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Abstract. When flux enhancements of energetic electronsfluxes. We intend to break with classical model approaches
are produced as a consequence of geomagnetic storm occuand go beyond the existing static radiation models by intro-
rence, they tend to vanish gradually when the magnetic acducing dynamic features based on observations of transient
tivity calms down and the fluxes decay to quiet-time levels.flux events. This approach is expected to facilitate the in-
We use SAC-C and DEMETER low altitude observations to vestigation of the physical mechanisms involved in the flux
estimate the energetic electron lifetimgs=0.16-1.4 MeV, variations in the magnetosphere.

L=1.6-5, B=0.22-0.46 G) and compare the decay rates to
those observed at high altitude. While crossing the radia
tion belts at high latitude, the SAC-C and DEMETER in-
struments sample particles with small equatorial pitch angle
(cteq < 18° for L > 2.5) whereas the comparison is done with
other satellite data measured mainly in the equatorial plan
(for aeq> 75°). While in the inner belt and in the slot region
no significant lifetime differences are observed from the dat

Quantifying the physical source and loss processes (Mc Il-
‘wain, 1996; Friedel et al., 2002) controlling the electron dy-
namics in the radiation belts is the prerequisite for the devel-
%pment of a complete dynamic radiation belt model. While
the quantitative determination of the source process (Obara
%t al., 2000; Meredith et al., 2002; O’'Brien et al., 2003;
Green and Kivelson, 2004; Onsager et al., 2004; Kataoka
%nd Miyoshi, 2006; Hudson et al., 2008) parameters is out-

se‘i_s W'lth fllﬁerer;tégqi( |r\1/thteh oﬁe:_ belt, for thetle???t €NeT" side the scope of this paper, a detailed description of the de-
getic electrons{ eV), the lifetimes are up to3 times duced parameter that will characterize the loss process in the

larger for the electrons with the equatorial pitch-angle Closemodel (i.e. the electron lifetime) will be given here. In fact,

to the loss cone than for those mirroring near the equator. Th easurements of the lifetimes of energetic electrons are often

d|ﬁergnce decreases with increasing energy and vanishes f(?:ronsidered to be the key to the understanding of the transport
energies of about 1 MeV.

of these particles; for instance, they constitute key parame-
Keywords. Magnetospheric physics (Energetic particles, ters in the determination of pitch angle diffusion rates (West
precipitating; Energetic particles, trapped) etal., 1981).

Although the problem of particle loss by pitch angle diffu-
sion driven by wave-particle interaction has been tackled up
1 Introduction in the past (Lyons et al., 1972), intense interest currently still

exists (Millan and Thorne, 2007) in quantification of these
Statistical space radiation models based on averages of dipsses of energetic electrons in the radiation belts (Abel and
measured values include variances that result from stormThorne, 1998a, b; Glauert and Horne, 2005; Shprits et al.,
time transients. Such models fade away the characteris2006; Summers et al., 2007a, b; Meredith et al., 2007, 2009,
tics of physical processes that drive the dynamic of particleand references therein). Nevertheless, most of these stud-
ies are based either on low altitude data acquired with lim-
ited energy resolution or on high altitude data. Our scope
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to benchmark the theories under investigation. For this lattetrons (£ > 130 keV) and protonsH > 2.5 MeV) to the diode
purpose, we revisit the determination of the L-shell depen-with a field of view angle of about42° (Bourdarie et al.,
dence of electron timescales as a function of energy and pos2006). Nevertheless, through electronic threshold settings,
tion, and note a pitch-angle dependence of the observed lifeenly fluxes of E > 190keV electrons and > 3 MeV pro-
times while comparing measurements from polar LEO (Lowtons can be measured. With the “E” head, oAly 1.2 MeV
Earth Orbit), GTO (Geostationary Transfer Orbit) and HEO electrons can be registered contamination free (Ecoffet et al.,
(Highly Elliptical Orbit) orbit. 2005). The second unit (the “P” detection head) is made of
The present study of electron lifetimes is based on sateltwo Sijunction detectors (150 pm and 6000 um thick), placed
lite observations from SAC-C and DEMETER (Sect. 2). Thein a 5mm thick cylindrical aluminum shielding (Outer di-
decay timescales are deduced from a large flux data set colameter 25.5 mm) protected by 500 um thick aluminum win-
ering more than five years of data, by applying a fit proce-dows (15.5mm in diameter) on the front and rear side of
dure to the decaying fluxes after high geomagnetic activitythe cylinder. Its main function is to measure proton spec-
(Sect. 3). The results confirm a general trend in L- and E- detra but also higher energy electron fluxes. The third unit
pendence that has formerly been observed and qualitatively’l” detection head) is dedicated to ion detection. The omni-
evaluated (Sect. 4) but where the absolute scale is still talirectional differential electron fluxes (retrieved frdmitp:
be theoretically reproduced. The comparison of the decay/www-mip.onera.fr/rermm/SACGhre given within the en-
rates of electrons observed at low altitude with the precipi-ergy range 0.2—4.11 MeV. The electron fluxes used within
tation rates at the equatorial plane (Sect. 5), can give insighthis study range from 0.23 to 1.36 MeV (10 energy bins
in the loss processes of high energetic electrons, dominatedf variable size: 0.23-0.29, 0.29-0.35, 0.33-0.39, 0.35—
by wave-particle interaction for a large portion of the radi- 0.45, 0.45-0.51, 0.53-0.59, 0.59-0.65, 0.64-0.76, 0.76-
ation belts £=1.6-5). Doing so, it is noticed that the aver- 0.88, 1.08-1.36 MeV) and are registered during the time pe-
age decay timescales at LEO significantly differ from thoseriod December 2000 to September 2006.
at the equatorial plane in the outer belt when the energy is The DEMETER (Detection of Electro-Magnetic Emis-
below 500 keV. Discussion of possible explanations for thissions Transmitted from Earthquake Regions) satellite was
phenomenon is given in Sect. 6. launched on 29 June 2004 into a circular polar sun-
synchronous orbit at an altitude of 710 km with an inclination
of 98 (Parrot, 2006http://demeter.cnrs-orleans)frThe or-
2 Instrumentation bital period is~1 h 40. The scientific payload is switched off
over the poles and higher latitude auroral regions.
The SAC-C (Satlite de Aplicaciones Cientifico-C) interna-  The particle data used in this study are provided by the In-
tional satellite was launched on 21 November 2000 into astrument for Particle Detection (IDP) devoted to the measure-
sunsynchronous circular LEO orbit (700 km altitude, 98.2 ment of electron fluxes along the DEMETER orbit. The in-
inclination, period 1 h40). Its primary mission is to provide strument (Sauvaud et al., 2006) consists of a 1 mm thick sili-
multispectral imaging of terrestrial and coastal environments con detector behind a collimator that defines the field of view
Moreover, the spacecraft probes the structure and dynamef +16°. The optic has also an aluminum foil with a thick-
ics of the Earth’'s atmosphere, ionosphere and geomagnetigess of 6 um to avoid parasitic light and to stop protons with
field. To measure the particle environment and its effects orenergies lower than-500 keV. The detector looks perpen-
electronics, it is equipped with the CNES (Centre Nationaldicularly to the orbital plane of the satellite so that the pitch
d’Etudes Spatiales, France) SPICA-ICARE (Spectre de Parangle of the detected particles is close t6.96lux measure-
ticules et Influence sur les Composants Aws)dnstrument.  ment is achieved by counting particles that deposit energy
The expected life time of SAC-C was two years, but it is still in the 70-2340 keV range in the detector. The instrument
transmitting data. has been fully characterized in-beam and by a GEANT-based
ICARE (Influence of Space Radiation on Advanced Com-Monte Carlo simulation. It was found to efficiently detect
ponents) is composed of a set of three radiation detectorslectrons in the 70 keV te-1.2 MeV energy range with lim-
associated with a component test board (Fatguet al., ited contamination from protons. To achieve differential flux
2002). It performs two types of measurements: the radi-measurement, this 70-2340keV energy interval is divided
ation environment characterization and its effects on com-into 256 channels when operating in the so-called “BURST
ponents. The radiation detectors are made of fully depleteanode”. In “SURVEY mode”, the IDP data are stored in 128
solid state detectors used in single and/or coincident and/ochannels. For convenience, we grouped the energy channels
anti-coincident mode. These three units of the ICARE in-in order to consistently work with 27 channels independent
strument provide electron, proton and ion (He) fluxes in aof the operating mode. Each new channel covers an energy
wide range of energies. The first one (the “E” detectionrange of about 90 keV. Spectra are given with a time reso-
head) is made of a 500 um Si diode placed in a 5 mm thickiution of 1 or 4 s depending on the operational mode (Burst
cylindrical aluminum shield. A window of aluminum (50 um or Survey). Also, it must be mentioned that the 14 first chan-
thick, 3 mm in diameter) gives free access to low energy elecnels out of the 27 show an efficiency to electrons high enough
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to allow electron detection, the following channels may be acorrelation coefficient better than 0.94. The time span over
mixture of electrons and protons and the last channels deteathich a decay time constant is deduced may therefore vary.
more or less exclusively protons. Within this study the elec-To use just good quality data and avoid regions of big data
tron energy channels used, range from 162 keV to 1.15 MeMWispersion, the fitting curve must all the time be within 25%
(11 channels of about 90 keV: 0.16-0.26, 0.25-0.34, 0.34-of the data. However, the fitting technique breaks down when
0.43, 0.43-0.52, 0.52-0.61, 0.61-0.70, 0.70-0.79, 0.79- is lower than 2.6. For these cases, the limit ifstandard
0.88, 0.88-0.97,0.97-1.06, 1.06-1.15 MeV) and the covere®.94) and the number of minimum points (standard 12) was
time period goes from August 2004 to March 2006. adapted so as to obtain reasonable good fits. For data with
Due to their low earth orbits, the satellites sweep throughL < 2.4, a 2 days time resolution was used, as the lifetimes
the radiation belts only at high latitude or in the South At- start to increase significantly when entering the inner belt.
lantic anomaly (SAA). The Mcllwaing, L) coordinate sys- The SAC-C/ICARE differential electron fluxes of 0.23—
tem is used to represent the data. A local version of theD.29 MeV electrons at=2.1, 2.9 and 4.1 (center value of the
UNILIB library (www.oma.be/NEEDLE/unilib.phpis used  bin, AL=0.2) and the Dst index are plotted as a function of
to calculate the positions in the (B,L) coordinate system fromtime from 1 March 2001 to 1 November 2001 in Fig. 1. The
the geographic positions given by the satellite data providerrestriction in the magnetic field range=0.22-0.46 G has
The field strengtB is calculated using internal and external been imposed to avoid data from the South Atlantic Anomaly
field models: The internal magnetic field component is cal-in the heart of which the instrument may be affected by sat-
culated using the IGRF2000 coefficients extrapolated to theuration. Large increases in the flux of energetic electrons are
date of measurement. To calculate the external field comassociated with increased magnetic activity as monitored by
ponent the Tsyganenko 1989 model was selected with Kghe Dst index (the orange lines identify geomagnetic storms
set to 0. The L parameter was determined using a mag-with a Dst minimum larger than 50 nT in absolute). The flux
netic dipole moment ofi/=0.311653 GR& The analysis enhancement can be very rapid and may take place over a
was restricted to data in the L-region 1.6-5 and B regiontimescale of about half a day to four days depending on the
0.22-0.46 G. If we assume a dipole field and that the localmagnetic and wave activity as well as on the enhanced fluxes
pitch angle of the detected particlesi8(° (close to 90 for of the seed population. Fewer events were recorded at the
Demeter data and variable for SAC-C) then these assumplowest L-shells as only the strongest geomagnetic storms af-
tions restrict the analysis to equatorial pitch anglgginthe  fect this region. The electron decay timescales in that re-
rangeoeq < 25° at L=2 andoeq < 6° at L=5. gion are also very large. While close to the slot region the
fluxes are only affected by stronger storms, the particle fluxes
in the outer belt react already to much weaker geomagnetic
3 Data analysis: determination of the decay timescales  activity variations (cf. time period July—September 2001 on
Fig. 1). The fits fulfilling the requirements described above
The method to automatically determine the electron life-are over plotted on the data in Fig. 1 (blue curves) and the
times is similar to that adopted in the work of Meredith et respective lifetimes are indicated. The lifetimes show a cer-
al. (2006). The constraints on the method were howevetain dispersion depending on the after storm conditions. For
adapted to comply with the characteristics of the data andnstance, from a diffusion analysis, West et al. (1981) found
are described here below. The fluxes are assumed to decayidence to support the assumption that the most rapid de-
exponentially to the quiet time level. Therefore the decaycays are those observed when radial diffusion is weak and
timescalesy, were obtained by fitting a linear function to the pitch angle diffusion is identified as the predominant process
natural logarithm of the fluxes (least square fit). The strengthresponsible for the decay.
of the linear relationship is given by the correlation coeffi-
cientr that varies between1 and 1. The correlation coeffi-
cient is determined for the 12 first points in the dataset (=124 Results
days for a time resolution of 1 day f@r> 2.4). If r is nega-
tive with an absolute value less than 0.94 or positive, the fit isThe data analysis was repeated for L-values between4—
classified as “not good” and the starting point is incrementeds.0 in steps of 0.2 for all the energy channels of the SAC-
by one point and the next set of 12 points is fitted.r i C and DEMETER particle instruments between 0.16 and
negative and its absolute value is greater than 0.94, the numt.4 MeV. The results from both sets of data were put together:
ber of points included in the fit is increased by one unit until the lifetime data from overlapping energy bins are averaged
the value ofr becomes less than 0.5 in absolute. The fittingand the extreme energy limits were taken to define the new
interval is then chosen to be the fit with the highest absoluteenergy bin within which the mean lifetime value is valid.
value ofr, which is in that case greater than or equal to 0.94.Figure 2 shows an example of lifetimes obtained from the
The increment in the number of data points for the fit and thetwo sources of flux data, i.e. SAC-C (black diamonds) and
selection of the fit with the best correlation coefficient, imply DEMETER (red triangles) satellites, as a function of time of
that the retained fit is based on at least 12 points and has measurement. The mean lifetime value quoted on the graph
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Fig. 1. The three upper panels show the SAC-C/ICARE differential
electron fluxes of 0.23-0.29 MeV electrons at the indicated posi-
tions (given byL and B) as a function of time from 1 March 2001 T L b b b Lo by
to 1 November 2001. The last panel gives the Dst index for the > 200 z5 30 35 40 45 50
same time period. The orange lines indicate the instant of Dst min- L

imum (for —Dstyin > 50 nT). The blue curves indicate the result of Fig. 3. Measured mean electron decay timescales veksias the

the fitting procedure. The corresponding electron lifetimes are alsq_=!
indicated. Iindicated energy ranges.

) o ) quoted errors are the standard deviations on the mean value.
(shown as the blue continuous line in Fig. 2 is an averagerhe typical uncertainty (relative error) on the lifetime values

over all measured values. The orange lines indicate the stang 3006, When the decay timescale is only defined by one
dard deviation to the mean value. It can be observed that th§z|e then the error bar is based on this typical uncertainty.

average lifetime stays constant during the long time period
from solar maximum in 2001 through the declining phase
until 2006.

The experimental electron lifetimegsas a function ofL
and E, as well as the number of eventaused in the deter-
mination of these mean lifetimes are given in Table 1. The
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The observed decay timescales are plotted, for the result- ' ' ' '
. . X : w E=0.23—0.34MeV
ing energy bins, as a function affor the region 6 <L <5 > 100F o 0.214MeV Meredith et al., 20067
in Fig. 3. The inner belt regions are characterized by very = : 0.268MeY West et cl., 1981 ]
high decay time constants that increase quickly with decreas- « I ]
ing L. The largest observed lifetimes in this case are larger é |}
than 3 months. Looper et al. (1994) also observed that at £ g 2 =
the outer edge of the inner belt electron lifetimes can be very < :
large and reach up to 6-12 months for relativistic electrons = uf_
(E = 15MeV). In the inner belt, the general trend is that the & LT T L R
highest decay times are observed for the less energetic par 1 : : : ‘ :
ticles. This observation has also been noted in former in- 15 20 25 530 35 40 45 50
vestigations for relativistic electrons in the heart of the inner L
radiation belt (Freden, 1969). In the slot region, for all the A I T
bi idered, the electron decay timescales have £ 100 L F=D A5 0. 5oy ]
energy bins considered, the electro ecay escales nave ? 100¢E - ¢ D.510MeV Meredith et al., 20087
minimum of 3—4 days nedr=2.5-3.2 (energy dependent). It = ; . 0.478MeV West et al., 1981 4
has been observed that the location of the minimum lifetime v » gggfgmgt ben;&?lgbég71
for a given energy depends on the after storm conditions. In .=
the outer belt, the lifetimes slightly increase with increasing £ 1g -
L, but the electrons with the highest energy decay the slow- c ;
est (largest decay time constants). This is a trend that is gen: =
erally observed after individual storms (Benck et al., 2008) 2
but that is not exclusive. Meredith et al. (2006) also showed 1 : : : :
a very clear energy dependence of the decay timescales fo 1.9 zZ0 25 30 35 40 45 50
energetic electrons in the 0.2-1.1 MeV range for outer belt L
electrons (k< L <5). : : ; ;
w E=1.06—1.28MeV
= 100¢ = 1.090KeY Meredith et al., 20067
I, F " = D.957MeY Vampala, 1871 ]
N 0.976MeY Seki et al., 2005
5 Comparison with existing data £ 1.55ZMeV Seki et al, 2005
E ‘IO — —
The SAC-C/ICARE and DEMETER/IDP particle detectors = | 2Phg §i
measure electrons which are stably trapped and mirror at = ]
low altitudes (dominant component) together with precipi- £
tating electrons in the loss cone. Assuming a dipole mag- T
netic field, a 90 pitch angle measured for ICARE or IDP 1.5 20 25 30 35 40 45 50
at L=2 corresponds to an equatorial pitch angle of approxi- L

mately 18. Electrons with pitch angle greater than this mir-

ror before reaching the satellites. The measured lifetimes ar€i9- 4. Observed lifetimes (black dots) versiisfor three differ-
therefore restricted to the decay of the equatorial electron dis€"t €nergy ranges. Comparison to other measured decay timescales
tribution close to the loss cone. To determine whether thd2ken from the indicated references.
decay timescales of electrons are pitch angle dependent, the

LEO data are compared to existing experimental lifetimes

based on electron data measured closer to the magnetic equa-Figure 4 shows the decay times of electrons for three en-
tor. Table 2 gives a summary of the characteristics of theergy bins (0.23-0.34 MeV, 0.43-0.52 MeV, 1.06-1.36 MeV)
satellites and the flux data on which the other lifetime resultsas a function ofL compared to the other experimental re-
are based. For direct comparison with our measurements wsults. It can be observed that while in the inner belt and in
only considered data sets that are based on fluxes given fdhe slot region there is no significant difference from the data
well defined energy bins i.e. lifetime data based on integralsets with differentxeq, in the outer belt for the least ener-
fluxes¢ (E > Etnreshold Measurements were discarded. The getic electrons£500 keV) the lifetimes are up te3 times

data from the study described in Vampola et al. (1971) werdarger for the low altitude electron fluxes than for their equa-
taken from the graph in Lyons et al. (1972). Based on thetorial counterparts. The difference decreases with increasing
remarks on the OV3-3 data given by West et al. (1981), itenergy and vanishes for energies about 1 MeV. For the 0.43—
was deduced that the lifetimes of Vampola et al. (1971) wereD.52 MeV energy bin, the data from Vampola et al. (1971)
partly deduced from fluxes with pitch angle as low a8 20 agree with our measurements. This is not surprising as these
(B=0.05G,L=3.5). data are deduced from high latitude fluxes. Albert (2000)
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Table 2. Data sources (and their characteristics), from which lifetimes have been deduced. The last column gives indications on the flux
specifics in the data analysig ( is the flux in the direction perpendicular Bat the geomagnetic equataf;(=J (aeq=90°)).

Reference satellite/instrument  orbit Period of data analysis  Energy range position Notes on the data
analysis
Vampola OV3-3/Aerospace perigee: 360km, July 1966—June 1967 200-2500keV 2<L <5, farfromthe Transformed the flux
(1971)  Corporation exp. apogee: 4492km, (9 bins) magnetic equator data approximately to
Incl.: 81.4# 0.01<B<0.05G the equator
West et Ogo5/LLL experi- perigee: 272km, June—-mid August 60-3000keV (7 2<L <5, closetothe For the most sen-

al. (1981) ment

clination: 31.2 mid January 1969

apogee: 23Re, In- 1968, End October—

bins) magnetic equator sitive data the J

were transformed to

O(eq=45.73
Albert CRRES/MEA perigee: 305km, End July 1990-begin 153-1580keV: 25<L <8 J(aeq = 40°) and
(2000) apogee: 35768km, 1991 Out of the 17 J (eeq=70°) analysis
Inclination: 18 channels, the
510keV data is
analyzed
Seki et CRRES/MEA perigee: 305km, 24 August-17 976 and L=3.25 Equatoriall fluxes
al. (2005) apogee: 35768 km, September 1990 1582 keV
Inclination: 18 1 storm data are shown
Meredith CRRES/MEA perigee: 305km, End  July 1990- 214, 510 and 3<L <5, closetothe Equatorial L fluxes

etal. October 1991

(2006)

apogee: 35768 km,
Inclination: 18

1090keV data
are shown

magnetic equator (60° < aeq< 120°)

showed decay time constants for 510 keV electrons, for two
equatorial pitch anglesit=40° and 70) and observed that
at this energy there is no difference in the lifetimes from the
two particle flux populations. However, the present study
based on LEO fluxesogq < 20°, L > 2.5) gives lifetime
constants that are larger fér> 2.8. The timescales from
Meredith et al. (2006) who averaged CRRES/MEA lifetimes
over a larger period, are somewhat larger than the values
from Albert (2000), but still slightly below the results pre-
sented herein. When reaching the highest treated energy bin
(1.06-1.36 MeV), all the data scatter close to one line.
Beyond the L and E domain covered by our analysis, sev-
eral interesting features can be pointed out:

— Fig. 4, in the region of the inner belt (herebk L <
2.4), does not show any difference in deduced lifetimes
coming from equatorial plane or low altitude measure-
ments. This is not in contradiction with previous ob-
servations from Beall et al. (1967) who showed, that in
the inner belt, there exists a dependence of the electron
lifetime on B (or aeq) but that this dependence seems to
vanish when moving to higher L-shells & 1.35).

— Baker et al. (2007) presented lifetimes for relativistic
electrons of energy 2—-6 MeV for the regiorbk L <
2.5 deduced from SAMPEX observations. This analy-
sis was later extended to<2L < 3 and the results are
analyzed in Meredith et al. (2009). They continue the
general trend of our data: At the outer boarder of the

www.ann-geophys.net/28/849/2010/

inner belt (2< L < 2.5) the lifetimes for 2—6 MeV elec-
trons are generally lower than the lifetimes for the 1.06—
1.36 MeV electrons. Moving towards the outer belt, the
lifetimes for the 2—6 MeV electrons become larger than
the lifetimes determined for the highest energy bin in
the present study.

— Baker et al. (1994) analyzed one year of SAMPEX data

and estimated decay timescales of 5 to 10 days for
electrons with energies higher than 400keV in the re-
gion 25 < L <5. While a direct comparison with a
specific energy channel of our study is not possible in
this case, the range of lifetime values has some overlap
with the range of values determined within our study
for E > 430keV andL > 2.6 (see Table 1). The over-
lap becomes considerable when comparing their life-
time range to our values for the last energy bin 1.06—
1.36 MeV. Given that in the mentioned L-region, high
energy electrons have a slower decay rate than low en-
ergy electrons, it can be understood that these data from
low altitude measurements tend to be somewhat higher
than our deduced lifetimes around 500 keV. Mcllwain
(1996) showed equatorial flux variations of electrons
with energies above 500 keV that exhibit a decay time
constant as large as 16 days. In their comparison of
electron flux characteristics at low and high altitude,
Williams et al. (1968) observed no difference between
lifetimes for electrons with energies abov&80 keV

at both positions. The difference may have been faded
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away by the broad energy range. This points-out themal angles, they observed that plasmaspheric hiss propagat-
importance of studying flux characteristics with enough ing at small or intermediate wave normal angles are respon-
resolution (energy, position, pitch-angle). By taking un- sible for electron loss over a wide range of L-shells and en-
limited energy bins, the lifetime constants may be over-ergies. Plasmaspheric hiss with large wave normal angles do
estimated and interesting features may be shadowed. not contribute significantly to the electron loss. This goes in
hand with the formerly stated fact that field-aligned propa-
gation is dominant near the equator: the particles mirroring
6 Discussion at the equator are permanently embedded in the wave field
with small wave normal angles and therefore are subjected
The outcome of this lifetime analysis is that for energies be-to lifetimes determined by these waves. It may now be that
low 500 keV the pitch-angle distribution does not decay at aparticles mirroring at higher latitudes that pass most of their
single rate independent of equatorial pitch anglg thisfea-  time in regions where oblique wave propagation is present,
ture is in contradiction with what is generally assumed andtend to interact predominantly with these oblique waves and
theoretically predicted (Albert and Shprits, 2009) and needshis as a function of decreasing energy. Based on the the-
to be investigated. oretical results shown in Fig. 10 of Meredith et al. (2006),
The lifetimes presented here are an average over all theve estimated that if at=4 andE=214 keV, 40% of the elec-
values observed during several time intervals at low altitudetron population interacted with the hiss having a wave normal
But, it is well known that there are many processes actingangle of 80, the lifetime for that energy would be close to
simultaneously upon the particle population within the mag-5 days. ForL=4 and E=510keV, a lifetime of 5 days can
netosphere i.e. pitch-angle diffusion due to wave-particle in-be reached if about 15% of the electron population interacts
teraction or Coulomb collision, energy loss, radial transport,with the highly oblique waves. At lovL, in the slot region
acceleration, injection. The relative importance of these pro-and inner belt, other wave emissions such as lightening gen-
cesses during specific time intervals determines whether therated whistlers and VLF transmitters, become increasingly
fluxes are increasing or decreasing and at what rate this igmportant and contribute to the decay timescales in that re-
occurring. Possible effects of the most relevant processes argions (Abel and Thorne, 1998a). Therefore at I6wthe
discussed hereafter: characteristics of the plasmaspheric hiss — electron interac-
Pitch-angle diffusion is one of the major processes thattion are less dominant for particle scattering and these ad-
determine the electron loss rates and their pitch-angle disditional waves may equilibrate the decay rate<d&00 keV
tributions during the recovery phase of a storm or during lowelectrons to a single rate, independent of equatorial pitch an-
geomagnetic activity. West et al. (1981) considered that thegle.
lowest lifetimes in the decays of the fluxes identify the pitch- The other processes that act upon the particle population
angle diffusion lifetimes. Applying the same reasoning, life- and that possibly contribute to the decay rate of electrons of
times of about 3 days would be deducedfx3.9 and elec- E <500keV andxeq< 20° in the outer zone also need to be
tron energy of 0.23-0.34 MeV (see Fig. 2) if pitch-angle dif- investigated. Inside the high density plasmasphere, energy
fusion is the only process in action. This observed low alti- diffusion as a result of gyroresonant wave-particle interac-
tude lifetime value is still approximately twice the value ob- tions is small compared to pitch angle diffusion. Further-
served by Meredith et al. (2006). Here it must be stated thamore, the timescale for pitch angle scattering loss of MeV
this latter reference also gives mean lifetimes values fromelectrons in the slot region is typically orders of magnitude
data obtained over a 15 months period and that these datshorter than that for radial diffusion (Meredith et al., 2009),
have not either been sorted for lowest values to obtain puré.e. the time evolution of the MeV electron distribution is
pitch angle diffusion lifetimes. Even so, assuming that thedominated by the pitch angle diffusion process. The situ-
equatorial data are the result of pure pitch-angle diffusion,ation may however be different when getting closer to the
an explanation needs to be found why does the difference iplasmapause dt ~ 4: the observed decay rates of electrons
lifetime persist or why does the pitch angle distribution not of a given energy and equatorial pitch angle may be mod-
evolve to an equilibrium shape fé < 500 keV. Generally in  ified by the effects of energy diffusion or radial diffusion
that region, interaction with plasmaspheric hiss is the dom-ransport. Brautigam and Albert (2000) observed that lower
inant mechanism responsible for the pitch-angle scatteringenergy particles are subject to inward radial diffusion while
(Abel and Thorne, 1998a). One process needs to be fountigher energy electrons diffuse outward. If inward radial dif-
that would enable the distribution to evolve less quickly to anfusion could have a significant effect on the loss, then the
equilibrium state. Meredith et al. (2006) stated that plasma-decay timescales of lower energy electrons would be higher
spheric hiss appear to propagate over a broad range of wawhan those of MeV electrons as it is typically more effective
normal angles with predominantly field-aligned propagationon lower-energy particles (Gannon et al., 2007). Moreover,
near the geomagnetic equator and more oblique propagatiomward radial diffusion causes a flux increase arougg90°
at higher latitudes. Comparing their experimental lifetime and so the global loss rate of the particle population mirror-
data to theoretical results obtained for different wave nor-ing at the equator should be slowed down and the lifetime
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of equatorially mirroring particles should be higher than thatsector (Summers et al., 1998). d) The lightening generated
of particles close to the loss cone. This is however not ob-whistler and VLF transmitter signals, penetrating through the
served, which suggests that inward radial diffusion cannot beonosphere and propagating along magnetic field lines into
responsible for the observed phenomena the radiation belts are more intense on the night side than on
Another mechanism that may explain the lower observedhe day side (Abel and Thorne, 1998a). It is therefore impor-
decay rates for non-equatorially mirroring particles is accel-tant to analyze the precipitation process and the pitch angle
eration. Wave acceleration is most efficient in low-density distribution evolution by taking into account the magnetic lo-
regions, therefore this process should take place outsideal time (MLT). A careful analysis of particle pitch angle dis-
the plasmasphere within which hiss dominate (Horne et al.tributions in MLT has been achieved by Gannon et al. (2007)
2005). AtL=4 we are at the border of the plasmapause andand they observed a strong variation of the distributions with
this criteria may be partially fulfilled. Horne at al. (2003) ob- MLT. This kind of investigations may be complemented by
served pitch angle distributions ofl MeV electrons evolv- LEO measurements of precipitating particles as a function
ing into butterfly-shaped distributions, during the recovery of MLT. It is also fortunate that the development of a theo-
phase of a magnetic storm, while the electron flux was stillretical time-dependent diffusion model is under way (Albert
increasing. They associated this phenomenon with accelerand Shprits, 2009). In fact introducing time-dependent vari-
tion of particles near 90in a localized region along the field ables into the diffusion equation as well as magnetic local
line above or below the equator, that would then result in atime dependent wave spectra may shed some light on until
broader pitch angle distribution with possibly a minimum at now unexplained phenomena.
9(° when mapped back to the equator. One of the most im-
portant types of waves that can energize electronskredis
the whistler mode chorus via Doppler shifted cyclotron res- ,
onance (Summers et al., 1998). During active times thesd Conclusion
waves, by interaction with the-MeV electrons, may also
enhance precipitation into the loss cone (Millan and Thorne We have analyzed SAC-C and DEMETER particle data to
2007) and act in this case as a loss source. These wavéietermine low altitude energetic electron decay timescales as
are generally located at the plasmapause, outside the plag-function of energy (160 keV-1.36 MeV) and L-shell (1.6—
masphere in the after midnight to morning side sector, occuP)- The resulting timescales are compared with existing ob-
outside the equatorial plane and act upon electrons with enservational lifetimes deduced mainly from fluxes measured
ergies above 100 keV. Under given conditions, chorus scatin the equatorial plane. Our main observation is as follows:
tering can make a pitch angle distribution evolve into either While in the inner belt and in the slot regioh & 3) no sig-
a flat-topped or butterfly-shaped distribution (Horne et al., hificant difference is observed between the low and high al-
2003’ 2005) A similar acceleration process may act upor{itUde data sets (le with differentga), in the outer belt for
the electron population of a few hundred keV near the lossthe least energetic electrons « 500 keV) the lifetimes are
cone and slow down their decay rate. up to~3 times larger for the low altitude electrons than for
It has been observed that the lifetimes of particles may beigh altitude ones. The difference decreases with increasing
longer than the duration of waves and that the decay rate ofnergy and vanishes for energies of about 1 MeV. This ob-
waves may also tend to show continuous decrease during thgervation, that low altitude electrons with< 500 keV sur-
storm recovery phase (Benck et al., 2008). Like the waveVive longer than particles having their mirror points close to
energy, the magnetic configuration, the plasma density alondhe equator, sounds contradictory to what might be expected.
with the ion composition change with position and time. In Therefore itis recommended and justified to take a moderate
addition, radiation belt electrons execute many drift periodscritical look at the comparison: the conclusion is not based
within the time resolution of the flux data (in our case the On an homogeneous data set; it was reached by comparing
time resolution for the fluxes was 1 day) used for lifetime results deduced from data acquired by different instruments
constants determination. Yet, within one drift period' the at different times. Therefore, the differences in the data ac-
electrons move across the different local time zones wherdluisition and analysis procedures might introduce some un-
the distribution of wave types varies. For example: a) Plas-certainties on the obtained results.
maspheric hiss that are confined within the plasmasphere are Until now, the diffusion theory does not allow for pitch-
located in the dawn to evening sector and peak in two latitudeangle dependent decay rates; one may expect that introduc-
regions (Meredith et al., 2004). Their intensity is geomag-tion of time-dependent variables in the diffusion equation
netic activity dependent. b) Whistler mode chorus waves arawill partially explain the observed results. Moreover, taking
observed outside the plasmasphere and are located in the afito account variable wave type occurrence and wave inten-
ter midnight to dawn sector at higher latitudes. They are ensity as a function of MLT as the particles drift around the
hanced during active time periods. c) EMIC waves are con-earth, may add some new features to the prediction of parti-
fined to a narrow region within the plasmapause, mainly oc-cle decay rates. Analysis of the scattering rate with regard to
cur during geomagnetic storms and are located in the eveninthe wave normal angle, as a function of position and particle
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energy, may also bring some explanation to the present obEcoffet, R., Lortvre, E., Corominas-murtra, A., Sicard-Piet, A.,
servation. Moulin, M., Falgtere, D., Nuns, T., Duzellier, S., Boscher, D.,

The theoretical evaluation of electron lifetimes is rather ~Bourdarie, S., Sauvaud, J.A., Sarrabayrouse, G., Gasiot, J., and
complex due to the fact that there are a multitude of com- Dusseau, L.: CNES Activities on lonising Particle Measure-

. : . ; , Workshop on lonising particle measurements in space,

ing mechanisms that can be operative at the same time. Mt V
peting mechanisms that ca b.e P L Noordwijk (The Netherlands), 31 January—2 February 2005.
The present results on observational electron lifetimes shoult} A . ;

. . algwere, D., Boscher, D., Nuns, T., Duzellier, S., Bourdarie, S.,

help to further clarify the understanding of electron decay
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