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Abstract. An event of strong flux pile-up and plasma deple- (e.g.Crooker et al.1979 Fuselier et a].1991;, Song et al.

tion at the high latitude magnetopause tailward of the cuspl993 Paschmann et all993 Anderson and Fuseligt 993

has been analyzed based on observations by the suite of Clugnderson et a).1994 Phan et al.1994 Farrugia et a.1997,

ter spacecraft. The multi-satellite analysis facilitates the sepPhan et al.1997, 2003 Wang et al. 2003. The main char-
aration of temporal and spatial features and provides a direcacteristics of the layer are a decrease in density and increase
estimate for the strength of the plasma depletion layer forin magnetic field as compared to the values immediate up-
this event. A doubling of the magnetic field strength and astream in the magnetosheath. In addition, an increase in the
forty percent reduction of the density are found. Our analy-ion temperature anisotropy has been observed in the layer,
sis shows that roughly half of the total magnetic field increaseprimarily caused by a decrease in the parallel temperature.
occurs within 0.&R g of the magnetopause and another quar-Factors 2 enhancements for the magnetic field and slightly
ter within a distance of 1.Rg. In addition, the plasma deple- less for the density depletions are typical. The reported
tion signatures exhibit temporal variations which we relate towidth of the layer ranges between ®R2 and 1Rz (Phan
magnetopause dynamics. and Paschmani995 but depends greatly on the exact def-

Keywords. Magnetospheric  physics  (Magnetopause, inition used Farrugia et aJ.1995 Siscoe et a).2002.

Cusp and boundary layers; Magnetosheath; Solar wind- The PDL is most pronounced and most frequently ob-
magnetosphere interactions) served for northward IMF orientation, when magnetic recon-

nection at the dayside magnetopause is often suppressed. A
detailed analysis of this scenario was the subject of the two
recent studies ofVang et al(2003 andWang et al(2004.

Their global Magneto-Hydro-Dynamic (MHD) simulations

The Earth’ heath . f shocked sol ._predict that a stable PDL structure forms during northward
e Earth's magnetosheath consists of shocked solar wingy, - conditions; that the PDL structure extends at least 6 h

plasma whose flow is diverted around the obstacle of thqn MLT away from the sub-solar point and to% latitude
Earth magngticfield. Th? plasma carries a magnetic field thafrom the equatorial plane; and that the PDL is weaker and
drapes against the dayside magnetopause. Unless magnefieyer away from the subsolar poinEuselier et al(2000

reconnection at the low-latitude magnetopause proceeds tuggested that an extension of the PDL to high latitudes for

? raFIe stron? enougr; toﬂprever(;t I, th|§ 'f’ gxplected t(ch Iela orthward IMF could play an important role in sustaining
O piie-up of magnetic Tiux and associated plasma Gepl€yq.qnnection tailward of the cusp by making the flow in the

gg hza:jthe subt-sollzzrgr;ﬁggnetopattusezégq;’\rlvgia ei all' layer sub-Alf\enic. Observational support for this scenario is
3 Anderson et al. , Siscoe et a).2002 Wang et al. provided by the event studies Af/anov et al.(2001), Phan

2003. Observational evidence for a plasma depletion Iayeret al.(2003, andLavraud et al(2004).

(PDL) adjacent to the subsolar magnetopause is plentiful o )
The situation for southward IMF is much less clear. Based

Correspondence tof. Moretto on a boundary layer analysis of the ideal MHD equations,
(tjorgens@nsf.gov) Farrugia et al(1995 predict the existence of a significant

1 Introduction
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The constellation is in a stretched configuration mainly in the
X-direction and remains close to tle=0 plane in the GSM
coordinate system at approximately=—9 Rg. At 09:00 UT
the separation between the leading spacecraft,Rumba (in
black), and the trailing spacecraft, Samba (in green), is
1.8Rg in the X-direction, 1.1Rg in the GSM Y-direction,
and 0.3Rg in the GSM Z-direction. Included in Fig. 1 is
also the orbit for the Polar spacecraft (in magenta), which at
this time is crossing the Equatorial plane from South to North
in the afternoon dayside magnetosheath.

Figure 2 presents an overview of the Cluster magne-
Fig. 1. Orbits of the Cluster (black, red, green, and blue) and po-tosheath crossing for the time interval 07:00-11:00 UT. lon

lar (magenta) satellites for 06:00-11:00 UT on 2 February 2003Measurements from the Hot lon Analyzer (HIA) of the Clus-
in the GSM X-Z (left panel) and Y-Z planes. The background ter lon Spectrometry (CIS) experimerRgme et al. 2007
magnetospheric field lines are from the Tsyganenko-96 model withare available for the Rumba and Samba satellites (panels a—d
B,=-7nT, P;,,=5nPa, andDy;=—40, as appropriate for the in Fig. 2) with 4 s resolution. Magnetic field vectors mea-
event. The figure was produced using the Orbit Visualization Toolsured by the Cluster flux gate magnetometers (F@4)qgh
by Stasiewicz et al2003. et al, 2001 are available for all four spacecraft. For clarity,
one minute magnetic field averages are used in Fig. 2 (panels
e and f). Atthe beginning of the interval (to the left in Fig. 2),
PDL at the magnetopause for the high shear case (southwargl| four Cluster spacecraft are in the magnetosheath. Ex-
IMF) only when the upstream (solar wind) ABm Mach  cept for Samba experiencing two short recursions back into
number is low. In contrasf\nderson et al(1997) conclude  the solar wind around 07:15 UT and 0815 UT, respectively,
from observational evidence that PDL for southward IMF caused by Sharp solar wind density increases, they stay in
occurs primarily during high solar wind density conditions, the magnetosheath for the next several hours. Starting with
which cause the magnetosheath plaghta be large. They  Rumba just after 09 UT and ending with Samba at around
interpret their results in terms of reconnection efficiency atlooo UT, they all gradua”y enter through the magnetopause
the subsolar magnetopause and suggest that larg&mIfv houndary into the cusp/plasma mantle regions. Both the den-
Mach number in the solar wind is what best predicts low re-sity (pane| C) and magnetic field observations (pane]s d and e)
connection efficiency and PDL formation for southward IMF. in the magnetosheath exhibit large variations. Most of these
Results from global MHD simulations presented 8igcoe  are nearly identical at all spacecraft and are observed with
et al. (2009 show no PDL formation for southward IMF. delays of less than a few minutes, being seen first at the out-
Most recentlyMaynard et al(2009 have presented observa- ermost spacecraft (Samba and Tango furthest away from the
tions and global MHD simulation results that show localized magnetopause shown in green and blue, respectively). In ad-
PDL formation for southward IMF conditions when either a dition, clear evidence for flux pile-up through most of the
significant dlpole tilt is present or the IMF has a significant magnetosheath are provided by the magnetic field magni_
X-component. They also present evidence for PDL forma-tude measurements (panel e) in that the traces for the four
tion tailward of the cusp during conditions with avery Strong Spacecraft are Separated and ordered with respect to prox-
southward IMF B, <—20nT) and large dipole tilt. From imity to the magnetopause. The density (panel c) exhibits
a theoretical point of view, the physics governing reconnec-the opposite trend (Rumba, closer to the magnetopause, sees
tion at the Earth’s subsolar magnetopause is still far fromjower densities than Samba), though much less dramatically,
well understood, including the role of magnetic flux pileup in which is evidence for plasma depletion on the magnetically
sustaining fast, driven magnetic reconnectiborelli et al, compressed flux-tubes.
2009. Panels g-j in Fig. 2 show a comparison of the observa-
Here we present observations by the Cluster spacecraft fafions from Cluster Samba (in green as before) with observa-
an event of considerable magnetic flux pile-up and associtions from the Polar (in magenta) and ACE (in cyan) space-
ated plasma depletion at high latitude (basically tailward ofcraft. ACE is near the L1 location far upstream of the Earth
the cusp) during southward IMF conditions. We also report(X=231Rg, Y=1.6Rg, Z=14Rg in GSM coordinates). To
on dynamical magnetopause structures that affect the valuesccount for the propagation of structures from here to the lo-
observed for the depletion layer. cation of Cluster, a delay of 50 min has been applied to the
ACE observations in Fig. 2. Furthermore, to match the values
for Cluster in the magnetosheath, the densities and magnetic
2 Observations field values displayed for ACE both have been multiplied by
afactor of 4. Similarly, the density values displayed for Polar
On 2 February 2003 between 06:00 UT and 11:00 UT, thehave been multiplied by a factor of 30 to account for the fact
Cluster spacecraft traversed the southern hemisphere, highhat they are partial densities calculated from the measure-
latitude magnetosheath along the orbits depicted in Fig. 1ments of the TIMAS instrumenthelley et al.1995 for the
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Fig. 3. Cluster plasma and magnetic field observations for 2 Febru-
ary 2003, 08:15-09:45 UT. From top to bottom are shown den-
sity, parallel and perpendicular temperaturég,, magnetic field
strength, and GSM Z-component. Perpendicular temperatures in
panel (b) are shown in purple for Rumba and in turquoise for
Samba.

energy range 0.7-30 keV. Polar is in the magnetosheath until
just before 10:00 UT when, within a few minutes of Samba,

it enters into the magnetosphere through a rather sharp mag-
netopause boundary.

For the magnetosheath, an almost exact agreement is
found between the density (panel h) and magnetic field vari-
ations (panels g, i, and ) observed at Samba and Polar with
delays of less than a few minutes. Reflecting the fact that
during the time interval from 07 UT to 10 UT Samba moves
from GSM X=8Rp to 5Rg while Polar remains roughly at
\ E 7 R, the variations are observed first at Samba at the begin-
. E—— I e e == ning of the interval but at Polar at the end of the interval. The
o7 UThours " coherency of the variations overR%; and more than Rz,
respectively, in the GSM Z and Y directions, verifies that the

February 2003, 07:00-11:00 UT. Pané and (b) show omni- density and field variations observed by Samb_a in the magne-
directional energy-time spectrograms for Rumba and Samba. IrF)Sh_e_ath are caused by I_arge—scale, pmp?‘g?“”g structures. In
panels(c)-(f) the four colors represent Rumba (black), Salsa (Red)’addmon, most of _the variations ma_tch variations c_Jbser\{e_d at
Samba (green), and Tango (blue). Panels (c)dpghow ion num-  ACE, demonstrating that they are likely of solar wind origin.
ber density and velocity and panéé and (f) show magnetic field We now focus on the time interval from 08:15 UT to
strength and GSM Z-component. In pan@§()) green represents  09:45 UT to analyze the flux pile-up and plasma depletion
Samba, magenta Polar, and cyan ACE. Panel (g) dispalys magnetisear the magnetopause. Figure 3 shows the density, temper-
field strength .(multipli.ed. by a factor 4 for ACE), par{g) displays ature, Alfven Mach numberA,), and magnetic field obser-
nu(Tber d;epsntyémultlﬁhedc‘b%/a :?cto(;;for ACE anct;l 3%?: Polar) \ations for this time interval. The large separation mainly in
and panelgi) and (j) show and £-components of e Mag- o x-direction between Samba and Rumba allows us to de-

netic field (multiplied by a factor 4 for ACE). A delay of 50 min . h . f the fi i I |
has been applied to the ACE data. The two vertical lines mark thefl€rmine the magnitude of the flux pile-up and plasma deple-

approximate times of magnetopause entry for Rumba (black) andion directly (i.e. without the spatial-temporal ambiguity of
Samba (green). single spacecraft identifications). This is illustrated in Fig. 4,

which displays the ratios between values measured at Rumba
and Samba. For clarity, 20 s averages of the magnetic field

Fig. 2. Satellite plasma and magnetic field observations for 2
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Density and Magnetic Field Ratios | Salsa MP
. — W T

measures much stronger magnetic field strength and reduced
density as compared to Samba. At this time, ratios reach
more than 2.0 for the magnetic field strength, but less than
0.6 for the density, and 0.7 for the parallel temperature, re-
spectively, while the ratios fa¥/4 andg decrease to 0.5 and
0.2. Salsa consistently observes smaller magnetic field en-
hancement relative to Samba than Rumba (Fig. 4, top panel).
At the time when Rumba observes maximum enhancement,
o . g | L M the enhancement measured by Salsa is roughly a factor of
Beta and Mach number Ratios 1.5. This means that about half of the total 100% increase in

‘ 'ﬁ ‘M;‘\ magnetic field occur within 0.8 of the magnetopause.

On the other hand, the maximum enhancement measured
by Salsa, at all, is a factor of roughly 1.6, just prior to its mag-
‘ ‘ ‘ | netopause encounter at 09:26 UT. This could be a temporal
0815 0845 0915 0945 UT effect, reflecting a real reduction in flux pile-up at the magne-
topause since the time when it was measured by Rumba (less

Fig. 4. Ratios of Rumba and Samba values for 2 February 2003 : : S
. o than 20 min earlier). There are no indications of changes at
08:15-09:45 UT. Top panel shows ratios for magnetic field strength ) 9

(red) and density (blue), middle panel for parallel (blue) and per-tnIS t'm?dlr;]the solar \(’jV”:]d param(;aters (F.lg' 3 pa_nels 9-J)
pendicular (red) temperatures, and bottom paneMar (red) and that cou ave caused this (e.g. decreasing density or mag-

B (blue). The black curve in the top panel shows the ratio of mag-Netic field strength), though. More likely, it is an effect of the
netic field strength between Salsa and Samba. shorter distance between Salsa and SambaR(@)2han be-

tween Rumba and Samba (R8). This means that Samba is
closer to the magnetopause at the time when Salsa encoun-
o ) ters the magnetopause than it was when Rumba did so and
measurements have been used for this figure. Also includegh . ot his Iocation already observe increased magnetic field

in Fig. 4 (top panel) is the ratio of magnetic fie!d strength as compared to further upstream in the magnetosheath. This
between Salsa and Samba (black curve). Salsa is located bﬁfterpretation implies that roughly 25% of the total increase

tween Samba and Rumba in the X-direction, approximatelyin the magnetic field occurs already at a distance ofRl;2
0.6Rg from Rumba and 1.R; from Samba. Marked by from the magnetopause.

grey shading on the right in both Figs. 3 and 4 is the time
period after the final entry of Rumba into the cusp/mantle as
evidenced by a rapid increase in temperature (Fig. 3, pane}5 Discussion
b) and magnetic field rotation (Fig. 3, panel e). The narrow

grey shading in both figures marks a transient (partial) magrthe comparison between the Rumba and Samba observa-
netopause entry by Rumba, again identified by large increasgong clearly shows significant flux pile-up and plasma deple-
in temperature and strong m_agnet|c field f!uctuatlons. Salsgion adjacent to the southern, high-latitude magnetopause for
enters the cusp/ mantle region at approximately 09:26 UTinis case study during strong southward IMF. The magnetic
(about 15 min later than Rumba) as indicated by the sharRie|q increases by a factor of 2 as compared to the value in the
change in the magnetic field Z-component (Fig. 3, panel e)},,_stream magnetosheath proper while the plasma density
and this time is marked in the top panel of Fig. 4. and parallel temperature decrease by 40% and 20%, respec-
From 08:30 UT to 08:50 UT, the differences in density, tively. The combined effect of these results in a reduction of
parallel temperature, and magnetic field strength (Fig. 3, panthe plasma3 by 80%. This level of depletion is as large as
els a, b, and d) between Rumba and Samba all increase fairlgny of those reported for the subsolar magnetopatused-
steadily. The ratios reach 1.7 and 0.7 for the magnetic fieldson et al.1997), even when including the low magnetic shear
strength and density (Fig. 4, top panel), respectively, and 0.§northward IMF) cases. This depletion even exceeds that ob-
for the parallel temperature (Fig. 4, middle panel). The ratiosserved at the high-latitude magnetopause in all of the recent
for M4 andg (Fig. 4, bottom panel) decrease as low as 0.5northward IMF case studieg\¢anov et al, 2001, Fuselier
and 0.2, respectively. The Plasma flow at Rumba clearly beet al, 2002 Phan et a].2003 Lavraud et al.2004. Accord-
comes sub-Alfenic (4 <1 in Fig. 3, panel ¢). Next, from ing to the ACE observations (Fig. 2), the event occurs during
08:50 UT to 08:57 UT, these parameters all exhibit a com-strong southward IMFEy~B,~—7 nT) and solar wind den-
plex pattern, in which the differences first almost disappearsity (=12 cn3) and ram pressure(,,~5 nPa, not shown)
(ratios close to 1 in Fig. 4) for the first roughly 5min and that are also above normal. Whether this is enough to qualify
then briefly resume their prior values for a few minutes be-as an example of “extreme driving of the magnetosphere” as
fore Rumba observes the transient magnetopause encounteonsidered irMaynard et al(2004) is not clear, though. The
(narrow grey shading). Finally, for a short time just prior to Alfv &n Mach number for the upstream solar wind is 6-8 (not
the final magnetopause encounter (between the narrow anshown), which clearly means that the event does not fulfill
wide grey shaded areas in Fig. 3 and Fig. 4), Rumba agaithe prediction ofFarrugia et al(1995 that PDL formation
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for southward IMF requires unusually low solar wind Mach transient magnetopause entry of Rumba. It is not unreason-
number §4/4~3). Model predictions for the width of the able to assume that the magnetosheath plasma immediately
PDL are all rather vague, especially for southward INFRr¢ adjacent to the magnetopause would also be affected by the
rugia et al, 1995 Siscoe et a).2002. To our knowledge structure as it moves through. For example, the advancing
no observational results exist for the southward IMF casemagnetopause bulge could create a region of increased den-
at such high latitudes. A width between ®g (50% mag-  sity ahead of it which might cause a decrease in the expected
netic field increase) and 1R: (25% increase), however, is depletion at Rumba. Very recently, global magneto-hydro
in good general agreement with observations and model predynamic simulations of the solar wind magnetosphere inter-
dictions for the northward IMF cas®fan and Paschmann action applying unprecedented high spatial resolution at the
1995 Wang et al.2003. Our results clearly verify that one magnetopause have provided results for the reconnection dy-
of the effects of the flux pile-up and depletion is to make the namics at the dayside magnetopause and corresponding FTE
flow near the magnetopause sub-Alfic, even for this high-  occurrence that seems to be compatible with the observations
latitude southward IMF case. The potential important role of shown here (M. Kunetzova, private communication, 2004).
this mechanism in the reconnection process at the daysida detailed comparison has not yet been done.
magnetopause for both the southward and northward IMF

cases has been suggested\bylerson et al(1997), based on

subsolar observations for all IMF orientations, @hgselier 4 Summary and outlook

et al. (2000, based on high-latitude observations for north- We have analyzed a magnetosheath traversal by the Clus-

ward IMF. : - .
To explain the changes to the flux pile-up and depletionter suite of spacecraft during a period of strongly southward
IMF and above average solar wind density conditions. The

observed in relation with the transient magnetopause SNevent study provides clear evidence for intense magnetic flux
counter at~09:00 UT (narrow grey shading in Figs. 3 and yp 9

4), we shall briefly discuss two different scenarios. First, wep"e_uIO and plasma depletion adjacent to the southern, high-

consider the possibility that the brief density enhancemen%at'tUde magnetopause during these conditions. The strength

observed by Samba around 08:50 UT sets the magnetopaugé the flux pile up and depletion measured for this event is
) . . . comparable to, if not stronger than, those recently reported
in oscillatory motion, causing both the magnetopause en; _ °* . : .
: . ; ..~ for high-latitude northward IMF cases. Using Cluster multi-
counter at Rumba and the changes just prior to it. This im- . .
: N . . spacecraft measurements, our analysis provides not only the
plies that the density increase would first, effectively, move_. A . "
first direct measurement of the magnitude of the flux pile-
Rumba further away from the magnetopause, out of the de-

pletion layer, which could explain the observed changes beP and depletion in the PDL but also the first direct estimate

’ ) R . of the width of the layer. Analyzing all of the high latitude
tween 08:50 UT and 08:55 UT in Figs. 4 anc_i 5 (the ratios a"magnetosheath crossings by Cluster during the large sepa-
getting close to 1). The subsequent density decrease ther%tion cusp phase in this way would provide important ob-
WOUI(.j overshoot the magnetopause bfiCk out paSt.Rumbas’ervational constraints on the parameters that govern PDL
causing the spacecraft to pass through first the depletion lay%rmation. We propose this for a future investigation.

and then the magnetopause itself, which could match the ob- Changes to the flux pile-up and depletion are observed in

served changes between 08:55 UT and 09:02 UT. Finally, t.herelation with a transient encounter of the magnetopause. Two

magnetopause would retract slightly, leaving Rumba, agamgossible scenarios for the transient that might explain this

in a strongly compressed and depleted region just outside th . . o :

) . . ere discussed. A brief density increase propagating through
magnetopause, matching the observations between 09:03 Ut e maanetosheath mav set the maanetonause and the adia-
and 09:10 UT. We note, however, that the density pulse is 9 y 9 P )

brief (duration less than 3 min) and not very large (approxi-cent plasma depletion layer in motion, causing the transient

) magn ncounter as well he variations in th -
mate increase of 45% and subsequent decrease of 55%, reiad etopause encounter as well as the variations in the de

spectively). It is not clear that this is consistent with the tim- pletion parameters observed by the spacecratt. Alternatively,

ing of the magnetopause response as described above (dhh—e observed features may be the effect of a FTE originat-

. ) ) . ‘’Ihg at a merging site at lower latitudes and moving tailward
ration of more than 15min). Consequently, while this in-
. . . along the magnetopause and over the spacecraft.
terpretation explains the sequence of features quite well, the

problem with the timing makes it highly questionable. AcknowledgementsWVe gratefully acknowledge the use of the ACE
An alternative explanation is that the transient magne-mr| and SWEPAM data as well as Polar MFE data. We thank W.

topause encounter by Rumba is caused by a structure resulk- Peterson for making Polar TIMAS measurements available for

ing from reconnection dynamics at a lower latitude merg- this study.

ing site and moving tailward along the magnetopause. The Topical Editor T. Pulkkinen thanks C. Farrugia and another ref-

features of the transients may be consistent with the signaeree for their help in evaluating this paper.

ture of a so called Flux Transfer Event (FTE) close to the

magnetopauseE(phic, 1995, but the exact classification is

not important for the discussion and has not been pursued

here. Essentially, the structure would appear as a bulge on

the magnetopause and its motion tailward could cause the



2264 T. Moretto et al.: High latitude PDL during southward IMF

References SRef-ID: 1432-0576/ag/2004-22-2151
Paschmann, G., Baumjohann, W., Sckopke, N., Phan, T. D., and

Anderson, B. J. and Fuselier, S. A.: Magneic pulsations from 0.1to Luhr, H.: Structure of the dayside magnetopause for low mag-
4.0Hz and associated plasma properties in the Earth’s subsolar netic shear, J. Geophys. Res., 98, 13409-13 422, 1993.
magnetosheath and plasma depletion layer, J. Geophys. Res., 9Bhan, T., Frey, H., Frey, S., Peticolas, L., Fuselier, S., Carlson, C.,
1461-1480, 1993. Reme, H., Bosqued, J.-M., Balogh, A., Dunlop, M., Kistler, L.,

Anderson, B. J., Fuselier, S. A., Gary, S. P., and Denton, R. E.: etal.: Simultaneous Cluster and IMAGE observations of cusp re-
Magnetic spectral signatures in the Earth’s magnetosheath and connection and auroral proton spot for northward IMF, Geophys.
plasma depletion layer, J. Geophys. Res., 99, 5877-5892, 1994. Res. Lett., d0i10.1029/2003GL016885, 2003.

Anderson, B. J., Phan, T.-D., and Fuselier, S. A.: plasma depletiorPhan, T.-D. and Paschmann, G.. The magnetosheath region ad-
and subsolar reconnection, J. Geophys. Res., 102, 9531-9542, jacent to the dayside magnetopause, in: Physics of the mag-
1997. netopause, (Eds.) Song, P., Sonnerup, BOY.and Thomsen,

Avanov, L. A., Smirnov, V. N., Waite, J. J. H., Fuselier, S. A., and M. F,, Vol. 90 of Geophysical Monograph, 115, AGU, Washing-
Vaisberg, O. L.: High-latitude magnetic reconnection in sub- ton, D.C., 1995.
alfvenic flow: Interball Tail observations on 29 May 1996, J. Phan, T. D., Paschmann, G., Baumjohann, W., Sckopke, N., and
Geophys. Res., 106, 29491-29502, 2001. Luhr, H.: The magnetosheath region adjacent to the dayside mag-

Balogh, A., Carr, C., Acuna, M., Dunlop, M., Beek, T., Brown, P.,  netopause: AMPTE/IRM observations, J. Geophys. Res., 99,
Fornacon, K.-H., Georgescu, E., Glassmeier, K.-H., Harris, J., 121-142,1994.

Musmann, G., Oddy, T., and Schwingenschuh, K.: The ClusterPhan, T. D., Larson, D., McFadden, J., Carlson, C., Moyer, M.,
Magnetic Field Investigation: overview of in-flight performance ~ Paularena, K. I., McCarthy, M., Parks, G. KeRe, H., Sander-
and initial results, Ann. Geophys., 19, 1207-1217, 2001, son, T. R., and Lepping, R. F.: Low-latitude dusk flank magne-
SRef-1D: 1432-0576/ag/2001-19-1207 tosheath, magnetopause, and boundary layer for low magnetic

Crooker, N. U., Eastman, T. E., and Stiles, G. S.: Observations shear: Wind observations, J. Geophys. Res., 102, 19 883-19 896,
of plasma depletion in the magnetosheath at the dayside magne- 1997.
topause, J. Geophys. Res., 84, 869-874, 1979. Reme, H., Aoustin, C., Bousqued, J.-M., Dandouras, |., Lavraud,

Dorelli, J. C., Hesse, M., Kuznetsova, M. M., and Rastaet- B., Sauvaud, J., Barthe, A., Bouyssou, J., Camus, T., Coeur-Joly,
ter, L.. A new look at driven magnetic reconnection at  O., Cros, A, Cuvilo, J., Ducay, F., et al.: First multispacecraft
the terrestrial subsolar magnetopause, J. Geophys. Res., 109, ion measurements in and near the Earths magnetosphere with the
doi:10.1029/2004JA010458, 2004. identical Cluster ion spectrometry (CIS) experiment, Ann. Geo-

Elphic, R.: Observations of Flux Transfer Events: A Review, in:  phys., 19, 1303-1354, 2001,

Physics of the magnetopause, (Eds.) Song, P., Sonnerup, B. SRef-ID: 1432-0576/ag/2001-19-1303
U. O., and Thomsen, M. F., Vol. 90 of Geophysical Monograph, Shelley, E. G., Ghielmetti, A. G., Balsiger, H., Black, R. K.,
225, AGU, Washington, D.C., 1995. Bowles, J. A., Bowman, R. P., Bratschi, O., Burch, J. L., Carl-

Farrugia, C., Erkaev, N. V., Biernat, H., and Burlaga, L.: Anoma- son, C. W., Coker, A. J., Drake, J. F., Fischer, J., Geiss, J., John-
lous magnetosheath properties during Earth passage of an inter- stone, A., Kloza, D. L., Lennartsson, O. W., Magoncelli, A. L.,
planetary magnetic cloud, J. Geophys. Res., 100, 19 245-19 258, Paschmann, G., Peterson, W. K., Rosenbauer, H., Sanders, T. C.,

1995. Steinacher, M., Walton, D. M., Whalen, B. A., and Young, D. T.:
Farrugia, C. J., Erkaev, N. V., Biernat, H. K., Lawrence, G. R., and The Toroidal Imaging Mass-Angle Spectrograph (TIMAS) for
Elphic, R. C.: Plasma depletion layer model for low&dfMach the Polar Mission, Space Sci. Rev., 71, 497-530, 1995.
number: Comparison with ISEE observations, J. Geophys. Res.Siscoe, G. L., Crooker, N., Erickson, G., Sonnerup, B., Maynard,
102, 11315-11 324, 1997. N., Schoendorf, J. A., Siebert, K. D., Weimer, D., White, W.,

Fuselier, S. A., Klumpar, D. M., Shelley, E. G., Anderson, B. J., and Wilson, G.: MHD properties of magnetosheath flow, Planet.
and Coates, A. J.: He2+ and H+ Dynamics in the Subsolar Mag- Space Sci., 50, 461-471, 2002.
netosheath and Plasma Depletion Layer, J. Geophys. Res., 9&ong, P., Russell, C. T., Fitzenreiter, R. J., Gosling, J. T., Thom-
21095-21104, 1991. sen, M. F.,, Mitchell, D. G., Fuselier, S. A., Parks, G. K., Ander-
Fuselier, S. A., Petrinec, S. M., and Trattner, K. J.: Stability of the son, R. R., and Hubert, D.: Structure and properties of the sub-
high-latitude reconnection site for steady northward IMF, Geo-  solar magnetopause for northward interplanetary magnetic field:
phys. Res. Lett., 27, 473—-476, 2000. Multiple-instrument particle observations, J. Geophys. Res., 98,
Fuselier, S. A., Jr., J. H. W,, Avanov, L. A., Smirnov, V., Vaisberg, =~ 11319-11338, 1993.
0., Siscoe, G., and Russell, C. T.: Characteristics of magne-Stasiewicz, K., Khotyaintsev, M., and Khotyaintsev, Y.: Orbit Visu-
tosheath plasma in the vicinity of the high-altitude cusp, Planet. alization Tool Version 2.3ttp://ovt.irfu.se 2003.

Space Sci., 50, 559-566, 2002. Wang, Y. L., Raeder, J., Russell, C., Phan, T., and Manapat, M.:
Lavraud, B., Phan, T., Dunlop, M., Taylor, M., Cargill, P., Bosqued, Plasma depletion layer: Event studies with a global model, J.
J.-M., Dandouras, ., 8&ne, H., Sauvaud, J.-A., Escoubet, C.,  Geophys. Res., 108, 1010, doi:10.1029/2002JA009281, 2003.

Balogh, A., and Fazakerley, A.: The exterior cusp and its bound-Wang, VY. L., Raeder, J., and Russell, C. T.: Plasma depletion layer:
ary with the magnetosheath: Cluster multi-event analysis, Ann. Magnetosheath flow structure and forces, Ann. Geophys., 22,
Geophys., 22, 3039-3019, 2004, 1001-1017, 2004,
SRef-1D: 1432-0576/ag/2004-22-3039 SRef-ID: 1432-0576/ag/2004-22-1001
Maynard, N., Burke, W., Scudder, J., Ober, D., Siscoe, G., White,
W., Siebert, K., Wiemer, D., Erickson, G., Schoendorf, J., and
Heinemann, M. A.. Observed and simulated depletion layers
with southward IMF, Ann. Geophys., 22, 2151-2169, 2004,


http://direct.sref.org/1432-0576/ag/2001-19-1207
http://direct.sref.org/1432-0576/ag/2004-22-3039
http://direct.sref.org/1432-0576/ag/2004-22-2151
http://direct.sref.org/1432-0576/ag/2001-19-1303
http://ovt.irfu.se
http://direct.sref.org/1432-0576/ag/2004-22-1001

