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Abstract. On some rare occasions, data from the Clusterl Introduction
lon Spectrometer (CIS) in the mid-altitude cusp reveal over- o _ _ .
lapping ion populations under northward interplanetary mag-1.1  Velocity filter effect and ion dispersion

netic field (IMF). While the poleward part of the cusp ex- o
hibits the expected reverse dispersion due to lobe reconned-"€ Well-known velocity filter effect that affects the mag-

tion, its equatorward part shows a second ion population af€tosheath ions injected into the magnetospheric cusps is
higher-energy that coexists with the low energy tail of the thought to be the cause of ion dispersions observed by low-
dispersion. This second population is either dispersionles@nd mid-altitude satellites (Reiff et al., 1977; Burch et al,,
or slightly dispersed with energies increasing with increas-1982). Basically, higher energy ions travel faster along con-
ing latitudes, indicative of lobe reconnection as well. Our VECting magnetic field lines and thus reach a given altitude
analysis of a case that occurred 3 September 2002 when tH‘gst, i.e. at an earlier stage of the fleld_ line convection. The
IMF stayed northward for more than two hours suggests thafliSPersion depends therefore on the distance between the re-
the second population comes from the opposite hemispherféonnecuon site and the satel_hte aboard which the c_zllspe_rsmn
and is very likely on newly-closed field lines. We interpret IS récorded, and on the motion of newly-opened field lines
this overlap of cusp populations as a clear mid-altitude sig-(direction and magnitude of the convection velocity). When
nature of re-closed magnetic field lines by double lobe re_the IMF is southward, reconnection is expected to occur at
connection (reconnection in both hemispheres) under northth® dayside magnetopause between the two cusps and the
ward IMF. This interpretation is supported by modelling per- convection to be directed antl-su_nward. The dlsper_smn is
formed with the Cooling model and an MHD model. then such that the energy of Fhe ions detected at a given al-
] ] titude decreases with increasing latitudes. In contrast, when
Keywords. Magnetospheric physics (Magnetopause, cuspyne IMF points northward, reconnection is favoured at high-
and boundary layers; Solar wind-magnetosphere interacpaitude, poleward of the cusps. The convection in the cusps
tions) is then sunward and the dispersions are then reversed (Burch
et al., 1980) and show decreasing energies with decreasing
latitudes. In absence of IMF data, the type of dispersion one
observes in the ion data provides a simple and rather reliable
way to find out under which IMF polarityR; positive or neg-
ative) the cusp crossing occurred (e.g. Pitout et al., 2009).
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1.2 Dual lobe reconnection any of the two simple cases (dispersion or reversed disper-
sion). Yamauchi and Lundin (1994) identified a variety of
When the IMF has a positive Z-component and small X- andmorphologies depending on the IMF conditions. More re-
Y-components (so that the cone and clock angles of the IMFcently, Pitout et al. (2009), while performing their statisti-
are close to 90and O, respectively), reconnection may oc- cal study of the mid-altitude cusp, noticed a peculiar mor-
cur, simultaneously or not, in the lobes of the two hemi- phology: on some rare occasions, the cusp exhibits an over-
spheres (Dungey, 1963; Cowley, 1981) leading to newly-lap of two magnetosheath ion populations under northward
closed field lines on the dayside (Lockwood and Moen, 1999;IMF. This feature, i.e. the overlap of ion populations in the
Lavraud et al., 2006). The closure of two open field lines cusp, was reported by a few authors in the past but mainly for
yielding an external newly-closed field line in the dayside southward IMF conditions (Trattner et al., 1998). Such over-
magnetosheath, near the magnetopause, was put forward kaps were then explained in terms of a pulse of reconnection
explain the formation of a thick low-latitude boundary layer catching up with another (Lockwood, 1995) or by a pressure
under northward IMF (Song and Russell, 1992). However,pulse (Xue et al., 1997).
it remains unclear whether the two reconnections have to be The northward IMF case though is much less documented.
simultaneous or if their successive occurrence may also leatthere is evidence that, at times, equatorward of the cusp,
to the same result (Bogdanova et al., 2005, 2008). a second ion dispersion with increasing energies ions with

The signatures of newly-closed magnetic field lines decreasing latitudes is observed. Topliss et al. (2000) have
formed by dual lobe reconnection are remarkably well sum-modelled those two ion populations in the cusp under pro-
marised by Hu et al. (2008). Those signatures can be foundbnged northward IMF conditions, one dispersed coming
in the plasma parameters either near the magnetopause (ifrom the velocity filter effect, the second at higher energies
side or outside) or in the middle altitude cusp (as presentedoward the equator, due to the increased contraction speed of
in this paper). reconnected field lines.

Bidirectional electrons beams are observed on both sides In this paper, we present one of those peculiar cases where
on the magnetopause: outside the magnetosphere in the magvo reversed dispersions overlapping each other are observed
netosheath boundary layer (Onsager et al., 2001) and insidia the mid-altitude cusp by the Cluster spacecraft.
the magnetosphere in the LLBL. Also, the existence of a
trapped plasma sheet population mixed with an accelerated
magnetosheath population is thought to be a signature insid2 Observations
the magnetosphere.

In the cusp, reclosed magnetic field lines may be identi-2.1 ACE data
fied by the presence of downgoing oxygen ions likely out-
flowing from the opposite hemisphere’s ionosphere (FuseliefOn 3 September 2002, while the four Cluster spacecraft (Es-
et al., 2001), the presence of accelerated plasma ascribed gpubet et al., 2001) were orbiting the Earth in the dayside
the additional acceleration at the second reconnection sitenagnetosphere at middle altitude in a “string of pearls” con-
and the presence of an isotropic plasma population due téiguration, i.e. following one another, they went successively
pitch-angle scattering of ions and electrons made possible byhrough the Southern Hemisphere’s cusp. The first panel of
a long field line lifetime since it was reclosed (Bogdanova Fig. 1 gives an overview of the prevailing IMF data during
et al., 2005). However, as pointed out by Hu et al. (2008)our observations and of the Cluster data between 06:20 and
who compared the results and diverging conclusions of Bog08:20 UT. The first panel displays the three GSM component
danova et al. (2005) and Provan et al. (2005) about the plasmaf the IMF measured by the MAG instrument (Smith et al.,
convection associated with the reclosure of open field lines,1998) on board the ACE spacecraft (Stone et al., 1998). The
there seems to be different signatures depending on the stagtata from the OMNI dataset (shifted data to the bow shock
of the reclosed field lines’ lifetime. Likewise, they also men- nose) have been lagged by an additional 10 min to account
tion that the expected IMF conditions for having dual lobe re-for the propagation from the bow shock to the Cluster space-
connection vary from one study to another. For instance, Im<raft. We can see that the OMNI procedure failed to lag
ber et al. (2006) suggested that a very strong northward IMRthe ACE data from~08:05 onward. The Z-component (in
with a clock angle smaller that 1@in absolute value) was red) of the IMF remained around10nT during almost the
required, whereas the statistical study performed by Lavraudvhole time interval except after 07:40 UT whBpdecreased
et al. (2006) revealed cases of dual lobe reconnection whiléwice down to+5nT at 07:50 UT and just below 0 nT around

the clock angle of the prevailing IMF was as highia40°. 08:00 UT. The two other components x (green) and y (blue)
are rather stable until 07:15 UBx ~ 0 andBy ~ —5nT. Af-
1.3 Overlapping ion populations in the cusp ter 07:15 UT,By starts a slow decrease and reachéT at

07:50 UT, while By slowly increases te-4nT at 07:50 UT.
Nonetheless, the cusp also often exhibits more disturbed bd-ike for B, the interval 07:50-08:05 UT in somewhat more
haviours and large scale morphologies that do not fall indisturbed: By varies around-5nT andBy peaks at-9nT
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Fig. 1. From top to bottom, the 3 components of the IMF measured by ACE (shifted by 65 min to take into account the propagation time)
and energy-time ion spectrograms from Cluster-CIS on board spacecraft 1, 4 and 3.

around 08:00 UT. From 08:05 UT, the values of all compo- differential energy fluxes~10’ eV srtcm2s1) and en-
nents return to a stable regime&y ~ —3nT, By ~ —1nT, ergy range {keV) of this population, there is no doubt that

andB; ~+10nT. it is also of magnetosheath origin. SC3 is the last spacecraft
to reach the cusp at07:40 UT (bottom panel). The CIS in-
2.2 Cluster-CIS data strument aboard also records a reversed dispersion of magne-

tosheath ions and, startinga07:50 UT, a second population

The three last panels of Fig. 1 show ion spectrograms of preat higher energy that overlaps with the first one. One should
cipitating particles (pitch-angle between 140 and?)80ea-  note that in this data set, the two ion populations are more
sured by CIS (Rme et al., 2001) instrument on board space-detached and second dispersion is more extended in latitude
craft (SC) 1, 4 and 3 (SC2 ion data are not available). Thecompared to SC4 data.
periods of high flux of~keV ions are characteristic for the ~ Figure 2 shows a velocity distribution function measured
polar cusp: magnetosheath ions are detected. SC1, SC4 afy SC4 at 07:38 UT, when two overlapping ion populations
SC3 record successively reversed ion dispersions starting reare recorded. The top panel shows the colour-coded energy
spectively at 06:30 UT, 07:30 UT and 07:40 UT, typical for flux as a function of the velocity components perpendicu-
northward IMF (Bosqued et al., 1985). lar and parallel to the local magnetic field. We clearly see

Chronologically, SC1 is the first spacecraft of the Clus- in dark red two high-flux populations: one rather isotropic
ter fleet to cross the cusp. The ion spectrogram recordedith an anti-parallel population of100kms* and a par-
by its CIS instrument (2nd panel), shows one reversed disallel population of 250km's' (as expected on old recon-
persion starting at-06:30 UT, followed from 06:40 UT by nected field lines: outgoing/reflected magnetosheath ions
a ion population at lower energies, which does not exhibit ahave higher energies than down-going ions), and another
clear large-scale dispersion. Then SC4 entered the cusp &€n mainly in the anti-parallel direction (precipitating ions)
~07:26 UT (third panel). Its CIS spectrometer also recordsat @8bout-400 kms*. The bottom panel shows the same dis-
a reversed dispersion for about 10 min. An interesting fea-tribution function but in the plane perpendicular to the mag-
ture should draw the reader’s attention: frer07:35UT, a  Netic field.
second ion population appears at higher energy. Given the
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Fig. 3. CIS-CODIF data from SC1 with from top to bottom: the
H+ density, the 3 GSM components of H+ velocity perpendicular
and parallel toB, an energy-time H+ spectrogram, and two pitch
angle-time spectrograms for H+ withh < 400 eV andE > 400¢eV,
40 as functions of universal time.
-1000  —-500 0 500 1000
Vperp1 (km/s) . e . . .
sity plasma (10-20cnv) with high fluxes exceeding

Y% 1am—2a1lay-1 of ~ ; :
Fig. 2. Cuts of the ion distribution function recorded by CODIF on 10%eVsr=cm s "eV~" of ~keV ions. The convection

SC4 at 07:38:33 UT in a plane parallel to the magnetic field (top) Plasma velocity (around 50 knT%_) associated to downgo-
and perpendicular to the magnetic field (bottom). ing protons indicate that SC1 flies through open magnetic
field lines reconnected in the Southern Hemisphere. The pos-

itive Vi confirms that these open field lines convect sunward.
) _ ) The features of open field lines (high plasma velocity, high
To have a more precise and detailed view of the plasmgyensity, and precipitating protons) stop at around 06:36 UT.
properties in the regions of interest, we have plotted in thetpen the plasma becomes even denser (up3®cn3) and
Figs. 3, 4, and 5 data from CIS-CODIF analyzers onboards convection velocity drops suddenly to very low values.
the Cluster SC1, 4 and 3, respectively. (For SC3, the datg|sq from this time on, lower-energy protons are observed at
come partly from the CIS-HIA detector; see below). Each g pitch angles while higher-energy protons are seen mainly
figure shows from top to bottom the H+ density, the 3 GSM i, the parallel direction (up-going). The spacecraft is fly-
components of the H+ velocity perpendicular and paralleling through this dense region until about 06:55 UT. It has
to the magnetic field, an energy-time H+ spectrogram, andg e noted that from-06:45 UT to 06:55 UT, high-energy
two pitch angle-time spectrograms for H+ whose energy isfe,y ke\/) and isotropic ions are again recorded and that after
greater and lower to 400 eV, as functions of universal time. (g.55 UT, when high-energy plasma sheet ions are detected,
When SC1 first encounters the southern polar cuspCIS still detects a 2 keV ion population until 07:10 UT.
the IMF is then (0, -5, +10)nT in GSM. Slightly At 07:26 UT, SC4 (Fig. 4) enters a region of high fluxes
before 06:30UT, CODIF starts to detect higher den-of ~keV ions. The ion signatures resemble those recorded
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Fig. 4. Same as Fig. 3 for SCA4. Fig. 5. Same as Fig. 3 for SC3 except that the moments come from

the CIS-HIA sensor.

by SC1. The clearly dispersed part of the ion population

(between 07:26 and 07:32 UT) is associated with moderat&lominantly weekly { +10kms*) sunward at the begin-
increase of the ion density up to 10ch a sunward con-  hing of the crossing (until 07:48 UT) and then, keeps glob-
vection flow, and precipitating protons (positive Z compo- ally a null or weak antisunward direction throughout the rest
nent of the parallel velocity and, equivalently, pitch angles ©f the time interval presented. This weak plasma velocity is
close to 180). Then, between 07:32 UT and 07:45 UT (when thus recorded when the two overlapping ion dispersions are
high-energy plasma sheet ions are detected) protons are mofbserved, between 07:50 and 08:00 UT. Right after these two
isotropic, filling all pitch angles. From 07:40 UT, a second dispersions are observed, there is a region, which is not de-
area of high ion flux (dark red) is recorded just below 1 keV. tected by CIS onboard SC1 and 4 that is observed between
One can again observe a keV ion population overlapping?8:00 and 08:07 UT. This ion population exhibits no large
with plasma sheet ions until 07:58 UT. scale energy dispersion and has energies between 100 eV and

SC3 is the last satellite to fly through the region of inter- ~3keV. The detection of this population corresponds to a

est. We have displayed in Fig. 5 data recorded by its ClSweaker ion density¢15 cnT%) and westward convection.

instrument but in a slightly different way. Since the CODIF

sensor has always had degraded performance and that indeéeéd  Cluster-PEACE data

the moments (not shown) looked very noisy, we have plotted

in the two top panels the ion density and velocity perpen-We have used electron data from the PEACE instrument
dicular to the magnetic field (as for SC1 and SC4) recorded Johnstone et al., 1997) onboard SC1, and SC3 (PEACE
by the HIA sensor instead. Similarly to our previous ob- data from SC4 not available). Figures 6 and 7 both show
servations, the ion density increases to moderate values gfitch angle-time spectrograms for several energy bins be-
about 10 crm® at the beginning of the cusp encounter, heretween 2.8eV and 1.1keV from the LEEA sensor. The pitch

just after 07:40 UT, before ramping up to values between 30angle distribution is indicated for each energy channel, rang-
and 40cm?3. The plasma flow perpendicular ® is pre- ing from O at the bottom to 180at the top of each panel.

www.ann-geophys.net/30/489/2012/ Ann. Geophys., 30, 480% 2012
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When entering the cusp, electron sensors onboard all SC1 observes an increase of flux of the electrons in the
spacecraft detect as expected high fluxes-@00eV elec- range ~40-400eV at~06:30UT, with electrons aligned
trons in the directions parallel and anti-parallel to the mag-with the field but with anti-parallel fluxes dominant, in-
netic field. The detections start at 06:30 UT for SC1 anddicative of magnetosheath electrons injected into the cusp.
shortly after 07:40 UT for SC3, which is consistent with the Rapidly, from 06:35 UT, the electrons become more bidirec-
timing given by the ion spectrometer (previous section). tional, indicative of electrons being injected at a reconnection
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site (anti-parallel) and electrons bouncing at low altitude By taking two points a two different energies or velocities
(parallel). At 06:55 UT, the energy fluxes drops at all ener- (noting thatE; = 1/2mvi2), the distance to the reconnection
gies and keV electrons start to be detected around 07:57 UTpoint or line is then given by the simple relation:
indicative of dayside plasma sheet. (ta—11)

The SC3 PEACE data, from 07:40UT untl07:47UT  D=-~>—
show high fluxes of field aligned electrons, with fluxes dom- Vi

mgt?@f?ETthe ant|—dpa:ﬁllehd|rect|t;)n (into the Cuspl). F“;”? In a 1/ V-time spectrogram (where is the velocity of pre-
' onward, the Tluxes bécome more balanced Incipitating ions), the slope of the dispersion gives us almost
the parallel and antiparallel direction, which is clearly vis-

o directly the distance to the reconnection site.
|ple In énergy range 39-220eV. (1-D'c.uts .Of the electron Using ion data from SC3 between 07:44 and 07:50UT
distribution functions, not shown, exhibit this tendency as

well.) We note that this is also accompanied by the appearfor the first dispersion (the polewardmost one), and between

X . 07:52 and 07:59 UT for the second dispersion, we have found
ance of more energetic electrons (enhanced flues in 200—

. [ dist f & and 27R tively. Furth ,
300eV). After 07:58 UT there are sporadic appearances O&ave islances ot Se an E TESpectively. Furthermore

) ! e see that the poleward edges of the two dispersions are
400-1000eV electrons. From 0.8.'00 UT to .08'93 pT, .elec'temporally separated by6 min. Let us consider two protons
tron energy fluxes decrease significantly while bi-directional

; . i whose energy is 1 keV and pitch-angkednd being injected
electrons continue to be observed. Finally, betwe®8:03 at respectively 9 and 2. If we estimate the time delay

"Between the arrivals at Cluster of these two protons coming
Srom their respective injection point, we find7 min. This

tered, indicated by the appearance of 1keV electrons), ele

trons with e.”er.g'es“39‘35° eVare enhap ced a}ntl-parallel to delay is in good agreement with the observed time delay of
the magnetic field and one can see a dispersion of the Ioweé min. We should emphasize that this calculation is obvi-

energy CUt'.Off with energy increasing W'.th “m? (_|.e. decreas-ously independent of the actual locations of the two injection
ing with latitude). This could be indicative of injected elec- _.

trons through dayside magnetic reconnection and the initia-

tion of a low latitude boundary layer structure (lower fluxes 3 2 on the origins of the two dispersions

of electrons with energies between magnetosheath and mag-

netospheric). Regarding the first dispersion,Rg between the injection
point and Cluster correspond to an injection point in the
Southern Hemisphere lobe, close to the spacecraft. For the

3 Interpretation and discussion second dispersion, we have a priori two scenarios: either the
. S _ magnetosheath ions have been injected in the same lobe as
3.1 Distances to injection points the first population, i.e. in the Southern Hemisphere, or they

_ _ _ have been injected in the Northern Hemisphere’s lobe. If one
Atfirst glance, the slopes of the two dispersions recorded byfield line of the southern lobe gets reconnected to the IMF in
SC3 (or SC4) are different, indicating that the points of in- the Southern Hemisphere and this same field line reconnects

jection where the two ion populations originate from are notyjth a field line of the northern lobe, we obtain a newly-
at the same distance from the satellite (or that the convectiog|osed field line on which coexist two ion populations that

velocity has changed). Moreover, back to distribution func- have been injected, one in each hemisphere.
tion in Fig. 2, the population at lower energies is presumed \We should add that the modelling by Topliss et al. (2000)
to come from a closer injeCtion site but was injected earlierthat exp|ains the h|gh energy part of the equatorward bound-
because both precipitating and reflected ions are recordecyry of the cusp under northward IMF does not explain our
On the other hand, the second population at high energies ighservations of two overlapping reversed ion dispersions be-
mainly seen as precipitating particles. These ions have probcause the dispersion predicted by their modelling (increasing
ably not had the time to be reflected at this stage. energy with decreasing latitude) is not the one observed here.
We have used the well-known time-of-flight effect (Rosen- However, it may well explain the high-energy ionsI keV)
bauer et al., 1975) and lower cut-off energy of the cusp ionsound equatorward of the cusp in the data of all satellites.
(Lockwood and Smith, 1994; Lockwood, 1997) to estimate Moreover, a distinct population but not dispersed, is observed
the travel distance along the magnetic field lines between thes the continuation of the main cusp ion population as mod-
satellite and the reconnection sites. The enéiggf a given  elled by the same authors. One should note that-tkisV
zero-pitch angle ion of mass as a function of the distance jon population persists for a while and overlaps with high-
to the reconnection sit® and the time of flight; —1g, is energy dayside plasma sheet ions.
given by Lockwood (1995, 1997):

E__m D 2
T2 \i—1

www.ann-geophys.net/30/489/2012/ Ann. Geophys., 30, 480% 2012
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Noaoady T R ST ' field lines reclosed by dual lobe reconnection are observed.
DRF50 % ’\ 1 These signatures, some of which are summarized by Hu et
e al. (2008), are the following:

e e — Increase in the ion density: new closed field line eventu-
B i g T AN ally form the LLBL under northward IMF ad we know
A AR 1 that under these conditions, the LLBL becomes thick
R AR | and dense (Song and Russell, 1993; Bogdanova et al.,
LR 2005, 2008). In our case, we do observe a region denser
than the cusp equatorward of the latter with densities of
the order of 40 cm?.

20}

T

Zgam in Re
.
L

it J AW _ — Slow convection or even stagnant plasma. We clearly
il i have almost stagnant convection flows in our data.
There are observed by SC1 after the ion dispersion and
by SC4 and SC3 when the two overlapping ion disper-
B oot Ty sion are observed. Although stagnant flows do not seem
[ L 1 to occur systematically during dual lobe reconnection
P MotonetPuTubestortha 1 (ot 5 o issafon{ 40 £5103] ] (Provan et al., 2005), it appears to be recurring signa-
ol 4 L \ ; ture (Bogdanova et al., 2005).

40 20 ] 20 40
Ygsmin Ae

— No uni-directional electron distributions, but instead
bidirectional electron beams with comparable fluxes
W——r —— —— —— (Fuselier et al., 1997). This is clearly observed by SC3
E— ‘\ | while the two overlapping populations are recorded. Bi-
directional electrons (with very balanced fluxes at all
energies) have been used previously used to indicate ex-
e e ey istence of a closed field line (Phan et al., 2005). How-
|- B i e M e . ever, such cases are usually in the LLBL regions, be-
T e W WO S 1 tween both high latitude reconnection sites. In the cur-
LAL T e Ji BNy e eiel rent case, the spacecraft are located between the re-
A ' ) : connection regions and the ionosphere, and hence bi-
directionality would be driven purely by injection from
the reconnection region and reflection by the iono-
for g dis sphere. We do observe bi-directional electrons with
bl ARy 1 equivalent fluxes 07:47 UT. Also, enhanced fluxes could
R e e T be an indication of an additional source population,
20| Nt SN i from a second reconnection site for example.

Zgamin Re
)
-
*

— More isotropic plasma. As previously open field lines
: : reclose, pitch angle scattering come into play and the
T 1 plasma tends to become more isotropic (Hu et al.,
T 2008). We do have indication of this in CIS data. Pro-
e “ S @ “ tons populate all pitch-angle during the time intervals
when the overlapping dispersions are recorded.
Fig. 8. Output of the Cooling model for a IMF of (0, 5, 9)nT o . . )
in GSM, corresponding to the prevailing IMF when SC1 crosses — Bidirectional oxygen ions (Fuselier et al., 2001). This
he cusp, and for a reconnection site poleward of the northern cusp ~ Signature has not been detected in our data set.
(top) and poleward of the southern cusp (bottom). The blue dashed
and green solid lines show the path of newly-reconnected field lines3-4 Modelling the newly-reconnected field lines
from the X-line (black solid lines).
To confirm that our scenario is at all physically consistent, or

even possible, we have tested it with two numerical models.
3.3 Signatures of dual lobe reconnection We have first used the Cooling model (Cooling et al.,
2001). This model works out, for given interplanetary and
If our hypothesis is correct, several typical signatures insolar wind conditions, and for a given location of the X-line,
the mid-altitude cusp plasma parameters would indicate thathe evolution of new opened field lines (if reconnection is
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Fig. 10. Output of the Cooling model corresponding to the late
observation of SC3 after 08:00 UT when the IMF is dominated by
By. The blue dashed and green solid lines show the path of newly-
reconnected field lines from the X-line (black solid lines).

agreement. We can thus use the model with confidence to
verify first that reconnection in the lobe was possible under
the prevailing IMF conditions and second to make sure that
new reconnected field lines would evolve in a way consis-
tent with our interpretation. We have run the model several
times for three IMF conditions corresponding to the cusp
crossing of SC1 and two stages of the SC3 crossing. Fig-
ure 8 shows the results of what we expect for SC1. In each
panel, an X-line has been chosen poleward of the cusp and
the IMF used as an input is (6;5 ,+9)nT in GSM. The
magnetosphere is seen from the Sun, dotted circles are iso-
contours of geocentric distance on the magnetopause, and
stars are the two cusps. The short solid lines are the X-lines
and the dashed blue and green lines are the path of newly-
reconnected field line northward and southward respectively.
One can see that once reconnected, the field lines have a
strong East-West component, which is compatible with a
non-zero Y-component of the IMF. One should note that re-

Fig. 9. Output of the Cooling model for a IMF of4, 0, 9)nT  connected field lines in the northern lobe are fast pulled on
in GSM, corresponding to the prevailing IMF when SC3 crossesihe sides, which seems hardly compatible with a subsequent

the cusp, and for a reconnection site poleward of the northern CUSPeconnection in the Southern Hemisphere to form a reclosed
(top) and poleward of the southem cusp (bottom). The blue dashegy| jine |t clearly appears that if dual lobe reconnection

and green solid lines show the path of newly-reconnected field lines . . . -
from the X-line (black solid lines). occurs, it has to be a field line reconnected in the Southern

Hemisphere first that connects then to the Northern Hemi-
sphere.
To model the prevailing conditions when SC3 crosses the
likely to occur). Fear et al. (2007) made a systematic com-cusp, two locations of the X-line have been chosen pole-
parison between the model and many FTEs and found a goodiard of the northern cusp (4, 6;11) Re and poleward of
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Fig. 12. Cut parallel to the magnetic field through the distribution
the southern cusp (4, 0;11)Rg in GSM. The IMF was  function recorded by CIS-HIA on board SC3 at 07:57:45 UT.
setto &4, 0, 9)nT in GSM, which corresponds to the IMF
conditions prevailing when the two overlapping populations
are the most clearly observed by SC3, i.e. around 07:52 UT.

Figure 9 shows the results. In both cases, not only is re- Results from a global MHD simulation (e.g. Berchem et
connection likely to occur but the newly-reconnected field ;| 2008) of the event are displayed in Fig. 11. Solar wind
lines evolve towards the equator, which makes possible, a”ﬂla;sma parameters and IMF measured by the ACE space-
likely, their re-reconnection in the opposite hemisphere. Itis . o¢ on 3 September 2002 were used as input to the simula-
however more difficult to conclude on whether reconnectiontion_ Figure 11 shows a three-dimensional view of the field
occurs first in the Northern Hemisphere or Southern Hemi-jyq yon010gy predicted by the simulation for time 07:30 UT.
sphere. Indeed, we can see in the bottom panel of Fig. She dayside magnetosphere is viewed from 03:00LT and a

that once reconnected in the Southern Hemisphere, field lineg,,, Re above the equatorial plane. The GSE coordinate sys-

are deflected around the magnetosphere, which a priori doeg,, is used and the orbits of the C1 and C3 spacecraft dur-

not favour re-reconnection in the opposite hemisphere but,q e 06:00-07:30 UT time interval are represented by the
there seem to be a few field lines reconnected in the SOUtherBreen and red thin traces respectively. Colour contours of

Hemisphere first that able to reach the Northern Hemispheremasma beta (0.1-10) in a X-Z cut takenyat —5 R, are
F"article (bOth iorls and electrons) datg suggest that reconnesnhown. The plasmasheet and the northern magnetotail lobe
tion occurs first in the Southern Hemisphere. _are readily associated with the regions of high (red contours)
The last stage of SC3 observations (08:00-08:07 UT) is; 4 |ow-beta plasma (deep blue contours), respectively. The
modelled in Fig. 10. The prevailing IMFistherq, 9, 0)nT  \55netosheath is also clearly bounded by the low beta so-
in GSM. An X-line may then cross the dayside magnetopausgy ying (turquoise contours) and the magnetopause (transi-
and newly-open field lines move towgrds the flanks of thejqn pepween deep blue and green contours). The high-beta
magnetosphere. In the Southern Hemisphere cusp, where they o yeyealed by red contours at the high-latitude magne-
Cluster satellites are located, the convection is predicted to b?opause indicates that magnetic reconnection is occurring in
westward (duskward); that is exactly what Cluster observesthat region. A set of open field lines (yellow lines) from
after 08:00 UT (second panel of Fig. 5). Besides, this fieldg,op hemisphere has been traced. They confirm that high-
line motlon relat!ve _to the'spacecraft could explain the ab'latitude reconnection is occurring in both hemispheres and
sence of dispersion in the ion data. that some closed field lines as the one shown by the blue
line, are formed on the dayside by dual lobe reconnection.
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Fig. 13. The top panel shows the lagged magnetic field data recorded by ACE (labels indicate the three successive stages discussed). Belov
is a schematic for each of the three steps showing the magnetosphere seen from the sun with possible reconnection sites in red. Black line
are magnetospheric field lines and red lines represent IMF lines. At the bottom are the corresponding Cluster-CIS spectrograms.

3.5 Athird population populations (tagged 1, 2, and 3). Although not seen has in-
jected particles, this third population corresponds well to the

As mentioned in Sect. 2.3, this time interval is seen in elec-signature of injected electrons seen in PEACE data.

tron data as a region where magnetosheath electron have

been injected (higher fluxes of precipitating electrons, energy3.6  Evolution of the cusp, a possible scenario

dispersion). This injection is likely due to the low value of

the IMF B, and large value oBy that may allow for (compo-  The top panel of Fig. 1 shows that the IMF changes dur-

nent) dayside reconnection to occur. This is somewhat suping our observations and we obviously need to take these

ported by ion data that show a less dense regiatB(cnT 2) changes into account. Three steps seem to have occurred,

of keV ion showing no energy dispersion. Also, the plasmawhich are depicted in Fig. 13. The figure shows on top

convection during this injection is mainly duskward, which the three components of the IMF recorded by ACE and just

is in agreement with the Cooling model for this interval with below, the magnetosphere seen from the sun for the three

component dayside reconnection. Figure 12 shows a cut pastages. At the bottom, a Cluster ion spectrogram is shown

allel to the magnetic field through the ion distribution func- for each of the three steps.

tion measured at 07:57:47 UT onboard SC3. In the positive Step 1: in SC1 data at 06:40 UT, only one reversed disper-

parallel velocity domain (up-going ions), the curve exhibits sion is observed, which is the case when lobe reconnection

3 distinct bumps corresponding assumably to 3 different ionin the Southern Hemisphere occurs. Double reconnection is

www.ann-geophys.net/30/489/2012/ Ann. Geophys., 30, 480% 2012
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either not operating or not exactly at the local time of the
spacecraft due to a negatigy (—5nT).

Step 2: by the time SC4 reaches the cusp and records tw
populations at 07:40 UT, the IMBy decreases in intensity
and reaches a value of0 while B, remains positive. This
less oblique northward IMF is supposed to favour double re-
connection (Reiff and Burch, 1985) and indeed, SC4 recordshe publication of this article is financed by CNRS-INSU.
two overlapping populations. However, it is not quite clear
whether reconnection occurs in both hemispheres simultane-
ously. References
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