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Abstract. A case study is presented to determine the sourceenergetic electrons during more than 90 % of the passes of a
of the energetic electron layer frequently observed along théwo year study with the HEOS-2 spacecraft. Further down-
high-latitude magnetopause. Measurements by the Clustdril Baker and Ston€1978 found energetick > 200 keV)
spacecraft show bursts of field-aligned electrons occurringelectrons present during 97 % of the boundary passes by the
during time periods with high potential for dayside reconnec-IMP-8 spacecraft. Additional properties of the electron pop-
tion. These properties are compared with the expected signasation at high latitudes include a positive correlation with
tures from several sources including escape from the exteriogeomagnetic indicesvieng and Andersaril975 Baker and
cusp, acceleration in a reconnection region, and release frorBtone 1977, a peak in intensity near the cuspofmisano

the dayside trapping region through reconnection. The oband Domingo 1979, and a continual tailward flonBaker
served properties are most consistent with the electrons beingnd Stong1978.

released from the magnetosphere due to reconnection. In this From the properties of the particles, it is clear that a sig-
model the electrons would flow along the newly reconnectednificant portion, if not all of this superthermal population,
IMF draped along the magnetopause and propagate along thaiginates from within the magnetosphere. A detailed look
high-latitude magnetopause. These observations demonstraét the plasma composition reveals significant amounts of
an active source for populating the energetic particle layeHe" (Sonnerup et al1981) and O (Peterson et al1982
frequently observed along and just outside the high-latitudeSarafopoulos et gl1999. These ion species originate from
magnetopause. within the magnetosphere, so their presence is evidence of

Keywords. Magnetospheric physics (Magnetopause, Cusp’magnetospheric particle§ contributing to this layer. The en-
and boundary layers; Magnetosheath) — Space plasmsrgy spectrum of the particles along the magnetopause is also

physics (Charged particle motion and acceleration) consistent with a magnetosp hen_c sourbéiliiams et ql, .
1979. Lastly, energy dispersion signatures of energetic ions

and electrons near the magnetopause in the magnetosheath
) are consistent with these particles originating in the low lati-
1 Introduction tude boundary layeiSarafopoulos et a12000).

. . Since the majority of energetic particles along the mag-
A layer of superthermal 'ons and glectrons has been ConSISﬁetopause originated within the magnetosphere, understand-
tently observed along and just outside the magnetopaL_Jse. Tn%ﬁg the properties of the layer can give insight into the trans-
) : ort mechanisms moving particles through the boundary. At
netopause on the dayside, the fIanM.Bt¢heII et al, 1987, lower latitudes several mgeghanisms havgshown to be ail:tive.
and extending as far as 6@ dpwntaﬂ (Meng and An'der- Reconnection can open previously closed magnetospheric
son 1970. Additional observations have detepted t.h's elec'field lines to allow trapped particles to travel out into the
tron layer to be a common occurrence at high latitudes a?nagnetosheatr[)(aly et al, 1984 Fuselier et a.1995; gra-

well (Domingo et al. 1977 Zong et al, 2003. At high lati- dient and curvature drifts can allow particles to drift out of
tudes poleward of the cuspomingo et al(1977 observed
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the magnetospherd&koederer1967 Sibeck and McEntire  trons (41-400 keV) and ions (28 keV-4 MeV) were measured
1988 Shprits et al.2006; and particle diffusion due to in- with IES and IIMS respectively on the RAPID instrument
teractions with wave activity can allow particles to travel (Wilken et al, 1997 2001). The RAPID detector was op-
through the magnetopauseréumann et al.1991). erating in Nominal Mode 3 during these observations. This
At higher latitudes, poleward of the cusp, there is no sig-allowed for sampling of 9 polar and 16 azimuthal angular
nificant trapped energetic particle population inside the mag-bins at spin resolution for each of the 8 electron energy bins.
netopause. The magnetospheric lobe region poleward of th&his allowed for full pitch angle distributions to be made for
cusp is generally cool with low particle fluxes. This limits each electron energy channel from 22 eV-400 keV. Measure-
the mechanisms that could be creating the energetic particlenents with 4 s spin-resolution were used for both the PEACE
layer. Since there is no source population just inside the magand RAPID instruments. Lastly, measurements of the mag-
netopause, particles could not drift out through the boundarynetic field with 5 vectors per second were made with FGM
here or be released into the boundary layer at high latitude¢Balogh et al. 1997 2001).
by local magnetic reconnection. Three potential sources for Measurements from the GEOTAIL Magnetic Field experi-
the energetic electron layer remain however: (1) escape fronrment (MGF) Kokubun et al.1994) are used to compare with
the exterior cusp; (2) release from the dayside trapping rethe Cluster observations. The magnetic field measurements
gion through reconnection; and (3) electron heating within aare at 3 s resolution.
reconnection site. Each source is tested in the current study
to determine which is most consistent with observations.
The exterior cusp has been shown to be capable of head Observations
ing electrons to several hundred keV under certain conditions
(Walsh et al.201Q Nykyri et al, 2012. This energetic elec- 3.1 C2 measurements
tron population is typically peaked at a pitch angle of 90
and trapped within a magnetic cavity in the exterior cusp.On 3 April 2011 all four Cluster spacecraft passed through
As the magnetic topology of the cusp shifts or the magneticthe high-latitude magnetopause. The measurements were
field strength in the magnetosheath decreases, the magnetimleward of the cusp and on the dawn side of noon in mag-
trap could break, releasing this energetic population, potennetic local time. Observations of the electron population and
tially flowing out onto the magnetopause as predicted bymagnetic field measured by C2 are shown in HigThe
Formisano and Doming@.979 andFritz et al.(2000. boundary layer is identified through a change in the mag-
The second source is the dayside trapping region equatometic field vector given in Figld and e. While inside the
ward of the cusp. Dayside reconnection can open magnetdsoundary layer, the magnetic field is more variable and de-
spheric field lines and allow particles to flow out from the creased slightly in magnitude from when the spacecratft is in
trapping region. These particles can travel along the newlhthe adjacent magnetosheath or magnetospheric regions. In-
reconnected IMF draped along the magnetopause and creaséde the magnetosphere (near 02:05 UT), the magnetic field
this energetic particle layer. vector points in the negativBy, By, and B, directions as is
The last source once again relies on reconnection but is thevhat one would expect in the lobe on the dawnside in the
heating of electrons up to hundreds of keV through the reconSouthern Hemisphere.

nection procesjieroset et a].2002. These particles would During the boundary crossing, several bursts of enhanced
once again flow out along the draped newly reconnected IMFsuperthermal electron flux were measured. Each burst lasted
and create a layer of energetic electrons. for between 30 and 120s. Two of these bursts are outlined

in Fig. 1. Burst 1 is focused on in Fidf, g, and h. This en-
hancement occurs from 01:07:40 to 01:08:15 UT while the
2 Instrumentation spacecraft is in the magnetosheath just outside the boundary
layer. The energetic electron population was streaming along
Observations used in this study were made as part of thehe magnetic field line with a peak in pitch angle neat.40
Cluster Guest Investigator Programme and were coordinate@he pitch angle distribution of 41-52 keV electrons during an
by the Cluster team. The measurements took advantage alectron burst is shown in Fidg and h. The magnetic field
unigue orbits and utilized special instrument modes. components during this time period indicate these particles
The four Cluster spacecraft were launched into an ellip-are streaming tailward, consistent with previous observations
tical polar orbit in 2000 with an orbital period of 57 h. As further downtail along the magnetopaugaker and Stone
the mission progressed, apogee dropped into the Southert978. Energetic ions enhancements were also observed dur-
Hemisphere, allowing measurements to be made of the highing this period and are shown in Fitg.
latitude magnetopause, poleward of the cusp. Each spacecraft Burst 2 occurs several minutes later just after the space-
was launched with identical instrument suits. craft enters the boundary layer from 01:21:00-01:23:30 UT.
The low energy electrons from 22 eV-26.4 keV were mea-The enhancement shows lower fluxes than the first, but simi-
sured with PEACE Johnstone et gl1997). Energetic elec- lar properties. The second burst is focused on in Hig, and
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Fig. 1. Electron and magnetic field measurements from C2 during a high-latitude magnetopause crossing af@)sisosvnergetic omni-
directional ions from [IMS on RAPID(b) is energetic omnidirectional electrons from IES on RAP(D);is electron flux from PEACE; and

the bottom two panel&) and(e) are the magnetic field measurements in GSM from FGM. The vertical red bars outline two time periods
when bursts of energetic electrons were observed. These two bursts are then zoomed in on in the bottom six plots. Burst 1 is focused or
in plots (), (g), and(h). Panel(f) is omnidirectional energetic electron flux, whilg) and (h) are cuts of the pitch angle distribution for

41-52 keV electrons. Pandi3, (j), and(k) follow the same format a), (g), and(h) but for burst 2.

k. Once again, the majority of the energetic electrons demonin a narrow pitch angle range flowing antiparallel to the mag-
strate a field-aligned population traveling tailward with a netic field line with pitch angles very close to T80rhe
peak pitch angle near B5A few electrons are also observed presence of these particles may be due to mirroring from a
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Fig. 2. Electron distributions measured by PEACE and RAPID on C2 are shown for the two bursts and at two pitch angle bins. Each panel
compares flux measured during an electron burst (red traces) with a time period when the spacecraft is within the magnetopause boundarn
layer but did not observe an electron enhancement (blue traces). Measurements by PEACE are shown with circles and those by RAPID are
squares. On the left side, panédg and(b) are burst 1 while on the righfc) and(d) are burst 2. Dashed black lines are the background

levels for each detector. A power law tail fit to the burst time periodajmand(b) is drawn in black. Since the other distributions have many
measurements below the background of the detector, a power law is not fit to them.

magnetic maximum on the open field line or some type of During the burst time period (red symbols), the ener-

scattering effect. getic part of the distribution demonstrates a power law.
During both bursts the particle distribution indicates an ad-Given the power law form, Flux E~7, the coefficients for

ditional electron population being present. Fig@reshows  burst 1 and burst 2 wese= 2.89 andy = 2.92, respectively.

the particle distribution during the two electron bursts mea-These were found through fitting the measurements above

sured by C2 split into pitch angle bins. Each panel compareshe background detector (dashed black lines in BigMon-

a time period during an electron burst (red points) with aitoring energetic electronss(> 200 keV) along the magne-

time period when the spacecraft was in the boundary layetopause further downtai{10 Rg < Xsum < —40RE), Baker

without an electron burst (blue points). Figite and b are  and Ston€1978 found a similar power law tail with rang-

from burst 1, while Fig2c and d are from burst 2 as outlined ing from 2 to 4 with a standard value of 3. This is consistent

in Fig. 1. Each plot shows an energy distribution peak nearwith the observations presented here and made just poleward

~100 eV, consistent with the presence of electrons from theof the cusp.

shocked solar wind in the boundary layer. In the top two pan- Since Cluster was in the magnetosheath before crossing

els (field-aligned), the burst time periods show an increaseéhe magnetopause, the FGM provides measurements of the

for particles with energy above300 eV over the spectra in draped IMF as can be seen in Fitge. The solar windB;

the non-burst time period. In the bottom two panels, the speceomponent measured by Cluster was primarily northward

tra during both time periods are similar. This means there isfor 40 min before the spacecraft reached the boundary layer.

little to no enhancement of particle flowing antiparallel to the Near the boundary layer, the IMB, component turned

magnetic field line during the bursts, but an additional popu-southward before turning northward again. Throughout the

lation flowing parallel to the magnetic field. pass there was a strong negative [lBf-component.

Ann. Geophys., 30, 1003t013 2012 www.ann-geophys.net/30/1003/2012/
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Fig. 3. Cluster and GEOTAIL measurements of the magnetic field components and energetic electrons. GEOTAIL is positioned at
(X,Y,Z)=(8.85—-24.6-14.2) in GSM coordinates. Its measurements are in p@)ePanels(b), (d), and(f) are omnidirectional elec-

trons measured by RAPID for C1, C2, and C4, respectively. Péokele), and(g) are magnetic field measured by FGM on C1, C2, and C4,
respectively.

3.2 Multipoint measurements was at ,Y,Z)=(8.85-24.6-14.2)Rg in GSM coordi-
nates. Figure3 compares the magnetic field measurements

The four Cluster spacecraft provide the opportunity to probeby Cluster and GEOTAIL as well as electron flux measure-
possible spatial or temporal features in the electron enhancénents. The magnetic field profiles are similar when both
ments. If the spatially separated spacecraft observe an ef3EOTAIL and Cluster are in the magnetosheath but deviate
hancement at the same time, it can be determined that theome when Cluster approaches and crosses through the mag-
enhancements are temporal. If multiple spacecraft see a sinfletopause. The positions of Cluster relative to each other are
ilar electron structure successively as each passes througesented on the right-hand side of Fig.
the boundary, it can be determined that the enhancements The electron flux profiles show evidence for both temporal
are spatial or that there is a layer of energetic electron®nd spatial structures. C1 and C4 are on similar paths with
present for at least the time periods between the spacecraftl being delayed by 0.78: or 43 min assuming a steady
passings. To test this possible temporal/spatial nature, eneoundary. If the structure was purely spatial and steady with
getic electron fluxes from C1, C2, and C4 are analysed andime, both spacecraft would observe very similar electron
shown in Fig 3. The magnetic field measurements from eachProfiles with the measurements by C1 delayed in time. Al-
spacecraft are also presented. The background in the 41tbough the profiles are similar, implying some spatial struc-
52keV electron channel from C3 is too high to be used inture, there are significant differences meaning these are not
this study, so C3 has been left out. The background is neaPurely spatial enhancements. The delay between when flux
60 particles cm? s~ ! ster L keV—1, which is similar to the enhancements are observed between C1 and C4 is also far
level of the enhancements measured by the other spacecrdfss than 43 min implying either temporal nature, a quickly
for this boundary crossing. outward moving boundary, or some combination of the two.
To provide more information about the timing of the  Justafter 01:25UT both C1 and C4, separated by 8¢/8
boundary crossings, the local magnetic field measured bybserve an enhancement at the same time implying a tem-
Cluster is compared with the GEOTAIL spacecraft, which Poral burst. C2 however was just 1.&¢ away from C4 and

www.ann-geophys.net/30/1003/2012/ Ann. Geophys., 30, 100313 2012
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Fig. 4. A schematic diagram of the spacecraft positions and magnetic field lines for the Cluster magnetopause crossing on 3 April 2011
based on magnetic field observations is presented on the left. Dayside reconnection of the IMF (blue) and magnetospheric field lines (orange’
allows trapped magnetospheric electrons to flow out onto newly opened magnetic field lines as shown by the black arrows. The right panels
are the spacecraft locations and paths in GSM coordinates. The black arrows are the boundary normals identified through MVAB at 01:25 UT,
and the colored traces indicate the direction the spacecraft is moving.

either did not observe the enhancement or observed it at 4.1 Dayside reconnection
time just prior to C1 and C4. This means either (1) it is a

temporal burst of flux but occurs in a small spatial region The process of maanetic reconnection alona the maane-
that may not be observed by all spacecraft, or (2) the flux P 9 9 9

enhancements are spatial and possibly confined to a bounél(—)pause has been shown to release trapped magnetospheric

ary layer or region with motion in the GSM Y-direction that electrons into the magnetosheath and along the boundary

passes by C2 first and then by C1 and C4. If the boundar3}ayer at lower latitudesHunlop et al, 2008. A possible

; . . . geometry for the high-latitude magnetopause crossing on
was moving past the spacecraft as ou'gllngd In option (2)’3 April 2011 and studied here is shown on the left side of
the boundary normal should be primarily in the GSM Y-

direction. This is not the case. The boundary normals, aF|g.4. This diagram shows the location of the spacecraft and

identified at 01:25 UT through a minimum variance analysi:jhe geometry of the magnetic f|eld lines that would allow
electrons released on the dayside to be observed along the

of the magnetic field (MVAB) $onnerup and CahjllL967), high-latitude magnetopause

. BT S
are all conS|stenF within 89% indicating a planar bogndary One tool to test the likeliness of this mechanism is to de-
at least on the size scale of the spacecraft separation. The = "~ = ) S ) . .

. . termine if dayside reconnection is active during the time pe-
boundary normal for each spacecraft is shown on the rlghriods when the electron bursts are observed. Several probes
side of Fig.4 and points primarily in the X-direction. This ' P

is inconsistent with a boundary containing high energy clec.EXist to predict the occurrence of dayside reconnection. The

trons and moving primarily in the GSM Y-direction over the simplest parameter to predict dayside reconnection between

spacecraft. This means this burst is likely to be temporal. AI-the solar wind and the magnetosp_herlg is thecomponent
. S ; of the IMF (Dungey et al.1961). During times of southward
though the electron profiles are similar, implying some spa-

tial nature, there is also strong evidence for temporal effectsIMF’ reconnection Is prfadlpted to occur more often. A num-
ber of more advanced indices have been put forth to predict

the reconnection rate or the coupling between the solar wind
4 Discussion and the magnetosphere (eRperreault and Akasoful978

Kan and Lege1979 Scurry and Russell 991 Newell et al,
The energetic electron population along the magnetopaus2007). The majority of these values have been derived by
has been analysed here to gain understanding of the propeassuming a functional form with solar wind parameters and
ties as well as the transport mechanisms that could populateomputing appropriate coefficients to match geomagnetic in-
this high-latitude region. The observations here are now comdices such as Dst and ARlilan et al. (2012 has assumed
pared with the expected properties for each proposed source. functional form for the dayside reconnection rétg and

derived coefficients through monitoring data from the IM-

AGE spacecraft of open and closed field line boundaries.

Ann. Geophys., 30, 1003t013 2012 www.ann-geophys.net/30/1003/2012/
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Fig. 5. The top three panels show 41-51 keV omnidirectional electrons flux measured on C1, C2, and C4 while passing through the high-
latitude magnetopause. The bottom panel ishtilan et al. (2012 reconnection potentiabp. ®p is derived from upstream OMNI solar
wind measurements.

Since geomagnetic indices take time to reflect energy inputesolution correlation (one minute resolution) with a solar
through dayside reconnection, measuring of open and closedind/magnetosphere coupling function.
field lines is a better approach to find the conditions favorable The electron pitch angle distribution provides additional

for dayside reconnection. The coupling function friMitan information to determine where the particles may be origi-
etal.(2012 is given in Eq. (1): nating. In a broad sense, simply the direction of the energetic
electron flow gives information as to the origin. If a south-
dp = AVf/sByz sin?/? (}9> 1) warq pointing IMF was draped. over the magnetopause and
2 particles were released onto this field line through the recon-

nection site, they would travel parallel to the magnetic field
whereA is a constant with the value®x 10°m*3s3, Vi |ing in the Southern Hemisphere. This is consistent with the
is the X-component of the solar wind velocitByz is the  gpservations.
magnitude of the Y and Z components of the IMF vector, | 3 finer sense, the location of the peak of the pitch an-
and6 is the IMF clock angle. Thisbp value is compared gje distribution can give additional information. If a particle
to the electron flux to see if the bursts occur at times whengistribution peaked at a pitch angle of°9(as is often ob-
one would expect dayside reconnection. The OMNI data (dexseryved in the equatorial dayside magnetosphere) and travels
scribed athttp://omniweb.gsfc.nasa.ggvare used for up-  from an area of high magnetic field strength to low magnetic
stream magnetic field and plasma parameters. Flgshews  field strength, the peak of the distribution will shift to be-
the comparison of 41-52keV electrons measured by C1, C2ome more field-aligned to conserve the first adiabatic in-
and C4 with®p. The timing of each enhancement varies; yariant. The observations by C2 show a peak in pitch angle
however, in each case the electron flux enhancements ocCWetween 20 and 60 rather than simply a distribution peak
during time periods of higher reconnection potential. This is 3t . These measurements are consistent with a source such
consistent with the picture that electrons are streaming oufg the dayside trapping region where a particle distribution
on field lines newly opened through reconnection. A 40keV that originally peaked at 90s released to a region of lower
electron travels at roughly 18 s~1, so little time (fractions magnetic field such as the high-latitude boundary layer.
of a second) is needed to wait for the propagation between The energy spectra and sometimes apparent bursty nature
the reconnection site and where they are observed by thgre also consistent with the geometry illustrated in Rig.
Cluster spacecraft. Previous studies have shown the energetig,e figure shows the spacecraft on open magnetic field lines
electron fluxes to correlate with geomagnetic indices on aypijle crossing the high-latitude magnetopause. As the elec-

large time scale (hoursMeng and Andersaril975 Baker  tron population is released through intermittent reconnection,
and Stone 1977, but this is the first evidence of a higher

www.ann-geophys.net/30/1003/2012/ Ann. Geophys., 30, 100313 2012
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they travel past the spacecraft in bursts. Since the spacecraftagnetopause, this will only provide 1-2 keV in energy to
are on open field lines, the bulk of the electrons do not mirroran electron, far below the energy in the observed enhance-
and return. The one-directional flow is shown well through ments. Additional mechanisms as part of reconnection have
the two bursts in Fig2. The distribution during a burst or been put forth that are capable of heating the electrons up
outside of one is relatively unchanged when looking at parti-to the observed several hundred keV. Two possible methods
cles flowing antiparallel to the magnetic field line (pitch an- are (1) Fermi acceleration of electrons trapped within col-
gle of 160-18C). When looking at electrons flowing from lapsing magnetic island®¢ake et al.2006 and (2) heating
the direction of the dayside reconnection (pitch angle°ef 0 of electrons passing through a reconnection electric potential
30°), an additional population represented by a power law isacross the reconnection regidigedal et al.2008. In both
present. of these reconnection processes, the electrons are accelerated
A recent study far downtail {72Rg > Xgsm > in a confined space. Observations in the magnetosphere have
—102Rg) by the Cassini spacecraft during an Earth not shown the same heating for ions. This is likely due to the
swing-by measured similar bursts of energetic electrons andarger gyroradii of an ion compared to an electron. The larger
concluded these were the result of magnetic reconnectiogyroradii cause the ion to be scattered out of magnetic ge-
along the flank of the magnetopause releasing trappe@metries an electron can travel through to gain energy. Sim-
particles Ogasawara et al2011). These bursts were short ulations show the magnetic islands resulting from reconnec-
in duration and occurred while the IMB, component was tion are~2500 km Chen et al.2008, while the gyroradius
southward. The similarities between the electron propertieof a 50 keV H" ion is 1615km in a typical magnetic field
measured just poleward of the cusp in the current studystrength observed within an island. The full diameter of a
and far downtail by Cassini or by IMP-8&ker and Stone  gyration would be 3230 km, which is larger than the size of
1978 imply the reconnection mechanism could be releasingthe magnetic island. The result is the ion would not be able

electrons to a broad region along the magnetopause. to stably gyrate and mirror inside the magnetic geometry, and
therefore would scatter out without being heated as the island
4.2 Reconnection acceleration collapsed.

In the 3 April 2011 Cluster pass, enhanced energetic ions

The process of magnetic reconnection is widely believed toand electrons are observed with similar profiles implying a
be an efficient mechanism in rapidly converting magneticsimilar source. Since ions with energies up to hundreds of
energy into plasma energy. Observations from a number okeV are observed, it is unlikely that acceleration within the
spacecraft including WIND @ieroset et a).2002, GEO- reconnection region is causing this population. The onsets
TAIL (Nagai et al. 2001 and Cluster Yaivads et al.2011; of the energetic electron and ion enhancements occur at the
Asnes et a].2008 have presented measurements of electronsame time, but the ions are observed to be enhanced over a
acceleration up to hundreds of keV associated with reconnedenger time period than the electrons. This is likely due to
tion within the magnetotail. The efficiency of reconnection scattering of the ions along the magnetic field line due to
to accelerate electrons in other regions however, has beetheir larger gyroradii.
less clear. Measurements of thin current sheets in a turbu-
lent magnetosheath have shown some evidence for electroh3 Exterior cusp
acceleration Retino et al, 2007, while an absence of en-
ergetic particles has been noted in reconnection in the solaBtatistical work of electrons on the dayside of the magneto-
wind (Gosling et al. 20095. Direct observations of particles sphere shows the exterior cusp contains enhanced fluxes over
being accelerated at the magnetopause have been limited, batwvide range of latitudéNalsh and Fritz2011). This popula-
simulations of the dayside magnetosphere predict it to be oction is consistently present on open field lines. The magnetic
curring. Modeling of this region using a particle-in-cell (PIC) field lines threading the cusp form the magnetopause, so if
model Oing et al, 1992 and large-scale kinetic (LSK) sim- these electrons leave the cusp, they could be later observed
ulations with a global MHD modelBerchem and Richard along the high-latitude magnetopause.
2008 have shown particle acceleration due to reconnection Modeling byNykyri et al. (2012 has shown the presence
along the dayside magnetopause. of energetic electrons in the cusp is due to local heating via

The question to now address is whether or not the observedrift acceleration. As the particle gradients drift around the
properties by Cluster along the high-latitude magnetopausenagnetic minimum in the cusp, they can gain energy as they
are consistent with the expected signatures of acceleratiotravel through the electric potential created due to dayside re-
associated with reconnection. Although some plasma heatingonnection. This heating would occur on time scales of the
occurs in the exhaust region of an X line, this will only heat electron’s drift period around the exterior cusp. Particle trac-
a plasma population to the Aln speeduva = Bo/(p no)Y/? ing by Sheldon et al(2008 has shown this drift period to
where By is the magnetic field strengthyp is the mag-  be tens of minutes. The bursts on the high-latitude magne-
netic permeability constant, andis the mass density of the topause last between 30 and 120 s. This is much shorter than
plasma. In the typical plasma conditions along the daysidehe time periods of cusp drift acceleration, although if the

Ann. Geophys., 30, 1003t013 2012 www.ann-geophys.net/30/1003/2012/



B. M. Walsh et al.: Magnetopause energetic electrons 1011

trapped patrticles in the cusp were being released over time and Fazakerley, A. N.: Multispacecraft observation of elec-
periods, they could be measured for the observed time peri- tron beam in reconnection region, J. Geophys. Res., 113, Al12,
ods. doi:10.1029/2007JA01277@008.

The observed pitch angle distribution however is incon- Baker, D. N. and Stone, E. C.: The .relati.onship of energy flow at
sistent with the energetic electrons originating in the exte- e magnetopause to geomagnetic activity, Geophys. Res. Lett.,
rior cusp. Observationsiaish et al. 2010 and modeling i’ 39;‘398‘18';0'102:/?‘_%?14'010'000?95977' ic elect
(Nykyri et al, 2012 have shown electrons heated through aker, . 1. and stone, . .. The magnetopause energetic electron

drif | ion in th di . . ked layer. | — Observations along the distant magnetotail, J. Geophys.
rift acceleration in the cusp diamagnetic cavity are peake Res., 83, 4327-4338, 1978,

at a pitch angle of 90in a local magnetic field minimum. Balogh, A., Dunlop, M. W., Cowley, S. W. H., Southwood, D. J.,
Field strengths in the cusp diamagnetic cavity range between Thomlinson, J. G., Glassmeier, K. H., Musmann, G., Luhr, H.,
10nT and 40nT (e.grarrell and Van Allen199Q Chen et Buchert, S., Aciia, M. H., Fairfield, D. H., Slavin, J. A., Riedler,
al.,, 1998 Zhang et al.2005. Particles within this magnetic W., Schwingenschuh, K., and Kivelson, M. G.: The Cluster Mag-
field strength would not be focused on a field-aligned dis- netic Field Investigation, Space Sci. Rev., 79, 65-91, 1997.
tribution at the observed field strengths of 43nT along theBalogh, A., Carr, C. M., Acia, M. H., Dunlop, M. W., Beek, T.
high-latitude magnetopause. Therefore, electrons accelerated J-» Brown, P., Fornacon, K.-H., Georgescu, E., Glassmeier, K.-
through drift acceleration in a cusp diamagnetic cavity are - Harris, J., Musmann, G., Oddy, T., and Schwingenschuh, K.:

- . . It The Cluster Magnetic Field Investigation: overview of in-flight
not consistent with what is observed along the high-latitude performance and initial results, Ann. Geophys., 19, 1207-1217,
magnetopause.

doi:10.5194/angeo0-19-1207-2Q@D01.

Berchem, J. and Richard, R.: Magnetic reconnection and parti-
cle acceleration at the Earth’s dayside magnetopause: results
from global simulations, AIP Conf. Proc., 1039, 301-306,

. doi:10.1063/1.2982462008.
Cluster spacecraft observations have shown enhancemen en. J.. Fritz, T. A., Sheldon, R. B., Spence, H. E.. Spjeldvik, W,

of energetic electrons occurring in bursts along the high-— "cohai 'y F. Livi, S, Russell, C. T., Pickett, J. S., and Gur-
!atltud_e magnetopause. These bgrsts are field-aligned flow- nett, D. A.: Cusp energetic particle events: Implications for a ma-
ing tailward and occur on short time scales. The bursts 0c- jor acceleration region of the magnetosphere, J. Geophys. Res
cur while a reconnection potential index indicates that day- 103, 69-78, 1998.

side magnetic reconnection is likely to be occurring. TheseChen, L.-J.; Bhattacharjee, A., Puhl-Quinn, P. A., Yang, H., Bessho,
properties are consistent with the energetic particles being N., Imada, S., Muhlbachler, S., Daly, P. W., Lefebvre, B,

released through dayside reconnection. After being released Khotyaintsev, Y., Vaivads, A., Fazakerley, A., and Georgescu, E.:
they stream along newly opened magnetic field lines to pop- Observation of energetic electrons within magnetic islands, Na-
ulate the high-latitude magnetopause. The properties of the ture, 4, 19-23doi:10.1038/nphys772008.

particles are more consistent with a release from the trapping@Y: P- W., Saunders, M. A., Rijnbeek, R. P., Sckopke, N., and

region by dayside reconnection than escape from the exterior Russell, C. T.: The. d'smbu“or.] O.f reconnection geometry in flux
transfer events using energetic ion, plasma and magnetic data, J.

cusp or heating through reconnection acceleration. The ob- Geophys. Res., 89, 3843-385#:10.1029/JA089IA06p03843
served particle properties are similar to those observed along 19g4 =~ o ’

the further downtail along the magnetopause, indicating thabing, D.-Q., Lee, L.-E., and Swift, D.-W.: Particle Simulations

during appropriate conditions, reconnection on the dayside, of Driven Collisionless Magnetic Reconnection at the Dayside

or potentially along the flanks, may release particles that pop- Magnetopause, J. Geophys. Res., 97, 8453-8481, 1992.

ulate this region as well. Domingo, V., Page, D. E., and Wenzel, K.-P.: Energetic and Rel-
ativistic Electrons Near the Polar Magnetopause, J. Geophys.
Res., 82, 2327-2326, 1977.
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