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Abstract. During the last 30 years, several magnetosphericl Introduction

missions have recorded the presence of narrow proton struc-

tures in the ring current region. These structures have beeburing the last 30 years, several inner magnetospheric mis-

referred as “nose-like” structures, due to their appearancsions have recorded the presence of various fine structures in

when represented in energy-time spectrograms, charactethe proton spectrograms, which have been referred as “nose-

ized by a flux value increase for a narrow energy range. like” structures due to the shape of the created features in the
, , . ) energy-time spectrograms. These features are characterized

_ Cluster's polar orbit, with a K¢ perigee, samples the 5 qeener inward penetration of particles coming from the

ring current region. The ion distribution functions obtained tail at a given energy. This global “nose-structure” denomi-

in-situ by the CIS eXPe“me“t (for energies o5 eV/q 10 haiion can however regroup several different formation pro-
40 keV/q) reveal the simultaneous presence of several (Up tQaggag

3) narrow nose-like structures. A statistical study (over one
year and a half of CIS data) reveals that double nose struct-)it
tures are preferentially observed in the post-midnight sector,

L f protons in the 15-20 keV energy range, down to L=3 or 4
Also, the characteristic energy of the nose (the one observea P dy rang

tthe | h | il .e. at lower altitude than the plasmapause location), in the
atne lower energy range when severai noses occur simu ae'vening sector and associated with substorms. This penetra-

neously) reveals a clear MLT dependence during quiet eventyon of plasma issued from the plasma sheet was explained as
(K, <2): a sharp transition in the energy range occurs in the,

. combination of specific energy that allows particles to pen-
pre-noon sector. Moreover, the multi-nose structures (up to f P 9y P P

it dl fth t0Sph etrate more inward as explained by the adiabatic motion of
simuftaneous noses) appear regardiess of the magnetosp ef)'grticles (conservation of the first two invariants) in station-
activity level and/or the MLT sector crossed by the space-

f ary electric (corotation plus convection) and magnetic fields,
crat. together with the existence of forbidden regions for other en-

Numerical simulations of particles trajectories, using €rgy ranges.
large-scale electric and magnetic field models are also pre- Using the same data, Ejiri et al. (1980) described the phe-
sented. Most of the features have been accurately reprgdomenon responsible for these structures as a two steps pro-
duced (namely the single and double noses), but the triplgess: first plasma issued from the plasma sheet is injected
noses cannot be produced under these conditions and requiteward by a relatively weak convective electric field. Then
to consider a more complex electric field model. this field increases suddenly, leading to an energy dispersion
of the ions. These nose-like structures were thus referred as
Keywords. Magnetospheric physics (Energetic particles, “substorm nose structures”. Ejiri et al. (1980) observed that a
trapped; Magnetospheric configuration and dynamics;minimum AE threshold of 250 nT was necessary to observe
Plasma convection) substorm nose structures at these distances.
Moreover, some similar features have also been observed
on the Polar CAMMICE data during even moderate activity
(AE=150-250nT). Ganushkina et al. (2001) demonstrated
Correspondence tcC. Vallat that large-scale electric field changes are not sufficient to ex-
(claire.vallat@esa.int) plain the fast formation (less than one hour) of these “intense

Using data issued from the “Explorer 45” (equatorial or-
), Smith and Hoffman (1974) first observed a flux increase

Published by Copernicus GmbH on behalf of the European Geosciences Union.



172 C. Vallat et al.: lon multi-nose structures

nose events”, as named by the authors. They showed that lo- Polar also recorded multi bands (more than 2) of ions. This
cal pulses in the electric field (up to 4 mV/m) associated withled to several interpretations: on one hand Li et al. (2000)
substorm dipolarization are necessary to explain such rapiéxplained it as the result of ion drift echoes following an in-
formation time and radial location of the observed features. crease of the convection electric field. Particles are injected
Some nose-shaped structures were observed by Akeboraeeply inward, following the electric field increase, and they
at altitudes up to 10 000 km. Shirai et al. (1997) interpretedstart to disperse, high energy particles drifting faster around
them in terms of mono-energetic ion drop off. These gapsthe Earth than low energy ones, their population superpos-
which appear at about 10 keV, were observed over a wide latiing the slower one locally. On the other hand, Ebihara et
tudinal range at almost constant energy. This gap comes uswal. (2004) interpreted this feature as the result of two com-
ally together with a simultaneous gap at lower energy, driv-bined processes: a change in the convection electric field to-
ing to the creation of another type of nose-like structure, usu-gether with a change in the distribution function of the source
ally at lower energy ranges than the substorm nose structure® explain the low energy particles features. They showed
(i.e. below 10 keV). Moreover, these structures (that will bethat a change in the convection electric field can move the
referred in the following as “stationary nose structures”) ap-nose energy range to higher or lower energies, leading to the
pear regardless of the magnetospheric activity level. Usingsimultaneous observation of the “old” nose (created before
an ion drift trajectory model, Shirai et al. (1997) were able to the convection electric field change) together with a new one.
reproduce such structures, and showed that they are the con- This variety of structures, presenting roughly the same sig-
sequence of the open/close character of the particle orbit:atures on the energy-time spectrograms issued from several
at the Akebono location, corotation electric field is sufficient missions, are thus thought to have different origins and to
to close the orbit (around the Earth) of low energy particlesappear at restricted locations and under specific activity con-
which are drifting eastward. Also, the magnetic field gradientditions. Their frequency of appearance is however still under
is strong enough to close the orbits of high energy particlegquestion, as well as the dominant mechanisms involved in
which are drifting westward. As a consequence, for these entheir formation.
ergies, particles are not continuously supplied from the tail Recent data obtained onboard the Cluster spacecraft by the
region. However, particles with intermediate energies are orCODIF/CIS ion mass spectrometers reveal also the presence
open orbits (neither corotational field nor magnetic field gra- of different types of nose structures, for any MLT sector or
dient permit to close their orbits around the Earth), creatingmagnetospheric activity level. Here we present a statisti-
the nose structures observed on the Akebono data. cal study based on about 163 perigee passes of the Cluster
Earlier on, Lennartsson et al. (1979), by analyzing ISEE-1spacecraft, aiming to extract the main characteristics of these
data, demonstrated that in the morning sector the ion velocitfeatures and to determine where they appear preferentially.
distribution was presenting a hole for a given energy rangeThen, using numerical modeling, we try to understand the
This hole was explained in terms of the very long time of main process(es) responsible for the creation of such struc-
residence of particles with a given energy, for which the elec-tures, and what are the most influent parameters on the struc-
tric field action (leading to an eastward drift of protons) and ture’s shape. After a brief reminder concerning the Cluster
the magnetic field action (leading to a westward drift of pro- mission and its onboard plasma experiments (Sect. 2), we
tons) are antagonistic and almost compensate each other. Thgesent CIS observations of single and multi-nose structures
drastically decreased drift velocity of this population createsobserved at different MLT locations (Sect. 3). Then, based
a spectral gap in some sectors of the magnetosphere, knowsh more than one year and a half of data, a statistical study
also as “stagnation dip”. over 163 Cluster perigee passes is presented (Sect. 4). Fi-
More recently, Kovrazhkin et al. (1999) listed the differ- nally, particle trajectory tracing is performed to understand
ent types of gaps observed on the ION spectrograms onthe main mechanisms involved in the structures formation,
board the INTERBALL spacecraft: the one described byand the influence of magnetic and large scale electric fields
Shirai et al. (1997) on Akebono data and the one describe@¢hanges on the structures observed (Sect. 5).
by Lennartsson et al. (1979), corresponding to the very long
time of azimuthal drift of particles for a given energy.
Double nose structures (referred in the following as “split 2 Instrumentation
nose”), as seen in the morning sector by the ION exper-
iment onboard Interball-2, were studied by Buzulukova et2.1 Cluster
al. (2003). They are interpreted by the authors as the result
of a superposition in the spectrograms of a single stationanfhe Cluster mission is composed of four spacecraft launched
nose (Shirai et al., 1997) together with the gap described andn closely spaced elliptical polar orbits, with a perigee at
analyzed by Lennartsson et al. (1979). This gap, which wasbout 4R and apogee at about 1% (Escoubet et al.,
observed in the morning and pre-morning sector, is create@001). This allows Cluster to cross the ring current region
at energies within the nose energy range, leading to a split ofrom South to North during every perigee pass, and to ob-
the stationary nose into two parts. tain its latitudinal profile (Vallat et al., 2005). Moreover, due
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to the annual precession of its orbit, Cluster is crossing thg|llat|=68.2, Southern hemisphere), a field aligned popula-
equator at all MLT ranges over a yeatr, allowing an equatorialtion appears, characterizing ion beams up-flowing from the
picture of the ring current at the Cluster’s perigee distance. ionosphere and remaining until 14:58 UTi{t|=67.4).
After 14:50 UT, RAPID is observing the smooth entrance

22 CIS of the spacecraft in the ring current, starting from lower en-

ergy particles (around 30 keV) and extending up at all energy
The Cluster lon Spectrometry (CIS) experiment on boardranges from 14:58 UT. Please note that for this event RAPID
Cluster, which consists of the two complementary spec-data were no longer available when approaching the equator.
trometers HIA and CODIF, provides the three-dimensional After 15:30 UT, an ion gap is present from 19keV and
ion distributions with one spacecraft spin (4 s) time resolu-above in the CODIF spectrogram, which extends to the lower
tion (Reme et al., 2001). The mass-resolving spectrometeenergies with decreasing latitude of the spacecraft. This gap
CODIF provides the ionic composition of the plasma for the persists down to the equatorial plane both in the Southern
major magnetospheric species(HHe", He"* and O"),  and Northern hemispheres. A gap at lower energy ranges
from the thermal energy to about40 keV/e, covering thus  (from thermal energies up to 5.5keV) appears abruptly at
alarge part of the ring current energy range (Williams et al.,15:39 UT (llat|=61.6). These two simultaneous gaps result
1987). HIA does not offer mass discrimination but has a bet-in the nose structure in the CODIF spectrogram, whose en-
ter angular resolutiom{5.6°) that is adequate for ion beam ergy is situated between 5.7 and 7.2 keV. The gap is also vis-

and solar wind measurements. ible by RAPID, characterized by a decrease in the flux in the
27-68 keV channel as the spacecraft approaches the equato-
2.3 RAPID rial plane. After the traversal of the equatorial plane in the

Northern hemisphere, the nose structure is still observed.
At higher energies, the RAPID spectrometer (Research with  The main boundaries (i.e. lobe/near Earth plasma sheet
Adaptive Particle Imaging Detectors) permits the detectionangd near Earth plasma sheet/ring current) are also observed
of suprathermal plasma distributions of electrons (fre@0 in the O spectrograms. Moreover, up-flowing ions issued
to ~400keV) and ions £30keV/nucleon to~1500keV)  from the ionosphere are seen in the spectrograms (14:50 to
(Wilken et al., 2001). As a consequence, Cluster is capa14:58 UT, |llat| between 68.9and 67.4, respectively) and
ble of sampling the entire ring current energy range duringpresent an inverted “v” structure. Once inside the Plasmas-
its perigee pass (Williams et al., 1987). phere region (deduced from the CODIF-RPA data, see Sect. 7

and Fig. 13), a nose structure is also observed foy @ith

an energy range between 5.7 and 9.5 keV. Unfortunately, the

3 Cluster observations reduced energy resolution of the"@ata does not allow us to
_ unambiguously determine if both populationst(@nd H")
3.1 22 February 2002: single nose present the nose structure at exactly the same energy. How-

ever, both spectrograms tHand OF) have a similar appear-
During the 22 February 2002 perigee pass, Cluster is comgnce.

ing from the Southern lobe through the plasma sheet into the

ring current region. Théd,, index of —6 nT reveals avery 3.2 21 November 2001: “double” nose

low ring current activity during the Cluster equatorial cross-

ing, at~00:00 MLT. The AE index remains between 100nT The 21 November 2001 perigee pass occurs in the morning

and 250 nT during the 10 h prior to the event. Cluster SC4sector (MLT~07:00), and reveals a somehow different fea-

data are presented in Fig. 1. This figure represents, fromure than the 22 February 2002 one. Thgindex of—12nT

top to bottom: the RAPID proton flux (between 27.6 and characterizes the low activity level of the ring current, but the

1107 keV, with a data gap occurring just before the perigeeAE index reveals some substorm activity previous to the pass

pass), the proton spectrogram in particle flux units as mea¢4 to 14 h before, not shown). Cluster data are presented in

sured by CODIF, the pitch angle distribution of protons for Fig. 2. Approaching from the Southern lobe, Cluster crosses

the ~0 to 10keV energy range, the'Gspectrogram in flux  the dayside boundary layer at 19:09 UT (M&8.5). This

units and the O pitch angle distribution fortheOto 10keV  region is characterized by a relatively isotropic distribution

energy range. L-shells values, radial distance and invariandf ions (seen from~19:30 UT) with energies of a few keV

latitudes are shown at the bottom of the figure. The red arto a few tens of keV, and a densi&5 cn 2.

row indicates the equatorial crossing. At about 20:30 UT,|llat|=72, the spacecraft enter the
Arriving from the Southern lobe, Cluster 4 encounters ring current region, signified by the appearance of trapped

a boundary at 14:28 UT, characterizing its entry into the (#~90°)>10keV ions. We note that the trapped population

near Earth plasma sheet. The proton population observei$ not obvious in the pitch angle plot of Fig. 2 due to the

by CODIF has an isotropic distribution function. How- broad energy range. By examining the RAPID proton data,

ever, at 14:50 UT, once Cluster arrives at lower latitudeswe note that the low energy part of the ring current appears
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Fig. 1. SC4 particles data for the 22 February 2002 event. From top to bottom: RAPID proton flux in flux units, CIS/CODIF proton flux
in flux units, the proton pitch angle distribution in flux units for the 0-10 keV energy range, théu® in flux unit, the O pitch angle
distribution in flux unit for the 0 to 10 keV energy range and the L-shell values crossed by the spacecraft. Radial di®areselimvariant
latitudes are indicated at the bottom of the plot. Red arrow indicated the equator crossing.

first, followed by an increase of the fluxes at higher energy On the other hand, a trapped population co-exists at
ranges as Cluster crosses lower L-shells. Near the Equanedium energies (between 1.5 and 7 keV), which forms a
tor, the maximum of the flux is observed within the 95.4 to nose-like structure at low L-shells, centered around 3.8 keV
168.7 keV energy channel of the RAPID instrument. Sinceand stationary between the inbound and the outbound of
Williams et al. (1987) stated that 90% of the ring current is the Cluster orbit. Above this energy, another stationary
carried by particles with energy from 15 to 250 keV, this flux nose-like structure appears around 16 keV, extending down
maximum is characteristic of this population. Itis also worth to |llat|=62.6 (21:18 UT). These two noses co-exist locally.
noting that, along the Cluster path and for the overall ringHowever, the equatorial edge of the lower energy nose is sit-
current energy range (from 10keV to 500 keV), lower en- uated at lower latitudes.
ergy particle fluxes peak at higher L-shells. This has already The gap separating the two noses persists throughout
been observed by AMPTE/CCE/CHEM at all MLT sectors the perigee pass, frofilat|=69.9 in the Southern Hemi-
and for energies above 20 keV (Milillo et al., 2001). sphere (20:40 UT) tdllat|=70.4 in the Northern Hemi-

At lower energies (i.e. below 10keV), several popu- sphere (23:13 UT), its characteristic energy increasing with
lations seem to emerge: on the one hand, down tadecreasing latitude.
[llat|=63° (21:17 UT, Southern Hemisphere) aidt|=60.5
(22:17 UT, Northern Hemisphere), very narrow structures are3.3 11 April 2002: “triple” nose

seen at low energies (up to 1 keV), presenting a butterfly pitch ) )
angle distribution (not shown). Multi noses structures are also evident in the CODIF spectro-

grams during several Cluster perigee passes. Data for the 11
April 2002 perigee pass (ML¥21:00) are shown in Fig. 3.
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SC 4 21/Nov/2001
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Fig. 2. SC4 particles data for the 21 November 2001 event. From top to bottom: RAPID proton flux in flux units, CIS/CODIF proton flux in
flux units, the proton pitch angle distribution in flux units for the 30 eV-40 keV energy range and the L-shell values crossed by the spacecraft.
Radial distance ilRg and invariant latitudes are indicated at the bottom of the plot. Red arrow indicated the equator crossing.

This event also takes place during a very quiet period, withother noses (however at those latitudes, this corresponds to
a positive Dy; index during more than two days preceding a dispersion between}in=5.64 and lna=6.22).

the equatorial crossing by the spacecrdit,£21 nT during In spite of a higher level of background in the @pectro-

the crossing). Th& , index, always below 2 during the 12h grams in the radiation belts (due to the longer time of flight
prior to this event, confirms these quiet magnetosphere conef the O" in the detection system), the first nose structure
ditions. (characteristic energy below 10 keV) is also seen in the oxy-

Initially in the magnetosheath, Cluster crosses the boundgen data. A second nose is present at higher energy during
ary layer before entering the ring current region at aboutthe inbound (between 15 and 20keV) but no other nose is
04:14 UT (llat|=67.2, Southern Hemisphere). detected for this population. However, since the energy dis-

At energies higher than 3 keV, several nose structures argnmm?tlonfls réotgals fgoigr fo_rt _oxygen_kz)ils i?]r {)rotor:ls (16 en-
observed simultaneously: at least two during the inbound'9Y Steps Tor L, or H™), itis possible that such narrow

part of the orbit and three during the outbound (shown byenergy structures are nc_Jt regolved n thbo .
the black arrows) These three events, in spite of the similar activity of the

magnetosphere and the same radial location of the spacecraft,

The poleward edges of the two inbound noses start ak.e nresenting strongly different features, i.e. single, double
[llat|=66.4 (Southern hemisphere, 04:21 UT), with the ., triple nose structures.

lower energy nose penetrating deepeyit=4.63 for the nose
centered around 5keV andnly=4.9 for the one centered
around 18keV). During the outbound part of the orbit, a
third nose structure is detected at even higher energy (about
26 keV), albeit with a dispersion looking smaller than the

www.ann-geophys.net/25/171/2007/ Ann. Geophys., 25, 1902007
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SC 4 11/Apr/2002
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Fig. 3. SC4 particles data for the 11 April 2002 event. From top to bottom: RAPID proton flux in flux units, CIS/CODIF proton flux in
flux units, the proton pitch angle distribution in flux units for the 30 eV-40keV energy range, thtu©in in flux units and the L-shell
values crossed by the spacecraft. Radial distandgirand invariant latitudes are indicated at the bottom of the plot. Red arrow indicated
the equator crossing.

4 Statistical study sually and recorded every nose observed on the proton spec-
trograms. We made a distinction between events presenting

To investigate the distribution of the different types of struc- & Single nose structure, double nose structure and 3 noses
tures, a database has been created based on 163 perigdgcture (maximum number of noses recorded by CODIF
passes of Cluster SC 4 (or SC1 when data from SC4 werdluring a single pass). Approximately 60 perigee crossings
not available), between the 5 October 2001 and the 8 Mayuring this period were not considered for the study: they in-
2003. Data acquired after May 2003 were not taken into acCluded events presenting an uncertainty concerning the num-
count in this study: due to radiation belts background con-Per of bands observed (only a few events), and events for
tamination (as a consequence of the instrument degradationy/hich the radiation belts background was too high to deter-
CODIF does not allow accurate enough observations of thdnin® unambiguously if a structure was present or not.

narrow energy structures near perigee.. When inbound and outbound parts of a single orbit didn’t
The perigee distance did not change significantly duringreyeal the same number of noses (only for a very few cases,
this time interval, evolving from R=4.13R to R,=4.04Rx sych as the 11 April 2002 event), we chose to consider only
between the first and the last event, respectively. Within thise part of the orbit having the higher number of noses.
time interval, the perigee of SC4 was always situated be4yoreover, events for which the higher energy boundary of
tween 4 and 4.R. a structure was not visible on the CIS spectrograms (its en-
Since an automatic recognition of the nose structures iergy range extending above the upper energy limit of the in-
not feasible due to the “zo0” of structures co-existing at thestrument) were not taken into account. Finally, wedge-like
Cluster perigee location, we analyzed every perigee pass vistructures (Ebihara et al., 2001) were not considered since
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their characteristic energy, together with the structure they All MLT:
are forming on the spectrograms, is somehow different from Normalized occurence of structure per Kp
the nose ones (see Yamauchi et al., 2006).

For each of the 163 events the number of noses, their char: o0 T
acteristic energy and the MLT sector crossed by the space: _ ]
craft has been noted. Moreover, tkig and D;; indices as- - - Ono nose
sociated to each event have also been listed. Over the 16" ° ] B 1 nose
perigee passes listed, 49 were not revealing any nose struc  2° ® 2 noses
ture, 71 were presenting a single nose structure, 40 were pre 10 | N B3 noses
senting a double nose structure and only 3 events revealec °© o 0s ‘ it ‘

three simultaneous noses.
Kp range
4.1 Normalized occurrence of the numbers of simultaneous _
structures (0, 1, 2 and 3) for variou& §, MLT) couples \':zliglu:s Normalized occurrence of the number of structuresigr
Figure 4 presents the normalized occurrence of the number of

energy structures péf), index range. A distinction has been g ¢, tion of the MLT sector crossed by Cluster. When sev-
made between events presenting no nose structure (Vellowyy | hose structures occur simultaneously, the associated en-
one nose (cyan), two noses (purple) or three noses StruCtUreGqias are plotted, i.e. colored marks are used to distinguish
(red)_. L . the lowest energy range nose (blue marks), the second one
Without further analysis, it already appears that for high (,ink squares) and the third one (yellow triangles) observed

activity levels, the lack of nose seem to be the most fre-,y copF, Some inaccuracies on the energy determination
quent case. This can be understood since during high activityan occur since the energy resolution of the instrument is av-

periods (several successive substorms for example) fre5h|¥raged over the mean energy of each energy bin.
injected particles can hide the previously formed stationary gyme remarks emerge:

nose structures.

During low and moderate activity periods, single nose 1his js the first time that multi-nose structures are ob-
structures appear preferentially, but double nose is also ofgored over such a wide MLT range. Moreover, three
ten pbserved. i simultaneous noses are also observed occasionally in the

Figure 5 presents the normalized occurrence of the NUMayening sector (the few events presenting such structures are
ber of energy structures pef(, index range, separately gjtyated in the 21:00—04:00 MLT sector).
for each of the four quadrants of the Magnetosphere (from |, this plot (all activity levels included), we do not see
MLT=00:00 to 06:00, from MLT=06:00 to 12:00, from gny cleqr relationship between the nose energy and the MLT
MLT_l,Z‘O(_) to.18.00 and from MLT=18:00 to 00:00). The gecior where they are observed. However, if we make a dis-
normalization is made over the number of passes per quadinction between quiet events (i.e. wikf, index up to 1) and
rantand pek, range. ] o disturbed ones, we get the results shown in Figs. 7 and 8.

These plots reveal the overall changing distribution of the  gyen, if the statistics are much more reduced, this quiet

number of noses observed in the CODIF spectrograms withyent selection (Fig. 7) presents a clearer trend of the energy-
respect to the MLT sector crossed by the spacecraft. During, 1 dependence:

low activity perion, d.ouble noses .strl.Jctures seem.to occur Focusing on the energy range of the first nose-like struc-
frequently, especially in the post-midnight and morning sec-; ;.o (blue marks), we clearly observe an MLT dependence
tors. , _ of this characteristic energy range with the nose energy de-

Events for which CODIF recorded 3 noses remain exceP-creasing from~15keV down to~1keV, counterclockwise
tional and no statistics can be made concerning this type of,om the pre noon sector (around METLO:00).

feature. Using a linear fit for the lower energy noses (see Fig. 7),

Concerning high activity eventsk(,>4), zero and sin-  \ye can deduce a relation between the energy of the nose and
gle nose structures are predominant. Nevertheless, the poghe MLT sector:

statistics available for this kind of event is especially bad in
the 06:00-12:00 and 12:00-18:00 MLT sectors (dayside). AsE (keV) = —0.3276x MLT 19 + 14.975 (1a)

a conseguence, no conclusion can be made per MLT sector.
and MLT10=MLT in hours in the dusk half sector (from

4.2 Characteristic energy of the nose vs. MLT MLT=10 to MLT=24), and MLT;0=MLT+24 otherwise. The

correlation coefficient is, in that cas€?=0.6339. A similar
Figure 6 shows the mean energy of the nose structure (arend is also seen in the pink marks, representing the energy
its equatorial edge) for each of the 163 perigee passes, amange of the higher energy nose (when observed).

www.ann-geophys.net/25/171/2007/ Ann. Geophys., 25, 1902007
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MLT= 12-18: Normalized occurence of structures

per Kp
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MLT=18-24: Normalized occurence of structures

per Kp
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Fig. 5. Normalized occurrence of structure type per (MKT,) couples:
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Fig. 7. Characteristic energy of each nose structure vs. MLT, for

Fig. 6. Characteristic energy of each nose-like structure observed byK p=0 and 1.

CODIF, as a function of the MLT sector crossed by Cluster. Blue
marks represent, when occurring, the nose observed at the lower
energy range, whereas pink marks (resp. yellow) represent charac-

teristic energies of the second (resp. third) nose-like structure.

Another way to show the data is to plot log\gsg) with

respect to MLT, with Eyosgin eV :

log(Enosg) = —0.0228x MLT 10 + 4.3552

Ann. Geophys., 25, 17190, 2007

(1b)

Wwith ~2=0.5678 (plot not shown). However, during more ac-
tive events (i.eK,=2 or 3, see Fig. 8), we do not observe

a trend for the lower energy nose as clear as for more quiet
events (see Fig. 7). Even if the same global trend seems to be
present, secondary trends are observed locally, especially in
the evening (21:00-00:00) and morning (06:00-12:00) sec-
tors (see Fig. 8).
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2<Kp<4 Characteristic energy of the first nose as a function of MLT
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Fig. 8. Characteristic energy of each nose structure vs. MLT, for Fig. 9. Characteristic energy of the low energy nose structure vs.
Kp=2and 3. MLT, for different K, values.

In the morning sector, two trends appear for the lowestbound leg of the Cluster orbit and the typical energy range
energy nose: characteristic energy of the nose is found belowf the observed nose structure (i.e. 6.45keV in average), this
5keV for some events, whereas high energy is also foundeature seems to be related to the stationary nose structures
in that sector, above 15keV. This energy transition occursdescribed in previous papers (Shirai et al., 1997).
roughly in the same MLT sector that the one observed during The nose structure is also seen in the €pectrogram. In
quiet events (Fig. 7), but this transition seems to occur over @ddition, an inverted “V” structure is observed at higher lat-
wider MLT range, i.e. from MLF05:00 to MLT~09:00. itude and at low energies (up to 3keV, Fig. 1). This type of

We also note the lack of double nose structures in thef@ature has been reported previously (Maggiolo et al., 2006)
statistics for the 21:00 to 01:00 MLT sector. However, char-and was interpreted as the result of local acceleration of the
acteristic energies vary a lot from one event to the otherPlasmaissued from the polar cap.
reaching values from 5keV up to 22 keV.

5.2 21 November 2001
4.3 Characteristic energies of the lowest energy nose (for
each perigee pass), as a function of MLT dgl The 21 Novemt_>er 2001 event_prest_ants a more complex struc-
ture, characterized by some ion dispersed structures at low
Figure 9 shows the energy range of the nose as a function g#nergy together. with two simultan(_aous noses like structures
MLT and K ,. For events presenting a multi-nose structure, @t higher energies. The type of dispersion recorded at low
only the lowest energy nose has been considered. energy has already begn observeq previously, _and has been

Figure 9 reveals that, even if no linear relationship exists'éférred as a “wedge-like” dispersion type (Ebihara et al.,
between the nose energy and ftigindex, high energy nose 2001; Yamauchi et al., 2006). Ebihara et al. (2001) have
structures (i.e. above 15keV) are only observed during dis{nterpreted these sub-keV structures as the result of temporal
turbed periodsK ,>2). The variability of the nose energy is and spatial variations in the source region of ions.
particularly clear in the evening (MLT=20:00 to 00:00) and At higher energy, the two noses are separated by a gap
morning (MLT=06:00 to 11:00) sectors. which persists over a wide latitudinal range, its energy in-

creasing with decreasing latitude. To explain this gap ap-
pearance, let's consider the ion drift velocity. This latter can
5 Discussion about Cluster data be expressed as the sum of four terms:

5.1 22 February 2002 Va = ((Rx ) x B) x B)/B* + E x B/B*

+(W.B x VB)/qB>+ 2W,r. x B)/qR.B®>  (2)
The 22 February 2002 event presents a clear single nose
structure in the proton spectrogram at the Cluster locationwhere le%mv2 is the particle perpendicular kinetic en-
Considering that the plasma source is situated in the magergy,R the position of the particle? the angular velocity of
netotail, nose structures, if due to energy dispersion, are exthe Earth’s rotationR, the radius of curvature ang a unit
pected to be more difficult to observe in the midnight sec-vector outward from the center of curvature.
tor, where the time dispersion is shorter than for other MLT The two first terms represent the influence of the co-
sectors (Ejiri et al., 1980). Considering the relatively quiet rotational and the convection electric field respectively,
magnetospheric activity level for this event, as well as thewhereas the last two terms are characterizing the influence of
stationarity of the structure between the inbound and the outthe magnetic field gradient and curvature respectively. The
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terms due to the electric field are independent of the parti5.4 Statistics

cle charge and energy and lead to an eastward drift for both

the electron and the ion populations. The terms due to thd'he statistics made over more than 160 perigee passes of
magpnetic field configuration are charge dependent and caugeluster has revealed a clear dependence of the activity level
an eastward drift for electrons and a westward drift for ions.with the number of noses seen in the CODIF spectrograms,
Moreover, since these two terms are energy dependent, it cagingle nose being the most frequent feature during low activ-
easily be understood that for a limited energy range of ionsjty periods, whereas no nose is preferentially observed with
the two sets of terms (i.e. electric field and magnetic fieldincreasing activity levels.

influence) are in conflict and almost compensate each other, Ganushkina et al. (2000) have done a statistical study
causing a strong decrease of the drift velocity for this partic-based on 396 traversals of the inner magnetosphere by Po-
ular energy range. This will lead to the creation of a gap (orlar. Using the MICS experiment onboard Polar, they listed,
“stagnation dip”) at this energy. as a function of the geomagnetic activity (based onkhe
index), the number of intense nose events recorded by the in-

o ':‘tkzl\t/'ti?ﬂﬁz :Jnetle?rvt\)/aﬁegl,lct)hNesse 33?5 ?gﬁqia:ﬁ?hzer:\éfﬁ; 2strument. It appeared that nose structures are more frequent
P 9 ' 9 when K =3, the normalized occurrence decreasing linearly

and dayside sector (Buzulukova et al., 2003). Kovrazhkin etvvith decreasing,. Higher K, values being less frequent,

al. (1999) have studied the energy range of this gap as a fun(i'he trend becomes less clear afiey=3. The disagreement

:'r?n of the ML.T sectqr. Th(i[)r/]c(ijemonstrated that tpelenelrgty Ofbetween our results is mainly explained by the energy thresh-
| ethgap was |ncrea}{smtgr]1W| h ecrﬁasmgthmagne IC local M€, gitferences between both CODIF and MICS instruments:
irr:g beetTN(:arng:gSs:: doé kee\>/ fo?ﬁga~%\/;? cgriﬂ‘g,\sl?jn%?/pvssr:- while CODIF records particles with energy as low as a few
the one observed by CODIF during this event, eV, MICS lower threshold is about 10 keV. As a consequence,

most of the noses structures observed by CODIFKgr0
Using a drift loss model, Jordanova et al. (1999) calculatedand 1 (see Fig. 6) cannot be detected by MICS. On the
the proton spectra along the Polar orbit and demonstrated thaontrary, since the upper energy threshold of MICS reaches
the ion gap observed by Polar was also the consequence @00keV, a large portion of the intense nose structures are
the small azimuthal velocity of particles for a given energy not seen by CODIF, whose energy detection goes only up to
range. Their simulations revealed that at low latitude and40 keV. Moreover, since the nose appears generally at higher
at L=4.5, the energy of the gap was centereda6keV in energy with increasing activity level (see Fig. 9), the differ-
the post-noon sector, i.e. slightly above the energy range oénce between Cluster and the Polar data can be explained.
the one recorded by CODIF for the 21 November 2001 event Finally, Ganushkina et al. (2000) have added a selec-
(morning sector). This gap energy range evolution with re-tion criterion based on the flux values to determine intense
spect to the magnetic local time is consistent with the resultsiose structures. They only considered as nose the structures

of Kovrazhkin et al. (1999). presenting flux values above &.@cn? s srkeV)?, whereas
As a consequence, a possible reasons for the appearangepDIF reveals nose structures with smaller fluxes. As a con-

of this double nose on the CODIF spectrogram could be the?eduence, af‘d i We assume thqt Fhe absolute_ f_qu values in-
rease with increasing activity, it is not surprising that the

superposition of a single nose structure together with the gaﬁ

. . . L number of intense events increases with increagipgand
due to the large time of drift (with energy within the nose that the flux threshold defined by Ganushkina et al. (2001) is

energy range). This would lead to a split of the single nosemOre often reached during more active periods.
into two noses. .
Our Fig. 5 reveals the most frequent occurrence of double

nose structures in the post-midnight and morning sector, dur-
5.3 11 April 2002 ing low activity periods. However, if we assume that double

noses are often the consequence of a single nose split (i.e.

similar to the interpretations by Buzulukova et al., 2003),
The 11 April 2002 event presents 2 noses during the inboundhis kind of distribution can be easily understood. Neverthe-
and 3 noses during the outbound part of the orbit. Thisless, the split nose structure can only take place under some
structure asymmetry is probably a direct consequence of thepecific conditions, i.e. when the gap resulting from the en-
orbit asymmetry with respect to the tilted magnetic dipole hanced time of residence has enough time to form and where
rather than the consequence of a substorm injection, sincé can be formed. According to Buzulukova et al. (2003),
no activity is recorded during this time interval. Because of this corresponds to the pre-morning and dayside sector of
this asymmetry, we cannot be certain whether the third nos¢he magnetosphere. However, theses structures are also seen
structure exists on the inbound section of the orbit, due to thén the evening sector by CODIF, where they cannot be ex-
upper energy limit of the CODIF instrument and the broad plained by the split nose theory, since the spacecraft location
resolution of the lowest RAPID channel, which is not ade- is too close to the source region to allow the creation of such
quate to detect such narrow structures. gaps in that sector. Several interpretations could explain the
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presence of double nose in that sector. First, variations in thenodel for quiet events could be the azimuthal location of
azimuthal location of the source: the drift path of particlesthe source. If the source location is azimuthally shifted,
from the source to the evening sector would be longer, leadthe MLT location of the gap for a given energy should also
ing to the creation of a gap, and hence split nose in that sedbe shifted (in the simplest case of stationary magnetosphere
tor. They could also be due to a change of the global electricconditions). If the source is situated in the morning sector
field, affecting the nose energy, and leading to the appearrather than near midnight, the gap created by the longer time
ance of a nose at different energy, coexisting locally with thedrift should appear at different MLT.

one previous to the change (Ebihara et al., 2004). Finally, a Other studies have also successfully demonstrated the
modification of the ionospheric conductivity could also lead presence of particle source in the morning sector. Studying
to a new distribution of the current closure, thus affecting thethe wedge-like dispersion structures by CODIF, Yamauchi et
resulting electric field (Fok et al., 2001). This can lead to al. (2006) demonstrated that the wedge-like structures pre-
twisted paths of particles (Fok et al., 2003), and thus to thesenting a large energy range (up to 10 keV) are formed in the
appearance of split nose structures in that sector. morning sector (07:00-08:00 MLT).

It is also worth noting that single nose structures can ap- Milillo et al. (2001), using AMPTE/CCE/CHEM data, de-
pear in the morning sector without being necessarily accomveloped an empirical model describing the average perpen-
panied by this type of gap, since this latter has a formationdicular proton population fluxes in the equatorial inner mag-
time of ~15h (Kovrazhkin et al., 1999). Thus, the creation netosphere. This flux has been described by a multi paramet-
of such a gap should require quiet conditions for at least 15 hric function. One parameter, namely COAg2lescribes the

Figures 6, 7 and 8 point out the clear dependence of thdasic ion flux at intermediate energy (from 5 to 60 keV) dur-
nose energy range with respect to the MLT sector crossed bing quiet magnetospheric activity (AELO0 nT). COAGZ2 is
Cluster during low activity periods (Fig. 7): there is a gen- energy and MLT dependent. Its dependence with respect to
eral decrease of the nose energy with respect to MLT, startMLT follows (see Fig. 9 of the Milillo et al. (2001) paper):
ing from about MLT=10:00, counterclockwise. If we assume
that all double nose structures are the consequence of a spﬁiOAGZB = —(0.0318+ 0.0008 x h + (3.66+ 0.02)
nose effect, the energy recorded by CODIF for the lowestyip, h=MLT —24n, n=0.1.

nose will not necessarily represent the mean energy of the s rejation is very similar to the relation (1b) we present
stationary nose. As a consequence, and since we note a lagk gact. 4.2, COAGZ following the same trend as the
of double nose structures in the afternoon sector (i.e. righjog(ENOSE) recorded by CODIF. Both relations reveal the ex-
after the transition), a possible explanation for this pre-noongiance of a discontinuity of the nose energy in the dayside
discontinuity could be the appearance in that sector of the gaRector. This discontinuity at noon was explained by Milillo

due to the long time of drift (Buzulukova et al., 2003). This ¢ 5 (2003) as the consequence of a gap created in that sec-
could artificially create a lower energy nose in the MOMINg oy within the energy range of the considered population
sector.. ) . . ) (5-60keV). However, using AMPTE/CCE data, Milillo et
Paruclq trajectories S|mulat|_ons have_been performed by, (2001) positioned the discontinuity around MLT=12:00,
Kovrazkhin et al. (1999) for different latitudes. They have \yhereas Cluster observed it around MLT=10:00. A possible
shown that for a given latitude, the energy Ef the 98P explanation of this azimuthal shift between the two datasets
is decreasing with increasing MLT (from MLT=04:00 t0 .44 pe the different Sun activity level during these two pe-
MLT=20:00) as a result of the longer eastward transport of j,4s. \Whereas AMPTE/CCE data were recorded close to

low energy particles. They also showed that with decreasy g4y minimum, the Cluster data were recorded close to Solar

ing latitude, the energy of the gap was ingreasing for a givenyayimum. As a consequence, the modification of the solar
MLT and the gap was present over a wider range of MLT, activity could lead to a global change of the convection elec-

as the result of the comparatively larger eastward orienteyi fig|d in the inner Magnetosphere and therefore affect the
ExB drift. The CODIF data do not agree with this study a2imythal position of the structure formed by the ions.

(at least for quiet events), since the gap energy recorded by o, Fig. 9 shows that high energy noses are usually ob-
CODIF is regularly decreasing from the pre-noon rather thanseryeq only during disturbed periods. However, there is a

from the post-midnight sector. The afternoon and eveningack of clear correlation betweeki, index and nose energy.
sectors are anyway consistent with the simulations presenteg

! ) ""“Yo explain this, we should notice that all events (i.e. events
by Kovrazhkin et al. (1999), and the overall higher energiesyosenting single, double and triple noses) have been consid-
of the gaps observed by CODIF for a given MLT could be

) ) ered here. As a consequence, no distinction has been made
the consequence of the lower latitude of observations. HOWpenyeen single and split nose structures. Moreover, changing
ever, simulations made by Kovrazhkin et al. fit pretty well w0 ocation of the particle source can affect the nose energy:
with the more disturbed events observations made by CODIR¢ ihe source is moving, the nose energy can change from one
where the nose energy starts to decrease fromMI00,  oyen to the other without necessarily having a differpt

as calculated by the authors. One explanation to this discrep;5 e

ancy between CIS observations and Kovrazhkin et al. (1999)
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Following these results, some questions emerge: In the model, we assume an empty magnetosphere before
) ) _ - the patrticle injection, since we wish to study the structure(s)
— How can we explain the different azimuthal position of oquced by injected particles from the plasma sheet under
the sharp nose energy range transition (from the nooryiyen electric and magnetic fields. The particles drift velocity
sector to the morning sector) with increasing activity? g computed as a combination of the velocity due tofiheB
drift and the bounce-averaged velocity due to magnetic drifts.
he distribution function at the next time step is obtained as-
suming conservation of the distribution function along the
dynamic trajectory of particles (Liouville theorem), but tak-

— How is the shape and energy of the nose affected byng into account the losses caused by charge-exchange. The
changes in the electric field, the magnetic field and thecharge-exchange cross-section is obtained from (Janev and
particle source distribution? Smith, 1993) and the number density of neutrals from the

thermospheric model MSISE 90 (Hedin, 1991). The time of
tracing has been set up to 17 h.
6 Simulations The electric field used in our simulations iskg, depen-
) ] ] . ] dent large-scale Volland-Stern electric field model (Volland,
To investigate some of these issues, we simulate particle tra;973; Stern, 1975).
jectories in the inner magnetosphere using large scale mag- The \plland Stern (Volland, 1973; Stern, 1975) electric
netic and elect_nc field models. Our goalis to reproduc_e SOM§ie|d potentialdcony is given by:
of the most salient nose features observed by CODIF, in order
to better understand their formation process and from theifpcon, = ALY Sin(¢ — ¢o)
shape, to deduce more about the large scale electric field and
the particle source location and evolution. Our model is awherey is the shielding factog the magnetic local time and
forward particle trajectory tracing. Protons with 90-60 deg o is the offset angle from the dawn-dusk meridian. Ror
pitch angles are traced under the conservation of the first an#hich determines the convection electric field intensity, we
second adiabatic invariants in time-dependent magnetic antise ak ,-dependent function defined by Maynard and Chen

— What process is responsible for the appearance of do
ble and triple noses, especially in the evening sector an
during quiet times?

electric fields (Ganushkina et al., 2005). (1975):
The particle source distribution have been defined either 0.045
as a Maxwellian distribution function (situated at RRS, A . kV/R%

= 1_ 2)3
with an MLT location between 05:00 and 19:00 MLT in (1 - 0159, +0'0093KP)

the equatorial plane) or as a Kappa-like distribution function
(R=7Rg, 05:00-19:00 MLT in the equatorial plane). The
Kappa-distribution is defined as (Christon et al., 1989):

wherey=2 andgo=0. TheK, values used in the model were
the observed ones.

Together with this electric field model, a TSY89 (Tsyga-
'k +1) E g nenko, 1989) magnetic field model was used.
Tk — 1/ )( k_Eo) In our approach, we used the Volland Stern model as de-

2 fined in the equatorial plane, in which we performed our 2-D

Heren is the particle number density, is the particle mass, particle trajectory simulations. We then projected the cal-
EoszT(1—3/2k) is the particle energy at the peak of the culated fluxes along the Cluster trajectory, off the equatorial
distribution, kz=1.380710"23J/K is the Boltzmann con- plane (for the same L-shell and MLT), assuming flux conser-

J(E) =n(

m )3/2
2nkEg

stant, T=1/3(F,+2T,), I" is the Gamma function: vation. To get even more reliable data, we limited the sim-
ulated particle fluxes to the corresponding equatorial pitch

k) = (k — 1! angle range of particles observed by CODIF at high lati-
tudes. Since the instrument measures particles with pitch an-

with k=5 in our calculations. gles centered mostly around<8ll along the pass, we need

The number density n and perpendicular and parallel temtg calculate the corresponding equatorial pitch anglg of
perature estimates were obtained using data from the MPAhe particles presenting a 9pitch angle at higher latitudes.
instrument (Bame et al., 1993) onboard the Los Alamosn the case of the 22 February 2002 perigee passes we get
(LANL) geostationary satellites measuring ions in the energyy, .. .=3¢r.
range 0.1-40keV. The number density and perpendicular and These simulated fluxes were then directly compared to the
parallel temperatures were then deduced from measuremenfg;xes measured by Cluster.
obtained within 4 h of local time around midnight. Values
were averaged when more than one spacecraft were simult@.1  Single nose: 22 February 2002 (15:00-17:00 UT)
neously in the same region. When no satellite was in the mid-
night sector, the data were interpolated linearly. These value#ds described in Sect. 3.1, a single nose was recorded by
were then used as time-dependent boundary conditions.  CODIF the 22 February 2002, with a characteristic energy at
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22 February 2002
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Fig. 10. Real and simulated spectra (17 h of tracing, same flux scale for each panel) for the 22 February 2002 using different parameters
models:(a) Observed spectrogram by CODIF/S@H#) Simulations under a Volland-Stern electric field and TSY89 magnetic field model,

both K, dependents, LANL MPA data as source inputs and assuming a Kappa-like distrigajiSame as (b) but assuming a Maxwellian
distribution function. The color scale has been defined to be the same in all three panels.

perigee of about 6.5 keV. Simulation results for the 22 Febru{panel b) allows a better fit of the CODIF data, quantitatively
ary 2002 event have been presented in Fig. 10. as well as qualitatively. Panel (c) (using a Maxwellian like

From top to bottom, the figure presents thé Bpectro-  distribution function) reveals nose flux values more than one
gram as recorded by CODIF (panel a), the results of the simorder of magnitude lower than panel (b).
ulation using LANL data as input and a Kappa-like source However, even if the LANL/MPA data allows a better esti-
distribution function under a Volland-Stern electric field and mate of the source parameters, no local time dependence can
a TSY89 magnetic field, botlX, dependent (panel b). be deduced concerning the source distribution.

Panel (c) shows the same simulation conditions but using a
Maxwell-like distribution function. All three panels are plot- Lack of low energy particles and the sharp flux transition
ted using the same flux scale to allow direct comparisons.

Looking at the simulation results, it appears that noseAt very low energies (up te~150eV for protons), Cluster
structure can be formed under a global large scale electriclata reveal the presence of a large flux of particles. How-
field. However, a large part of the particles recorded byever, the low energy particles penetration to low L-shells, as
CODIF does not appear on the simulated spectra. Morewell as the sharp flux transition observed by CODIF at 15:39
over, the simulated nose energy range is slightly above th¢inbound) and at 16:21 (outbound) do not appear on the sim-
observed one and its energy width is much wider. By com-ulated spectrograms.
paring panel (b) and (c) of Fig. 10, it seems that, when using
a Volland-Stern electric field model, the distribution function 6.2  Split nose: 21 November 2001 (21:00-23:00 UT)
of the source plays a crucial role in the features observed at
the Cluster location. Figure 11 presents the same simulation results than Fig. 10

The two simulations show very different flux values. Us- but for the 21 November 2001 event. The double nose (or
ing a Kappa like distribution function in the simulations “split nose”) can be reproduced by using a large scale electric
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21 November 2001
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Fig. 11. Same as Fig. 10 but for the 21 November 2001 event.

field model. Panel (b) does not show the high energy nosénfluence of the model

only because of the flux scale used in the plot. By using a

different scale, the high energy peak appears on the spectrdy examining Fig. 12, it appears clearly that none of the
gram, even if very low in flux (not shown). The lowest en- simulations is able to reproduce the multi nose structure ob-
ergy nose appears clearly, presenting comparable flux valueserved by CODIF. As a consequence, we can conclude that
(panel b). The maxwellian distribution function of the source this kind of structure is not a direct consequence of a change
shows a higher flux for the high energy nose (panel c), even ifn the large scale electric field.

fluxes are at least 1.5 orders of magnitude lower than the ob-

served ones. The gap is presentdi keV, i.e. comparable

to the one recorded by CODIF. 7 Discussion about the simulations

The low energy part of the spectra (i.e. below 300eV) is7.1 22 February 2002 event

not reproduced by the simulations. However, our simula-

tions show that the high energy particles observed by CODIFThe nose structure reproduced by the model for the 22 Febru-
(from ~10 to ~40keV) as well as medium energy particles ary 2002 event is consistent with the theory of the stationary
(below 10keV) can be issued from a single injection (andnose structure formation (Shirai et al., 1997). However, com-
aren’t necessarily a trapped population issued from a previparison with Cluster data reveals that the simulated nose en-
ous injection). ergy range is slightly above the observed one and its energy
width is much wider. Moreover, the poleward edge of the
nose is much sharper than the simulated one, especially for
6.3 Multi- nose: 11 April 2002 (04:00-07:00 UT) the lower energy boundary of the structure.

7.2 Influence of the source parameters

Results of the simulations for the 11 April 2002 multi-nose To understand the influence of the source distribution on
event are presented in Fig. 12. the nose energy range and width, we replace the LANL
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11 April 2002

T04:30 05:00 05:30 06:00 06:30

(b)

£, keV

04:30 05:00 05:30 06:00 06:30
uT

£, keV

04:30 05:00 05:30 06:00 06:30
uT
Lo O 6.1 4.8 4.5 5.1 71
llat[] 66.1 62.9 61.8 63.6 68

Fig. 12. Same as Fig. 10 but for the 11 April 2002 event.

parameters by using constant source parameters (temperatureossing at 15:39 UT (Fig. 13), almost simultaneously with
and density). By studying the influence of a change in one othe sharp transition seen in the SC4 proton spectrogram at the
the source parameters (i.e. density, temperature, distributioplasma sheet energies. We can thus conclude that this abrupt
function...), we are able to conclude that increasing the denenergetic particle flux decrease could be the consequence of
sity of the source results in a flux increase and increasing th€oulomb collision processes (Jordanova et al., 1996), which
averaged temperature of the source results in a flux decreaseas not considered in our model. Jordanova et al. (1996)
at the nose location. As a consequence, changes in the sourshowed that this loss process is important for low energy

parameters could affect the nose energy. particles (below 10keV) and can lead to particle diffusion,
together with a subsequent buildup of the low energy elec-
7.3 Role of the plasmasphere tron population. This process can lead to an “erosion” of

the nose structure, narrowing its energy range. Since this
To better understand the disagreement between CODIF ol2r0Cess was not considered in our model, the larger than ob-
servations and simulations in the lower energy part of theS€rved nose energy range can, at least partially, be explained.
spectrogram, we should consider the role of the plasmas] € outbound plasmapause boundary layer crossing does not
phere. During this event, CODIF onboard SC1 and SC3 ar&*actly match with the sharp transition observed on space-
running in RPA mode. The RPA mode (“Retarding Poten- craf_t 4. However, since this boundary is n_ot as clear as for
tial Analyzer”) allows more accurate measurements in thetN€ inbound (several steps are observed within a short time),
about 0.7 to 25 eV/q energy range (Dandouras et al., 2005)|_t becomes difficult to compare spacecraft 3 RPA data with
As a consequence, CODIF SC1 and SC3 can detect thesPacecraft 4 normal mode data. It has to be noted that a non-

mal plasma and the exact timing of the plasmapause bound{niform local time distribution function could also affect the
ary layer crossing by Cluster. Since during this event the"0S€ energy observed by CODIF and explain partially why

inter-spacecraft separation did not exceed 250 km, we cagimulated nose does not present the same exact energy than
assume, as a first approach, that the plasmapause bounddRf observed one.

layer crossing occurs at almost the same time for the four

spacecraft. SC3 shows a clear plasmapause boundary layer
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CIS—-CODIF SC 3 RPA mode 22/Feb/2002

E (ev)

15:15 15:30 15:45 16:00 16:15 16:30 16:45
XGSE -3.98 —-4.22 -4.33 -4.30 -4.12
YGSE -1.25 -0.93 -0.56 -0.18 0.21
ZGSE -1.82 -0.93 0.04 0.96 1.90
DIST 4.55 4.42 4,37 4.41 4,55
o g
5 63
5.6
LR e Y g : 4.9
' e : 42
L 36
I 29
: i i ; 22
15:15 15:30 15:45 16:00 16:15 16:30 16:45
XGSE -3.98 —-4.22 -4.33 -4.29 -4.11
YGSE -1.25 -0.92 -0.55 -0.17 0.22
ZGSE -1.80 -0.91 0.06 0.99 1.92
DIST 4.54 4.41 4.36 4.41 4.54

Fig. 13. SC3 and SC 4 CIS/CODIF proton spectrograms in flux units for the 22 February 2002 event. SC 3 and SC 4 GSE coordinates are
indicated below each spectrogram. CODIF SC 3 is running in RPA mode (detection of particles with energyB30@Y) whereas CODIF
SC 4 is running in normal mode (detection of particles with energy frdth eV up to~40 keV).

7.4 Double nose structure creation during the 21 Novembe7.5 Physical processes responsible for the creation of
2001 event multi-nose structures: 11 April 2002 case

Even if the split nose can be roughly reproduced by using a]_

global large scale electric field, some discrepancies with theezte eiltg:u'atr:%rs]ec?gglg/(\)/nlsoifvi b(':\}/;r(]) i:‘etrr)]filiﬁilgt]iir:or\g:
data still remain: on the one hand, a large part of the low en- ay L ' .

L . sults seems to position the nose equatorial edge at lower L-
ergy population is missing. The reason responsible for such

. , . . shell than observed, leading to a wider energy range of the
lack of particles is mainly due to the assumption of an empt ' )
part ! ity au umpti P ynose along the spacecraft orbit track. Based on Explorer 45

magnetosphere at the beginning of the simulation. Moreover. . . .
9 P 9 9 ata, which revealed that the observed nose location was situ-

r model considers the plasma sh he onl rticl . .
our model considers t € plasma sheet as t e only partic ated at higher L-shell than expected by calculations, Cowley
source. However, the ionosphere can be an important sourc . o
_&976) argues that the strong pitch angle diffusion processes

of particles in the inner Magnetosphere (Daglis et al., 1999; ccurring in that region might limit the inward penetration

Bouhram et al,, 2004), and acceleration mechanisms can a(tg))tf articles. Since this loss process hasn't been considered
on the ionospheric ions to raise the particles frotheV to P ' P

tens of keV. Since the ionosphere hasn’t been considered il our model, this could explain why under a Volland Stern

L ., electric field model, the calculated nose location appears to
the model, it is expected that part of the observed particle . .
. . e situated automatically at smaller L-shells than the obser-
with energy below tens of keV will not be present on the

simulation results. The existence of field aligned (resp. amivatlons.

field aligned) particle populations (Hand O") at low ener-
gies (below 200 eV) in the ring current region has been alsdl. Low energy population
studied by Vallat et al. (2004). This upwelling population is

issued from the ionosphere and observed inside the ring cury portion of the low energy population recorded by CODIF

rent region. The large amount of field aligned particles in (below 1 keV) can be reproduced by using the Volland-Stern

that region points out the importance of the ionosphere as @jectric field model, even if the scale used in Fig. 12 does not
source of low energy particles at the Cluster perigee locationgow to see it clearly (except partially in panel b).
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2. Multi-nose not reproduced by the model cific energy. However, the Cluster in-situ data do not reveal
any wave activity (O. Santolik, private communication).

Multi ion bands have already been recorded in the past. Mea- !t has to be noted that, since the electric field depends on
surements from CAMMICE/MICS and TIMAS on the Polar the closure of the partial ring current through the ionosphere,
satellite have shown multiple discrete energy peaks in thé? change in the ionospheric conductivity can modify the elec-
ion energy spectra, over a large range of L-shells (from gtric field pattern and thus drive to a twisted drift path of the
to 8) and energy (a few keV up to hundreds of keV). Li et particle in the ring current region (Fok et al., 2003). Consid-
al. (2000) have interpreted these features as the result of gring that our simulations do not use a self consistent electric
time-of-flight effect of the particle’s drift around the Earth, field model (i.e. where the electric field created by the clo-
i.e. ion drift echoes which can be injected from the plas-Sure of the partial ring current through the ionosphere is taken
masheet by a single propagating time-varying field associ{Nt0 account), we can conclude that triple nose structures are
ated with substorm dipolarization. Li et al. (2000) have beenMost probably due to the electric field configuration and to
able to reproduce the shape of these bands by introducin,!iS temporal changes with respect to the ring current closure.
in their model an electromagnetic pulse emitted by the sub? urther_study.checklng the validity of this assumption should
storm associated dipolarization. However, this interpretatiorP® Published in the future.

is unlikely to explain the bands observed by CODIF on the
11 April 2002, since no dipolarization signature is observed
during the 8 h prior to the event (AE index very low).

Using a realistic electric and magnetic field model (with In this paper we present a study of the narrow energy struc-
solar wind data as input), Ebihara et al. (2004) simulated theures observed in the ion spectrograms at medium energies
same event as Li et al. (2000). They were thus able to con{between 5 and 30 keV) by Cluster/CODIF ak 4, and their
clude that these bands were most likely to be produced bynain characteristics were deduced from a statistical study
two combined process, i.e. a change in the large scale cond63 perigee passes of Cluster). Forward particle trajectory
vection electric field (for particles with energy3keV) and  modeling has then been performed to understand the main
change(s) in the distribution function (e.g. decrease in theprocesse(s) involved in the formation of those structures.
number density) in the near Earth magnetotail 3 keV We can summarize the main results of this paper within
protons). According to Ebihara et al. (2004), a change inthe several points below:
the electric field leads to the drift of the stagnation point (i.e. ] ) .
where the sum of the ion drift velocities is zero), and a satel- — 1he detailed analysis of CODIF spectrograms during
lite placed on the closed orbit will detect the gap periodically. ~ Cluster perigee pass revealed that several different types
This theory is able to explain the substructures observed dur- ~ Of structures are observed ak4 by CODIF.
ing the 21 November 2001 event, for which substructures are
the result of large scale electric field changes. However, us-
ing a realistic large scale electric field model, our simulations
couldn’t reproduce the bands observed by CODIF during the

8 Conclusions

— Stationary nose structures are formed by particles
issued from the plasmasheet and are the result of
particle drift under a global large scale electric field.

11 April 2002 event. As a consequence, the interpretation — Some gaps can be created within the nose energy
made by Ebihara et al. (2004) is unlikely to explain CODIF range as the result of the antagonistic electric and
structures in that case. Moreover, using real LANL/MPA magnetic field actions, which can drastically reduce
data as input in our model, no change in the source distribu- the particle drift velocity at this particular energy
tion function was able to explain the creation of low energy range. This leads to the creation of double (or rather
structures. split) nose features.

Sheldon et al. (1998) also recorded multi-nose structures — Multi-nose structures (i.e. more than 2) are also ob-
on the CEPPAD/IPS data, and they interpreted these bands as served occasionally by CODIF.

the superposition of a nose structure~&0 keV and a field Th lati tina th fruct . df dif
aligned beam at-40 keV, which would be issued from the € popurations creating tnese structures are 1ssued from dit-

ionosphere and driven to the magnetosphere under the para];E :elg\:vrzgfrns tg?tilagzsfﬁse;\,zgget?ﬁzaéj;é?pg:ita;':gggce
lel electric field created by the nose ions. However, all bands gy p perig

recorded by CODIF during the 11 April 2002 event present at|on. The plasmasphere population seems to play a role in

pitch angle distribution centered on“9Mot consistent with
the interpretation of Sheldon et al. (1998) of a field aligned _ The statistical study based on more than 160 perigee
population issued from the ionosphere. passes of Cluster (more than one year of data) pointed

The three bands observed during the outbound part of the  out the relative distribution of each type of feature as
orbit could also be the consequence of resonant interactions  a function of the spacecraft position and the magnetic
with local waves, leading to the appearance of gaps at spe-  activity level:

scattering particles with energies belevit0 keV.
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— Single stationary nose structures (stable between — However, multi-nose structures (i.e. more than two)
the inbound and the outbound part of the Cluster cannot be reproduced by using a simple large scale
orbit) are the predominant feature observed B4 electric field. A self consistent electric field model
(within the energy range-0 to 40 keV) during low should be considered in the future to better under-
activity periods, except in the morning sector where stand the electric field pattern in that region.

“split nose” (as the consequence of a third gap cre-

ation) becomes the most frequent feature. Future particle drift trajectory simulations will have to con-

) sider additional particle sources (ionosphere) as well as ad-
Double noses are also observed unexpectedly in thejitional loss process (Coulomb interactions) to better repro-
evening sector, and the most probable reason(s) fogyce the low energy part of the CODIF spectrograms. The
their presence in this MLT sector is a post-midnight ¢omputations will also have to consider a self consistent elec-
location of the source and/or a change in the electricyic field model to provide a more precise electric field pattern
field leading to a twisting drift path of particles. i this region in order to reproduce the multi-nose structures
The energy range of the first nose (lowest en-observed by Cluster.

ergy one) is decreasmg linearly froml5keV to AcknowledgementsThe K , index was provided by the World data
~1keV, cogn?erclockmse, from the pre-noon MLT center for Geomagnetism, Kyoto. The authors are indebted to
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