to underestimate the actual values. These iSSugs . "

S : . variety of conditions).
should be borne in mind not only when interpreting the re-

o The data presented in Fig. 1 are useful for identifying gross
sults presented below, but when utilising any thermal plasmaD : o
measurement oundaries within the magnetosphere, and the average val-

ues of the bulk parameters. However, the magnetosphere is a
dynamic entity with different regions and populations con-
3 Results and discussion stantly evolving both spatially and temporally. Hence, to
calculate averaged parameters within specific regions (e.g.
To provide visualisation of the parameters derived fromplasma sheet, lobes, cusp, neutral sheet) further selection
the Cluster observations, each measured data point (1 timef the data is required. In a recent study of energetic elec-
minute resolution) from a single Cluster spacecraft (C1) fromtrons in the plasma shedksnes et al. (2008) defined iden-
2001 to 2005, is binned according to the location of thetification criteria for such regions based on in-situ values

2 Data and analysis
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Fig. 1. Averaged (2001-2005) bulk values(@f HT density,(b) OT density,(c) He™ density,(d) HT temperature and the values(ej ion
pressure an¢f) total magnetic field strength measured by the CODIF/FGM sensors on C1 in the GSM-xy plane.

of ion parameters such as plasmfaand ion pressurep;.
Figure 2 shows the averaged (2001-2005) tdmperature

in the plot if they fulfil “central plasma sheet” identifica-
tion criteria (plasmg >0.75 andP; >0.02 nPaAsnes et al.,

and pressure measured by the CODIF sensor on C1 in th2008). Clearly, with such criteria implemented, the number
GSM-xy, GSM-yz and GSM-xz planes. Data are included of data points contributing to the averages falls significantly.
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Fig. 2. Averaged plasma sheettHtemperature and pressure in the GSM-xy, GSM-xz and GSM-yz planes averaged from CIS Cluster 1
measurements from 2001-2005. Data are included in the plot if they fulfil central plasma sheet identification criteriadplastband
P;>0.02nPafsnes et al., 2008).
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Fig. 3. Averaged H temperature in the GSM-xy, GSM-xz and GSM-yz planes averaged from CIS Cluster 1 measurements from 2001-2005
for slow (left) and fast (right) solar wind speeds. Data are included in the plot if they fulfil central plasma sheet identification criteria (plasma
B>0.75 andP; >0.02 nPaAsnes et al., 2008). Clearly, plasma sheet temperature is elevated significantly during fast solar wind.

However, it remains clear that the central plasma sheet, Figure 3 shows a comparison between the averaged (2001—
identified using these criteria, is regularly sampled betweer2005) H™ temperature and ion pressure in the plasma sheet
45 Rg in thez=0 GSM-plane. measured by the CODIF sensor on C1 in the GSM-xy,
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GSM-yz and GSM-xz planes. Data are included in the plot if sheet and its response to upstream solar wind conditions.
they fulfil central plasma sheet identification criteria (plasmaExtended periods of fast solar wind occur primarily during
B>0.75 andP; >0.02 nPa (see Table 1Asnes etal., 2008). high speed solar wind streams (e.g. Tsurutani et al., 2006;
These criteria are implemented to separate central plasmBenton et al., 2008) during which magnetospheric phenom-
sheet intervals from other regions within the magnetosheattena such as radiation belt energisation, prolonged magneto-
(e.g. outer plasma sheet, lobe, neutral sheet etc.). In additiorspheric convection and enhanced particle precipitation also
each data point is assigned a value of lagged solar wind speeatcur. The nightside plasma sheet is the source population
(from the OMNI2 1-minute resolution dataset). Periods of for the ring current, and thus it is important to characterise
“slow” solar wind (left column) are defined as 100, this population which subsequently is convected into the in-
<400km L. Periods of “fast” solar wind (right column) are ner magnetosphere. The ability to differentiate the species
defined as 50@V;, <1000kms?®. As previously reported which makes up this source population is crucial in obtain-
by Borovsky et al. (1998) using a limited set of Los Alamos ing a fuller understanding and prediction of the storm-time
ISEE satellite observations close to local midnight, the ramresponse of the inner magnetosphere. As such, the CAA rep-
energy of the solar wind is strongly correlated with the tem-resents an ideal resource with which to determine the effect
perature of the magnetosheath, and the measured tempera-heavy-ion-rich plasma (high O+ content) may have upon
ture in the near and distant plasma sheet. Plasma, largelyiner magnetosphere properties and evolution — particularly
of solar wind origin, is captured during dayside reconnec-the dynamics of the ring current.
tion events, and subsequently transported to the nightside Clearly, with such an abundance of data, only a subset of
plasma sheet. Statistical work by Tsyganenko and Mukairesults can be presented, and numerous avenues are open
(2003) quantified this finding using fits to data from the Geo- for future study. Recent work using the database of Los
tail satellite. The plots in Fig. 3 expand upon previous resultsplamos satellite observations has indicated that a super-hot
by demonstrating that the average ion temperature across theéhd super-dense plasma sheet is detected in the initial phase
entire nightside plasma sheet is approximatly doubled duringf high speed stream driven storms (Denton and Borovsky,
periods of fast solar wind compared to periods during slow2008a, B), and that such periods of prolonged fast solar
solar wind. In addition, the results in Fig. 3 demonstratewind drive changes in the cold plasma populations in the in-
the spatial extent of the elevated plasma sheet temperatuiger magnetosphere (Borovsky and Denton, 2p0&uture
during fast solar wind in the GSM-xy, GSM-yz and GSM- work using the CAA will investigate if such phenomena are
xz planes. This result has implications for any subsequentiso detected by Cluster in the more-distant magnetotail. Al-
storm-intervals which occur when this hot plasma sheet mathough more sophisticated statistical analysis techniques are
terial is transported into the inner magnetosphere. As a resulbeing investigated, the simple averages described in this pa-
of gradient-curvature-drift effects the extra-hot ions are pre-per allow extensive scientific exploitation of the CAA in the
vented from convecting deep into the dipole where their presirst instance. Initially, the statistical analyses of CIS and
sure can be amplified (e.g. Ebihara and Ejiri, 2000; LiemohnFGM measurements have revealed the averaged bulk param-
et al.,, 2001; Kozyra and Liemohn, 2003). This likely con- eters of density, temperature and pressure around the Cluster
tributes to the fact that high-speed-stream-driven storms (typorbit. More specifically, it has been shown that the tempera-
ically storms following coronal interaction regions in the so- ture in the nightside plasma sheet can almost double during
lar wind), with extended periods of fast solar wind and an driving of the magnetosphere by fast solar wind compared
enhanced hot ion plasma sheet, tend to have pgpsigna-  to driving by slow solar wind. Plasma in the energy range
tures (e.g. Borovsky and Denton, 2006; McPherron and Weystudied in this report~0-40keV) is thought to originate
gand, 2006). Simulated energetic neutral atom (ENA) fluxesfrom (a) solar wind plasma which has entered the system dur-
indicate the morphology of the plasma sheet is changed liting solar-wind/magnetosphere coupling events and (b) iono-
tle when the plasma sheet temperature is raised — rather thepheric material which has undergone outflow from the iono-
high-energy tail of the ion distribution is raised, resulting in sphere. Results in the current paper have particular conse-
the peak ENA flux originating from roughly the same MLT quences for the density and temperature of the ion plasma
as when the plasma sheet temperature is low (Ebihara ansheet, and hence the source populations for regions such as
Fok, 2004). the ring current and radiation belts. Since various magne-
tospheric models use the bulk plasma properties within the

magnetosphere as model input, it is hoped that this study will
4 Discussion and summary

o L ) ) ) 1Denton, M. H. and Borovsky, J. E.: The superdense plasma
The initial motivation for the work presented in this paper is gheet in the magnetosphere during high-speed stream-driven
to utilise the entire dataset of Cluster measurements via thgtorms: plasma transport and timescales, J. Atmos. Sol.-Terr. Phy.,

CAA, and hence to investigate the populationdi-40keV  under review, 2008b.

ions in the inner magnetosphere. In doing so we have fur- 2Borovsky, J. E. and Denton, M. H.: A statistical look at plas-
ther revealed an important feature of the nightside plasmanaspheric drainage plumes, J. Geophys. Res., under review, 2008.
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aid such simulations and also stimulate comparison with in-Borovsky, J. E. and Denton, M. H.: Differences between CME-
situ data and collaboration. driven storms and CIR-driven storms, J. Geophys. Res., 111,
Current work is focused in three areas: AQ07S08, doi:10.1029/2005JA011447, 2006b.
Denton, M. H. and Borovsky, J. E.: Superposed epoch analy-
1. Subsuming data from other missions (e.g. Double Star 1 sis of high-speed-stream effects at geosynchronous orbit: hot

(~9REg), Los Alamos satellites (6.Bg)) into the plasma, cold plasma and the solar wind, J. Geophys. Res.,
database, permitting statistical analysis of the ion popu- d0i:10.1029/2007JA012998, in press, 2008a.
lation in the region Ofgeospace out,t(QORE_ Denton, M. H., Thomsen, M. F., Korth, H., Lynch, S.,
Zhang, J. C., and Liemohn, M. W.: Bulk plasma proper-
2. Investigating the evolution of den- ties at geosynchronous orbit, J. Geophys. Res., 11, A07223,

sity/temperature/magnetic field and the related doi:10.1029/2004JA010861, 2005.

parameters of plasma beta/pressure etc. during periodg@enton, M. H., Borovsky, J. E., Skoug, R. M., Thomsen, M. F,,
of intense geomagnetic activity. Lavraud, B., Henderson, M. G., McPherron, R. L., Zhang, J.

C., and Liemohn, M. W.: Geomagnetic storms driven by ICME-
3. Determining the effects of a heavy-ion-rich plasma on and CIR-dominated solar wind, J. Geophys. Res., 111, A07S07,

ring current formation and evolution. doi:1029/2005JA011436, 2006.
Denton, M. H., Borovsky, J. E., Horne, R. B., McPherron, R. L.,

AcknowledgementsThe authors would like to thank all members ~ Morley, S. K., and Tsurutani, B. T.. High speed solar wind
of the Cluster mission, in particular members of the CIS (Pls: streams — magnetospheric activity during prolonged driving,
H. Réme/l. Dandouras) and FGM (PIs: A. Balogh/E. Lucek) in- EOS Trans., AGU, 89(7), 62-63, 2008.

strument teams, the Cluster Active Archive and the Cluster Sciencd=bihara, Y. and Ejiri, M.: Simulation study on fundamental prop-
Data System. We acknowledge the World Data Centre-C1 at RAL, erties of the storm-time ring current, J. Geophys. Res., 105,
UK and members of the Space Physics Data Facility for the solar 15843-15859, 2000.

wind and geomagnetic indices used in the data analysis. M. H. DenEbihara, Y. and Fok, M.-C.: Postmidnight storm-time enhance-
ton wishes to thank the ESTEC Faculty for their hospitality during ~ ment of tens-of-keV proton flux, J. Geophys. Res., 109, A12209,
his visit in June 2007 under the Visiting Scientist Programme. The doi:10.1029/2004JA010523, 2004.

authors wish to thank P. Escoubet (ESTEC) and members of ISREscoubet, C. P., Fehringer, M., and Goldstein, M.: Introduction: the
1, Los Alamos National Laboratory for many helpful discussions  Cluster mission, Ann. Geophys., 19, 1197-1200, 2001,

and also acknowledge the contributions of P. Lazarou, H. Hill, and http://www.ann-geophys.net/19/1197/2001/

R. Vasey to the work presented in this paper. Escoubet, C. P., Pedersen, A., Schmidt, R., and Lindgvist, P. A.:
Topical Editor I. A. Daglis thanks Y. Ebihara for his help in Density in the magnetosphere inferred from ISEE-1 spacecraft
evaluating this paper. potential, J. Geophys. Res., 102(A8), 17 595-17 609, 1997.

Fok, M.-C., Moore, T. E., and Delcourt, D. C.: Modelling of in-
ner plasma sheet and ring current during substorms, J. Geophys.

References Res., 104, 14557-14 569, 1999.

. Jordanova., V. K., Kozyra, J. U., Nagy, A. F., and Khazanov, G. V.:

Asnes, A. R, Friedel, W. H., Lavraud, B., Reeves, G. D., Taylor, Kinetic model of ring current-atmosphere interactions, J. Geo-
M. G. G. T., and Daly, P.. Statistical properties of tail plasma  phys. Res., 102, 14279-14 291, 1997.
sheet electrons above 40keV, J. Geophys. Res., 113, A0320XKozyra, J. U. and Liemohn, M. W.: Ring current energy input and
doi:10.1029/2007JA012502, 2008. decay, Space Sci. Rev., 109, 105-131, 2003.

Balogh, A., Carr, C. M., Acia, M. H., Dunlop, M. W., Beek, T.  Lavraud, B., Denton, M. H., Thomsen, M. F., Borovsky, J. E.,
J., Brown, P., Fornacon, K.-H., Georgescu, E., Glassmeier, K.- and Friedel, R. H. W.: Superposed epoch analysis of cold,
H., Harris, J., Musmann, G., Oddy, T., and Schwingenschuh, K.:  dense plasma access to geosynchronous orbit, Ann. Geophys.,
The Cluster magnetic field investigation: overview of in-flight 23, 2519-2529, 2005,
performance and initial results, Ann. Geophys., 19, 1207-1217, http://www.ann-geophys.net/23/2519/2005/

2001, Lavraud, B., Thomsen, M. F., Wing, S., Fujimoto, M., Denton, M.
http://www.ann-geophys.net/19/1207/2001/ H., Borovsky, J. E.Asnes, A., Seki, K., and Weygand, J. M.: Ob-
Baumjohann, W., Paschmann, G., Sckopke, N., Cattell, C. A., and servations of two distinct cold, dense ion populations at geosyn-
Carlson, C. W.: Average ion moments in the plasma sheet bound- chronous is orbit: local time asymmetry, solar wind dependence

ary layer, J. Geophys. Res., 93, 11570-11 520, 1988. and origin, Ann. Geophys, 24, 3451-3465, 2006.

Borovsky, J. E., Thomsen, M. F., and McComas, D. J.: The superdiiemohn, M. W., Kozyra, J. U., Thomsen, M. F., Roeder, J. L., Lu,
dense plasma sheet: Plasmaspheric origin, solar wind origin, or G., Borovsky, J. E., and Cayton, T. E.: Dominant role of the
ionospheric origin?, J. Geophys. Res., 102, 22 089-22097, 1997. asymmetric ring current in producing stormtime Dst*, J. Geo-

Borovsky, J. E., Thomsen, M. F., and Elphic, R. C.: The driving of  phys. Res., 106, 10 883-10 904, 2001.
the plasma sheet by the solar wind, J. Geophys. Res., 103(A8).iemohn, M. W., Ridley, A. J., Kozyra, J. U., Gallagher,
17617-17 639, 1998. D. L., Thomsen, M. F., Henderson, M. G., Denton, M.

Borovsky, J. E. and Denton, M. H.: Effect of plasmaspheric H., Brandt, P. C., and Goldstein, J.: Analyzing the elec-
drainage plumes on solar-wind/magnetosphere coupling, Geo- tric field morphology through data-model comparisons of the
phys. Res. Lett, 33, L20101, doi:10.1029/2006GL026519, Geospace Environment Modeling Inner Magnetosphere/Storm
2006a.

www.ann-geophys.net/26/387/2008/ Ann. Geophys., 26, 38%-2008


http://www.ann-geophys.net/19/1207/2001/
http://www.ann-geophys.net/19/1197/2001/
http://www.ann-geophys.net/23/2519/2005/

394 M. H. Denton and M. G. G. T. Taylor: Magnetospheric ion parameters from Cluster

Assessment Challenge events, J. Geophys. Res., 111, A11S1Reme, H., Aoustin, C., Bosqued, J. M., et al.: First multispacecraft
doi:10.1029/2006JA011700, 2006. ion measurements in and near Earth’s magnetosphere with iden-

McPherron, R. L. and Weygand, J.: The solar wind and geomag- tical Cluster ion spectrometry (CIS experiment), Ann. Geophys.,
netic activity as a function of time relative to corotating interac- 19, 1303-1354, 2001,
tion regions, in: Recurrent Magnetic Storms, edited by: Tsuru-  http://www.ann-geophys.net/19/1303/2001/
tani, B., McPherron, R., Gonzalez, W., Lu, G., Sobral, J. H. A, Thomsen, M. F., Denton, M. H., Lavraud, B., and Bodeau,
and Gopalswamy, N., pg. 125, AGU, 2006. M.: Statistics of plasma fluxes at geosynchronous orbit over

Mérka, J., Safrankova, J., and Nemecek, Z.: Cusp-like plasma in more than a full solar cycle, Space Weather, 5, S03004,
high altitudes: A statistical study of the width and location of the  d0i:10.1029/2006SW000257, 2007.
cusp from MAGION-4, Ann. Geophys., 20, 311-320, 2002, Tsurutani, B. T., Gonzalez, W. D., Gonzalez, A. L. C., Guarnieri,
http://www.ann-geophys.net/20/311/2002/ F. L., Gopalswamy, N., Grande, M., Kamide, Y., Kasahara,

Nagata, D., Machida, S., Ohtani, S., Saito, Y., and Mukai, Y., Lu, G., Mann, I., McPherron, R., Sgrass, F., and Vasyli-
T.. Solar wind control of plasma number density in the unas, V.. Corotating solar wind streams and recurrent geo-
near-Earth plasma sheet, J. Geophys. Res., 112, A09204, magnetic activity: a review, J. Geophys. Res., 111, A07S01,
doi:10.1029/2007JA012284, 2007. doi:10.1029/2005JA011273, 2006.

Neagu, E., Borovsky, J. E., Thomsen, M. F., Gary, S. P., Baumjo-Tsyganenko, N. A. and Mukai, T.: Tail plasma sheet models derived
hann, W., and Treumann, R. A.: Statistical survey of mag- from Geotail particle data, J. Geophys. Res., 108(A3), 1136,
netic field and ion velocity fluctuations in the near-Earth plasma  doi:10.1029/2002JA009707, 2003.
sheet Active Magnetospheric Particle Trace Explorers/lon Re-Wing, S. and Newell, P. T.: Quiet time plasma sheet ion pressure
lease Module (AMPTE/IRM) measurements, J. Geophys. Res., contribution to Birkeland currents, J. Geophys. Res., 105, 7793—
107(A7), 1098, doi:10.1029/2001JA000318, 2002. 7802, 2000.

Newell, P. T. and Meng, C.-l.: Mapping the dayside ionosphere toWing, S., Johnson, J. R., Newell, P. T., and Meng, C.-.. Dawn-
the magnetosphere according to particle precipitation character- dusk asymmetries, ion spectra , and sources in the northward in-
istics, Geophys. Res. Lett., 19, 609-612, 1992. terplanetary magnetic field plasma sheet, J. Geophys. Res., 110,

Perry, C., Eriksson, T., Escoubet, P., Esson, S., Laakso, H., Mc- A08205, doi:10.1029/2005JA011086, 2005.

Caffrey, S., Sanderson, T., Bowen, H.: The ESA Cluster Active
Archive, Proceedings of the Cluster and Double Star Symposium
5th Anniversary of Cluster in Space, ESA SP-598, 2005.

Ann. Geophys., 26, 38894, 2008 www.ann-geophys.net/26/387/2008/


http://www.ann-geophys.net/20/311/2002/
http://www.ann-geophys.net/19/1303/2001/

