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Abstract. During Cluster spacecraft crossing of the mag-1 Introduction
netotail, a novel density depleted cavity in association with

magnetic compressions in the outflow region of reconnecyjagnetic reconnection plays a crucial role in the dynamics
tion was observed. It contains intense reflected field-alignedt the magnetotail. During magnetic reconnection, the lobe
particles, which are produced by a generation mechanisnpjasma is convected toward the central plasma sheet, and is
field-aligned proton beams were observed and simultanegopological structures of these ion jets and their effects on the
ously the feature of magnetic-mirror loss-cone proton distri-grrounding plasmas have been intensively investigated. For
quasi-monochromatic oscillations, were recorded. Both thgHones, 1977; Slavin et al., 1989). Also, the interaction be-
leading egde and the ULF wave boundary of the ion fore-yyeen the fast-moving flux rope and the lobe manifests as a
shock are identified from the time sequence of proton andyyge that compresses the lobe plasma, which is called trav-
magnetic field observations. Just upstream of the leadingjing compressed plasma region (Slavin et al., 1984, 2005).
egde of the ion foreshock, reflected field-aligned electronsyioreover, the ion outflows observed in the Earth’s magne-
were detected, whose distribution has a narrow bump-on-taifotail reconnection show a wide variety of singular bound-
pattern. However, close to the shock front, reflected electrongyy |ayers, in addition to the well-known slow-mode shock
with a broad bump-on-tail pattern was measured. These tWoundary (Eriksson et al., 2004). On the basis of Geotall
different manifestations of reflected electrons reveal the dif-gpacecraft data, it had been found that during magnetic re-
ferences in their microscopic physics of the reflecting pro-connection a contact discontinuity exists binding two differ-
ated in the cavity due to trans-time magnetic pumping whichheated plasmas from the Joule heated plasmas by magnetic
provides another possible mechanism in the multi-step accelgiffusion (Hoshino et al., 2000). Computer simulations also
eration processes In reconnection. show that a tangential discontinuity inside the plasmoid can
form to separate the accelerated plasmas from the original
plasma (Abe and Hoshino, 2001). Moreover, simulation re-
Sults indicate the interaction between the fast reconnection
jets and the original sheet plasmas associated with a magnetic
loop can form a fast shock at the edge of the reconnection jet
(Ugai, 1996, 1999).
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terrestrial magnetospheric bow shock. When the supersonithe impact of ion jet, is intense enough to cause some kinds
solar wind plasma carrying the interplanetary magnetic fieldof singular boundary layer such as a discontinuity or a shock
encounters Earth’s dipole magnetic field, the bow shock isto form, it isn’'t hard to find that there is a remarkable simi-
formed, which slows down the solar wind plasma from su- larity in the underlying physical process between the present
personic to subsonic speeds and thermalises it. Simultanesituation and that of the bow shock. However, since there
ously, a foreshock forms if a part of incident particles is are many differences in the respective environments of two
reflected. The foreshock is a region upstream of the bowcases, whether the ion jets can interact with the original plas-
shock, which is magnetically connected to the bow shockmas in a bow shock-like manner is still unclear. Also, since
and comprises both incident solar wind plasma and reflectedhe existence of reflected particles is an intrinsic feature of
particles. For the quasi-perpendicular shock, the foreshockollisionless shock, can some particular characteristics rele-
is confined to the shock foot, while upstream of the quasi-vant to foreshock-like structure be exhibited in the vicinity
parallel shock, it occupies a much larger area (Balogh et al.of a steepened boundary of the field lines piled up region in
2005). The foreshock possesses complex kinetic processethe edge of outflow region?
which give rise to accordingly unusual spatial structure (Bale Here, we present some reliable observations of a singu-
et al., 2005; Eastwood et al., 2005). It is generally thoughtlar boundary of an ion jet that is formed due to its interac-
that a certain portion of the incident particles can be spection with the original plasmas, and report observations of a
ularly reflected at the shock magnetic ramp (Paschmann edensity depletion cavity with a foreshock-like structure in
al., 1980; Gosling et al., 1982, Schwartz et al., 1983). Thosehe outflow region of magnetotail reconnection. First, an
reflected particles that have high enough velocity parallel tooverview of the reconnection layer encountered by the space-
the magnetic field (hence their guiding center velocity alongcraft is given. Then, particle kinetics and magnetic field mea-
the shock normal is larger than the convection speed) willsurements are analyzed in an attempt to reveal the remarkable
escape upstream along the field line to create a backstreancharacteristic structures in the density cavity that manifests a
ing field-aligned beam, which move both along the magnetichighly similar morphology to the foreshock region.
field line and simultaneously drift in the convective electric
fields of the incident particles. Eventually, these backstream-
ing field-aligned beams can be found behind the tangentiaPp Observations
magnetic field line. Therefore, the upstream boundary of the
foreshock is the locus of the tangential field lines, and the2.1 Overview
downstream boundary of the foreshock is the quasi-parallel
part of the shock. The higher energy particles can be ob-During the time interval 00:30-00:50 UT on 6 August 2003,
served close to the upstream foreshock boundary, while théhe 4 Cluster spacecraft crossed the near-Earth magnetotail
lower energy particles can be recorded further downstreamat Xgsm=—17 Rg. Figure 1 shows the magnetic field mea-
Just behind the tangent field line is the electron foreshocksurements from the FGM experiment (Balogh et al., 2001)
The ion foreshock will be encountered downstream the elecand proton measurements from the CIS-CODIF instrument
tron foreshock. The reflected field-aligned ion beams with(Réme et al., 2001). Cluster spacecraft C4 data are shown,
the smallest drift distance make up the upstream boundary dfut because of the very small size of the 4 spacecraft tetrahe-
the ion foreshock, which is also called the leading ion fore-dron (~200 km) all spacecraft measured very similar obser-
shock boundary. Behind the leading ion foreshock boundaryyational features. While the spacecraft was in the plasma
field-aligned backstreaming ion distributions are observedsheet of the Southern Hemisphere, due to a negdtive
Deeper in the foreshock, diffuse backstreaming ion distri-it suddenly observed an earthward fast proton flow with
butions are usually recorded (Meziane et al., 2001, 2004)a total velocity up to~610km/s in the interval 00:33:20-
Moreover, there exists a second boundary within the ion fore00:35:10 UT. Accompanied with this plasma ejection is a
shock, closer to the quasi-parallel shock, usually referred testrong magnetic field variation. The magnetic field mag-
as the ULF foreshock boundary or the ion foreshock wavenitude of the leading boundary increases frer80nT to
boundary (Le and Russell, 1992; Meziane et al., 1998). This—34 nT inBx and from 3 to 10 nT imBz. In this jet, the pro-
boundary borders the domain of ULF wave activity. ton density decreases from 0.72¢hto 0.32cnm3, about

In this paper, the following particular scenario is consid- half of the original level. The oxygen ion abundance is very
ered, where the reconnection ion jets, especially those travelow and not shown here.
ing earthward, collide with the original plasmas at rest before After passing the density cavity, the spacecraft sub-
reconnection. The reconnected magnetic field lines carriedequently observed two density dips at 00:37:30UT and
outward by the high-speed ion jet emanating from the X-type00:43:40 UT, respectively. Finally, the spacecraft met a tail-
diffusion region can be blocked by the original magnetic field ward fast flow with a total velocity up te-600 km/s in the
lines bordering the outflow region. Therefore, in the edgeinterval 00:45-00:49 UT. In this ever®p=25nT,Ty=5keV,
of outflow region, there exists a region where field lines areandn ;=0.7 cnm 3, where By is the magnetic field in unper-
piled up. When the magnetic compression, or in other wordgurbed plasma sheefy andny are the proton temperature
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Fig. 1. Magnetic field and proton measurements from C4. From {(@):time-energy spectrogranfb) components of magnetic field,

(c) and(d) proton density and bulk velocities respectivél) proton pressure components parallel and perpendicular to the magnetic field,
and (f) magnetic pressure, proton pressure and total pressure respectively. The shadows denote the density cavity and two density dips
respectively.

and density, respectively. The Afn speed/,, proton Lar-  place due to pressure balance, and in most cases in associa-
mor radiuspy, and proton inertial length/w,y are respec-  tion with some kind of singular boundaries. Here the earth-
tively V4=650km/s,py=410km and:/w, =270 km. ward jet in the form of a density cavity with a sharp leading
boundary is interpreted as exactly that case. In addition, this
2.2 The reconnection layer structruce and the steep- Sharp leading boundary can be considered in principle as an
ened leading boundary of the earthward jet MHD discontinuity or shock and hereinafter we refer to it
as a shock. Here, the term “shock” is used in a rather gen-
. - : eral meaning, that is, if the front becomes steep enough that
Flow reversal in the magnetotail is usually interpreted as are;

: the entropy increases across it and the changes become irre-
connection event. In the present case, the encountered recon-

. . ) T versible, we refer to the front as a “shock” (Southwood and
nection layer is schematically shown in Fig. 2. The nascen

magnetic flux ropes can be carried out by the ion jet emafKNelson’ 1992).

nating from the diffusion region (Slavin et al., 2005). They By the magnetic field timing analysis, the normal direc-
are blocked by the original magnetic field lines bordering thetion and speed of the shock are estimated taggy=(0.45,
outflow region and hence are piled up at the edge of outflow—0.01, 0.89) and 78 km/s, respectively. The duration of
region. When the magnetic compression is intense enouglits crossing is 14s. Hence its thickness is estimated to be
it is believed that plasma depletion phenomena usually take. 100 km, four times the proton inertial length. In the GSM
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Fesar It is worth noting that this leading boundary inside the out-
flow region that separates the accelerated plasmas from the
original plasma should not be confused with the well-known

5 55 Petschek-type slow-mode shock around the reconnection re-
gion since it moved earthward. Otherwise, it would not be
the leading boundary of the jet and the bulk flow would be
- — | Poreshodh fike encountered first.

Cavity

Density dips encountered in reconnection layers are usu-

| o ally identified as Petschek-type slow-mode separatrices (Cat-
tell et al., 2005; Borg et al., 2005). Here the two density dips

encountered at 00:37:30 UT and 00:43:40 UT are regarded as

the slow-mode separatrices bounding the earthward side and
tailward side outflow regions respectively. Between the slow-

mode separatrices, there is the southern inflow region. Thus
nearly in the middle of this region at 00:40:30 UT, a peak
Fig. 2. A schematic of the reconnection layer encountered by theof V, was recorded as shown in the fourth panel in Fig. 1,

spacecraft and the boundaries in the cavity. The two black curvesvhich is identified as the inflow velocity with speed up to
represent the pair of slow-mode separatrices. The dashed green line200 km/s.

de'O.'CtS the local magnetic Conf'g.urat'on O.f the field line piled UP s worthy to note that in the intervals 00:36:40-00:37 UT
region. The red curve in the left-side describes the shock front, i.e., nd 00:47:50-00:48:30 UT. th raft en ntered th
the sharp leading edge of the ion jet. The blue line signifies the® A » (N€ Spacecralt encountere N
magnetic field line tangent to the quasi-perpendicular shock front.nelJtraI line and the outer current sheet respectively due to

The star and the dashed brown line denote the spacecraft and i€ Very rapid large-scale shift of the current sheet, which
orbit. More details can be founded in the text. are phenomena frequently occurring in the thin current sheet

and usually referred to as the flapping motion (Sergeev et al.,
2003; Cai et al., 2008). The fifth panel in Fig. 1 shows the
o components of the proton temperature. It can be seen that in
frame, the magnetic fields upstream and downstream of thg i, the earthward and tailward ion jets, the proton tempera-

shock areB, =(—29, -23, 7) andB,=(-21,-16, 3), reSpec- .0 ro5e apparently due to the heating by both the magnetic
tively. Therefore the angle between the magnetic field anddiffusion and by the slow-mode separatrices
the normal to the shock is about°g@vhich means that the '

front encountered is a nearly proper perpendicular part of the _ ) .

shock. Moreover, we have approximateyB -n — 0 and 2.3 InC|_dent and backstreaming protons inside the

(B, xBy). n=0, whereAB is B, minusB,, and hence verify cavity

the magnetic coplanarity. In addition, in the shock rest frame,

the bulk velocities upstream and downstream of the shockl he global morphology of the density cavity can be estab-
areV,=(550, 242 —74) andV,=(270,—130, —54), respec- lished from the observational characteristics of particle kinet-
tively. Thus the calculated upstream and downstream noriCs. Figure 3 gives the spectrogram of the pitch angle and az-
mal velocities are 179 km/s and 75 km/s, respectively. ThedMmuthal angle of protons recorded by C4 in 2 energy ranges.
ratio of the upstream normal velocities to the downstreamln the cavity, from 00:34:05 to 00:34:44 UT as shown in the
normal velocity is about 2.4, while the upstream and down-Sixth panel, intense incident protons within the energy range
stream densities are 0.72 Cﬁ]and 0.33 Cm3, respective|y_ 1.5-40keV in the anti—parallel magnetic field direction were
The ratio of the downstream density to the upstream denDbserved. Simultaneou3|y, avery collimated baCkStreaming
S|ty is about 2.2. Hence mass conversation is approximate|y)eam distribution in the para”6| magne’[ic field direction was
satisfied. The estimation on the full set of jump conditions recorded. The fourth and fifth panels show the proton behav-
is quantitatively less consistent. The reason is due to thdors inthe energy range 50-1500eV. It can be seen thatin the
non-stationarity behavior of this cavity because of the ex-cavity the pitch angles of these protons with lower energies
plosive reconnection jets. Taking account of this fact, thedisplay a narrow profile between S@nd 70. Also, along
upstream parameters may be h|gh|y time-dependent_ In adhe negative Y-direction they are within an azimuthal angle
dition, the calculated velocity of the ion jet includes the con- Profile centered between80> and—100.

tribution from reflected backstreaming particles and should Figure 4 shows the proton distribution functions for all the
be less than the actual incident velocity. Therefore, althoughwelve data acquisition periods in the cavity (Each ion data
the calculated upstream normal velocityl(79 km/s) is even  acquisition period is here two spacecraft spins, i.e. 8s). It
smaller than the slow-mode speed, which is estimated to bésn't difficult to find that from the third period to the last one,
~250 km/s, it seems reasonable that this leading boundary iall these distribution functions show an apparent loss-cone
identified as a time-dependent slow-mode transition layer. distribution in the direction parallel to the magnetic field.

Leading-Bounda

Spacecraft Orbit

Tangential MFL
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Fig. 3. A snapshot of the proton measurements in the cavity. The third panel is the time-energy spectrogram. The fourth and fifth panels
show the spectrogram of the pitch angle and azimuthal angle respectively for protons within the energy range 50-1500 eV, and the sixth and
seventh panels show those for protons within the higher energy range 1.5-40 keV.

Figure 5 shows an extract of these distribution functions in In Fig. 2, a schematic is shown in which the blue line in-
the seventh period at 00:34:13 UT. dicates the magnetic field line tangent to the perpendicular
As mentioned above, the depleted density cavity, in assopart of the curved shock front. The specularly reflected par-
ciation with a steepened leading boundary, is generated byicles with high field-aligned velocity move both along the
the piled up magnetic field lines, which are carried out by magnetic field line and simultaneously drift in the convec-
the ions jet emanating from the diffusion region. The presenttive electric fields of the incident protons. Eventually, these
scenario resembles highly the case that when the solar winbackstreaming field-aligned beams can be found behind the
impacts the magnetosphere, a curved bow shock front formgangential magnetic field line, along which they escape up-
In contract to the hydrodynamics shock, in which no infor- stream from the shock front. In the present case, the leading
mation can be transmitted to upstream region, the existenc®n foreshock boundary is encountered at 00:34:44 UT while
of reflected particles back to the upstream region is an intrinthe spacecraft crossed the foreshock region from downstream
sic feature of collisionless MHD shock. Here the observedto upstream, thus no field-aligned ion beam was observed af-
collimated backstreaming beam is interpreted to be those reter this time.
flected particles by the steepened leading boundary, that is, One issue of the interpretation of the reconnection outflow
whose generation mechanism is exactly similar to that ofregion as analogous to the bow shock-foreshock region must
the foreshock (Paschmann et al., 1980; Gosling et al., 1982he clarified here. For the bow shock, it is a fast-mode type,
Schwartz et al., 1983). while in the present case the sharp boundary is a slow-mode
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Fig. 4. Proton distribution functions for all the twelve data acquisition periods in the cavity.

shock based on the above investigation. However, whateveticles, while the population with higher velocity is apparently
the shock is, the crucial point is that in both cases a steepaccelerated. It demonstrates the possibility that the incident
ened current sheet is generated and can act as a reflectipgrticles can be further energized in the field line piled up
layer. The interpretation of the generation mechanism ofregion in the outflow region of reconnection, especially in
those field-aligned backstreaming particles in the cavity isthe case that the singular boundary condition occurs. The
a natural explanation. energisation mechanism here is supposed to be a trans-time
magnetic pumping (Chen, 1984). Therefore, it provides an-
Apart from the specularly reflected particles, there are alsather possible acceleration mechanism for the particles in
other populations flowing back upstream of the shock bytheir multi-step acceleration processes in the reconnection
magnetic mirroring or in any other way. For example, sev-(Imada et al., 2007).
eral populations can be identified in Fig. 5. The loss-cone is
the most prominent characteristic in this distribution due to2.4 ULF waves in the cavity
magnetic mirroring. The population which fills the edge of
the loss-cone with a large parallel velocity is the specularlyThe presence of intense low frequency electromagnetic fluc-
reflected field-aligned beam. Moreover, there are two pop-uations is an inherent feature of the ion foreshock region
ulations of incident protons: the major population has lower(Eastwood et al., 2002, 2004). ULF waves in association
velocity, the minor population has higher velocity. Comparedwith backstreaming diffuse ion distributions are usually ob-
with the distributions in the other periods, we can infer that served deep into the ion foreshock region, approaching to the
the population with lower velocity is the normal incident par- quasi-parallel shock front (Bame et al., 1980; Meziane et al.,
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2001, 2004; Cao et al., 2009; Fu et al., 2009). Those ULF CIS—CODIF  SC 4 00:34:13.017
waves are believed generated by the backstreaming field:
aligned beams, and the beams then become diffused. Th
upstream boundary of the ULF wave activity region is com-
monly called the ULF foreshock boundary or the ion fore-
shock wave boundary. Thus this boundary is between the -
backstreaming field-aligned beam distributions and diffuse
distributions in the ion foreshock.

Figure 6 shows a snapshot of the magnetic field measure-
ments with 1s time resolution and the proton density in the 11
cavity. The red, gray and blue shadows denote respectively _|
the time intervals of the shock ramp, ULF waves and the ]‘*m \ Ve ) I m\
backstreaming field-aligned beam. Both the leading egde anc _ _ !
the ULF wave boundary of the ion foreshock are identified Mashetic pumping  Incident — Loss-cone  Reflected

. . acceleration particles digtribution particles
from the time sequence of proton and magnetic field obser-
vations. It,'s importantto note that n the interval _Of .the shock Fig. 5. Proton distribution function in the sixth data acquisition pe-
ramp, a bipolar structure @y was observed. Itis inferred yioq in the cavity at 00:34:05 UT. Several populations with different
to be excited by the surface current in the shock front thatinetic characteristics are identified. The feature of loss-cone dis-
results from the decoupling of the ion motion with the elec- tribution is lined out.
tron motion due to the finite Larmor radius effect (Bale et
al., 2005). Shortly after the shock ramp, ULF wave activity
was observed in the interval 00:33:40-00:34 UT. Especiallyflecting process that has a very short interaction time with
in the second panel, a quasi-monochromatjc oscillation  the front, that is, interact only with the shock precursor and
was found. Its period is about 9s, while the period of the cannot reach the ramp itself. Furthermore, there is a sec-
fast magnetosonic waves upstream the bow shock is typicallpnd class of backstreaming electrons, which succeed to pen-
about 30s (Eastwood et al., 2002, 2004). Also, just afteretrate deeper the front and interact with the ramp (Legeb
the ULF wave region, the ion foreshock was encountered. l@and Savoini, 2002). In this case, the trapped electrons can
can be seen that the wave observations are well coincidergiain sufficient energy, including the parallel energy, from the
with the particle kinetic measurements. The field-alignedshock electrostatic field while they excurse along the shock
beam distributions were not observed in conjunction withfront. Corresponding to the two types of electron reflect-
ULF waves, and the time gap between the ULF boundarying mechanisms, as revealed in simulations, there are two
and the backstreaming field-aligned beam distribution is lesdypes of electron distributions parallel to the magnetic field,
than one ion data acquisition period. Of course, in additionthe narrow type of the bump-on-tail pattern and the broad
to the quasi-monochromatic ULF waves, intense higher fretype (Savoini and Lemdge, 2001). The narrow type cor-
quency magnetic field turbulences can be found in the entiréesponds to the reflecting population that has lower parallel
foreshock region including downstream of the shock front. velocity, while the broad one corresponds to electrons that
spend some time interacting with the macroscopic fields at
2.5 Backstreaming electrons in the cavity the shock front and thus have higher parallel velocity. What
kind of distribution can be found in the foreshock depends on
Figure 7 shows 3 selected electron distributions parallel, antithe relative location of the shock geometry, and sometimes
parallel and perpendicular to the magnetic field from theboth types can coexist at the same location.
PEACE experiment (Johnstone et al., 1997). The first and The narrow type of bump-on-tail pattern represents the
second distributions parallel to the magnetic field show apopulation in the electron foreshock in a conventional mean-
global enhancement, which represents a broad type of bumpng, that is, similar to the backstreaming field-aligned ions,
on-tail pattern, while the third electron distribution parallel backstreaming field-aligned electrons will also move along
to the magnetic field has a narrower bump compared withthe magnetic field line and simultaneously drift in the con-
that of the first and second distributions, which we refer tovective electric fields, but within a smaller distance. It
as a narrow type of bump-on-tail pattern (Fitzenreiter et al.,is coincident with the fact that these reflected electrons
1984). The distributions recorded in other periods in the cavwere observed at 00:34:54 UT, shortly after the passing
ity have not obvious variation and are thus not shown here. of the leading ion foreshock boundary when the space-

The two type bump-on-tail distributions are interpreted ascraft crossed the foreshock region from downstream to up-
the reflected electrons by the specular reflecting mechanisnstream. However, the broad type of bump-on-tail pattern
However, the difference in their manifestations reveals thewas observed within the two consecutive spin periods at
difference in their microscopic physics of reflecting process.00:33:31 UT and 00:33:35 UT, respectively, very close to the
The narrow bump is caused by the electrons suffering a reshock front. They are the second class of backstreaming
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Fig. 6. A snapshot of the magnetic field measurements with 1s resolution and the proton density in the cavity. The red, gray and blue shadows
denote respectively the time intervals of the shock ramp, ULF waves, and the backstreaming field-aligned beam.

electrons mentioned above, that is, electrons that interadhe interval 00:33:16-00:33:30 UT, the spacecraft crossed the
with the ramp for a much longer time and gain more energy.shock front from the downstream to the upstream. Just close
This measurement gives evidence on the difference in theito the front, in two consecutive spin periods at 00:33:31UT
microscopic physics of reflecting process. It also indicatesand 00:33:35 UT, respectively, reflected electron distribu-
the remarkable impact of the local shock geometry on thetion with a broad type of bump-on-tail pattern was ob-
electron kinetics. For the proper perpendicular part of theserved. Then in the interval 00:33:40-00:34:00 UT, ULF
shock with a larger angle between the shock normal and thevaves, especially a quasi-monochromalig oscillation,
magnetic field direction, the electrons suffering a reflectingwere recorded. Just passing the ULF boundary, in the inter-
process that has a very short interaction time with the frontval 00:34:05—-00:34:44 UT, specularly reflected field-aligned
In contrast, for the quasi-perpendicular part with a smallerproton beams were measured. Shortly after the passing of
angle, the shock electrostatic field will make its contribution the leading ion foreshock boundary, corresponding to the
to the electron dynamics via local trapping and acceleratiorspin period at 00:34:54 UT, specularly reflected field-aligned
(Lembkege et al., 2004). electrons, whose distribution has a narrow type of bump-on-
tail pattern, were detected. Moreover, magnetic-mirror loss-
cone proton distributions in the cavity were observed.
3 Discussion and conclusion Since the spacecraft had crossed both the left-side and
the right-side outflow regions, a question arises as to why
We first give a summary on the morphology of the densityit didn’t observe the same thing on the right-side. There are
cavity, which is analogous to the foreshock region. Duringtwo possible reasons. The first is that in comparison to the
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Fig. 7. Selected electron distributions parallel, anti-parallel, and perpendicular to the magnetic field in the cavity. The first and second
distributions parallel to the magnetic field manifest the broad type of bump-on-tail pattern, while the third distribution shows the narrow type

of bump-on-tail pattern.

situation of flowing earthward, it is easier for the ion jet to istic scale on the ion inertial length, seem to be an organic
push away its barrier while flowing tailward. The second is part of the reconnection and closely relevant to the small-
possibly due to the particular interaction manner of the re-scale electrostatic coherent structures. Coherent structures
connection jets with the rest plasma, that is, the jets are exare usually responsible for those nonlinear microphysics in
plosive and are bounded by a narrow slow-mode shock paispace plasma environment. For example, the electron holes
as mentioned above. Hence the shock and its accessories,dfe believed to participate in the electron energisation pro-
they can be generated at the edge of jets, will be localizedtess (Drake et al., 2005). The present analysis shows that
both in space and time. the density cavity can also act as the accelerator for ions to

In addition, it is interesting to interpret the foreshock- provide further acceleration. Our investigation here gives an
like cavity in the viewpoint of a coherent structure. In the insight into the significant role played by the self-organized
previous investigations, some transient structures such al@rger-scale coherent structures in the collisionless magnetic
hot diamagnetic cavities, foreshock cavities and short largereconnection region.
amplitude magnetic structures, have been reported in the up-
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