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Variations of the electron fluxes in the terrestrial radiation belts1
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Key Points:6

• Around L∗ = 3, CIRs can increase the flux of > 30keV to > 100keV electrons but7

no for higher energies (unlike ICMEs).8

• The maximal ratio between the flux post- and pre-event is greater than 100, is9

found around L∗ = 3 and is caused only by a few ICMEs.10

• The intensity of magnetic storms, defined with the minimum value of the Dst in-11

dex, is linked no only to the minimal value of L∗ for which the flux increase but12

also to the amplitude of this increase.13
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Abstract14

In this paper, we study the variations of the radiation belts electron fluxes induced by the15

interaction of two types of solar wind structures with the Earth magnetosphere: the coro-16

tating interaction regions and the interplanetary coronal mass ejections. We use a statis-17

tical method based on the comparison of the pre- and post-events fluxes. Applied to the18

NOAA-POES data, this gives us the opportunity to extend previous studies focused on19

relativistic electrons at geosynchronous orbit. We enlighten how CIRs and ICMEs can20

impact differently the electron belts depending on the energy and the Lshell . In addition,21

we provide a new insight concerning theses variations by considering their amplitude. Fi-22

nally, we show strong relations between the intensity of the magnetic storms related to23

the events and the variation of the flux. These relations concern both the capacity of the24

events to increase the flux and the deepness of these increases.25

1 Introduction26

The radiation belts are a region in the near earth space environment formed by trapped27

and highly energetic particles. This region is harmful for the great number of satellites or-28

biting in and several anomalies have been reported on board, ranging from a temporary29

gap in the instrumental data to a total failure of the spacecraft (see Table 1 in Cannon30

[2013]).31

The Interplanetary Coronal Mass Ejections (ICMEs) and the Corotating Interaction32

Regions (CIRs) are known as the main structures of the solar wind able to perturb the33

magnetosphere and cause geomagnetic storms of various profiles and intensities [Borovsky34

and Denton, 2006; Alves et al., 2006; Turner et al., 2006; Richardson and Cane, 2011; Be-35

nacquista et al., 2017]. The coupling between the solar wind and the magnetosphere also36

implies variations of the fluxes in the radiation belts over several orders of magnitude.37

These variations have been previously studied, especially for relativistic electrons38

at geosynchronous orbit, using two statistical methods: the Superposed Epoch Analysis39

(SEA) and the comparison of pre- and post-storm levels of flux. Reeves et al. [2003] and40

Anderson et al. [2015] used the LANL spacecraft and applied the pre/post-storm levels41

comparison method to the electron flux > 2MeV . They set their list of events with respect42

to the Dst index by looking for any geomagnetic storms moderate or intense (for Reeves43

et al. [2003]) and weak (for Anderson et al. [2015]). They found that any magnetic storms44
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could cause either a decrease, an increase or no significant variation of the flux. The pro-45

portions are such (respectively 19%, 53%, 28% for Reeves et al. [2003] and 32%, 42%,46

26% for Anderson et al. [2015]) that these results underline the unpredictability of the re-47

action of the belts, at least for this energy (> 2MeV), and this orbit (geosynchronous).48

To go further, other authors sorted the geomagnetic storms depending on their cause49

(CIRs or ICMEs). Miyoshi and Kataoka [2005] applied SEA on relativistic (> 2MeV)50

electron flux, measured by GOES spacecraft. They found that CIRs cause much higher51

increases of the flux than ICMEs at the geosynchronous orbit. In addition, they separated52

the ICMEs in two groups depending on the intensity of the related magnetic storms (de-53

fined with the minimal value of Dst) and they found no significant difference. This again54

indicates that the intensity of the magnetic storm is not one of the relevant features to un-55

derstand the variations of the flux at this energy and orbit (also confirmed by Kataoka and56

Miyoshi [2006]).57

Other studies used the so-called multi-epoch SEA. By setting the epoch times rel-58

atively to the structure of the events (instead of the magnetic storms), they aimed to un-59

derstand the contribution of each sub-structure on the variations of the flux. Kilpua et al.60

[2015] applied both multi-epoch SEA and pre-/post-event comparison to CIRs and ICMEs61

for the flux of relativistic electrons measured by GOES spacecraft. Their results confirm62

that CIRs are the most efficient structures to increase the flux at geosynchronous orbit.63

They showed that the flux decreases from the onset of the CIR to the stream interface and,64

then, increase from the crossing of the stream interface, during the remaining part of the65

CIR and the following high speed stream. Concerning the events related to the ICMEs,66

the upstream sheaths trend to make the flux decrease while the tendency for the ICMEs67

remains unclear. However, by sorting the events depending on the speed of the down-68

stream solar wind, they emphasized the key role of high speed streams (following CIRs69

and ICMEs) to increase the flux of relativistic electrons at geosynchronous orbit.70

These conclusions confirm other previous studies. Hietala et al. [2014] showed that71

the depleting effect of the sheath comes from the combination of the pressure increase,72

allowing a loss of electrons by magnetopause shadowing, and the increase of the ULF73

waves, pushing the particles to lower L∗ value by radial diffusion. According to Miyoshi74

and Kataoka [2008] and Miyoshi et al. [2013], the fast stream appears to be a necessary75
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but insufficient condition for the increase of the flux. They showed that a negative BZ dur-76

ing the high speed stream is also necessary.77

Therefore, this set of studies provides a good overview of the effects of the CIRs78

and the ICMEs on the evolution of relativistic electrons flux at geosynchronous orbit.79

However, these results are limited to only one energy range and one orbit and, thus, give80

an incomplete view of the dynamics of the radiation belts.81

Recent studies using the Van Allen Probes data investigate the flux at other ener-82

gies and L∗ values. Reeves et al. [2016] observed the radiation belts after seven events83

and highlighted their typical structure. They showed a strong dependence of the radia-84

tion belts dynamics to the energy and L∗ value. Turner et al. [2015] performed a statisti-85

cal study by using the pre-/post-event comparison on a list of 52 events causing moderate86

or strong magnetic storms. They confirmed the strong dependencies to the energy and87

L∗ and showed that, regardless of the energy, the region between L∗ = 3 and L∗ = 4.588

is the most likely to make the fluxes increase. However, they defined their events by ob-89

serving the variations of the Dst index and, therefore, did not differentiate the effect of90

the CIRs and the ICMEs while Kilpua et al. [2015], using the Van Allen Probes for three91

study cases (one SIR during March 2013, one ejecta in July 2013 and one sheath+ejecta92

in June 2013), observed that the radiation belt’s response is clearly different according to93

the type of events. This trend was already observed by Kataoka and Miyoshi [2006] who94

performed SEA on the flux measured by NOAA-POES.95

All the previous studies consider only the events related to magnetic storms with96

intensity of at least Dst = −50nT (except for Anderson et al. [2015]). However, recent97

studies also using the Van Allen Probes data show that the variations of the flux can occur98

during non-storm times. Through three use cases the authors show that events without99

related magnetic storms can also cause increases [Su et al., 2014, 2015] or decreases [Su100

et al., 2016] of the electrons flux over more than one order of magnitudes.101

Despite the full covering of L∗ values and the several energy channels, the statistical102

studies using the Van Allen Probes data are limited because of the relatively small period103

during which the data are available (since 2012) and the particularly quietness of solar cy-104

cle 24. In this study, we used the pre-/post-event comparison method to study the impact105

of the solar wind structures on the radiation belts. By using NOAA-POES data, we benefit106

from a very great length of time, for the entire range of L∗ and several energy channels.107
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In addition, we used different lists of events, allowing the distinction between CIRs and108

ICMEs.109

2 Data and Methods110

We used the flux measured by the NOAA-POES spacecraft from POES-15 to POES-111

19 covering the period since July 1998. Previous satellites have not been considered be-112

cause of a change of the detectors (and their orientation) between POES-14 and POES-15.113

Each satellite are equipped with the SEM/MEPED instrumentation providing the electron114

flux for three energy channels : > 30keV , > 100keV and > 300keV . However, because115

of strong contamination, one of the protons channel is commonly used to detect relativis-116

tic electrons > 1MeV [Yando et al., 2011]. For every time steps of one hour and every117

energy channels, we determined the flux for each value of L∗ between 1.0 and 8.0 with118

a resolution of ∆L∗ = 0.1. If several satellites provide a value for the same time and L∗,119

we simply computed the geometrical mean value. Then, we applied a 24 h sliding window120

average on the flux. By doing so, we erased the variations of the flux due to orbital effects121

and MLT-dependencies for the low energy channels.122

Since we aim to differentiate the impact of CIRs and ICMEs, we used existing lists123

of events. Most of the studies systematically consider the events with Dst < −50nT and124

set apart the weaker ones. Since one of their main conclusion is that the variations of the125

relativistic electron flux do not depend on the intensity of the related magnetic storms (at126

least for geosynchronous orbit), one might expect that a non-negligible number of weaker127

events would have cause substantial variations of the flux. As a consequence, the authors128

removed from their lists some events that could have been efficient from the radiation belts129

point of view. Therefore, we chose to use some lists of events based exclusively on the130

observation of the solar wind parameters. Several of these lists are available and we chose131

to use the lists from the studies of Mitsakou and Moussas [2014] (for the ICMEs) and Jian132

et al. [2006] (for the CIRs). The list of ICMEs provides 325 events between 1996 and133

2008 using the OMNI data base. Since the flux data are available only since July 1998,134

this list is reduced to 278 events. For each event, the list provides the time of beginning of135

the disturbance upstream the ICME, the beginning of the ICME and the end of the ICME.136

The boundaries of the ICMEs are determined by looking for their typical signature in the137

plasma and the magnetic field. The list of CIRs originally provided some events from138

1995 to 2004. It has later been completed up to 2009, and it provides 574 events between139
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1995 and 2009 (440 since July 1998). Three dates, determined at the Lagrangian point140

L1, are provided for each event: the onset of the CIR, the stream interface and the end of141

the CIR. They are essentially determined with the observation of the total perpendicular142

pressure.143

In this study, we applied the method of comparison of the flux pre-/post-events. This144

method has been widely used in the previous cited literature. It involves comparing the145

levels of flux before and after each event without considering their variations during the146

interaction interval between the structure and the magnetosphere. It can be summarized as147

follow: the levels of flux pre-events and post events are determined, then the ratio of both148

level are computed. If this ratio is lower than 0.5, the event is considered to significantly149

decrease the flux. If the ratio is higher than 2.0, the flux is considered to have increased.150

Otherwise (between 0.5 and 2.0), there is no significant variation. Following Kilpua et al.151

[2015], we chose to determine the pre-events flux as the mean value between 36 hours and152

12 hours before the onset of each event regardless of the energy. For the post-storm level,153

we looked for the average flux between 0h and 24h for the two lowest energy channels154

(> 30keV and > 100keV) and between 36h and 60h for the two highest energy channels155

(> 300keV and > 1MeV). Theses values have been chosen to avoid underestimation of156

the number of events increasing the flux.157

3 Results158

3.1 Capacity of the CIRs and the ICMEs to increase or decrease the fluxes159

Based on the definition given in Section 2, figure 1 gives the percentage and number160

of events that lead to an increase, a decrease or no change of the flux as a function of the161

energy (color code), L∗ (x-axis), and the type of events (CIRs on the left panel, ICMEs on162

the right panel). For each plot, the area between the bottom of the graph and the dashed163

line corresponds to the events that decrease the flux. The area between the dashed line164

and the solid line corresponds to the events that cause no change of the flux and the area165

between the top of the graph and the solid line corresponds to the events that increase the166

flux. As an example, for the ICMEs (left panel) and the electrons > 30keV (green line) at167

L∗ = 5, 17% of the events of our list decrease the flux while 34% increase it.168

First, we compared our results to those of other studies for relativistic electrons in174

geosynchronous orbit (L∗ = 6): Reeves et al. [2003]; Anderson et al. [2015]; Kilpua et al.175
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Figure 1. Percentage and number of events that make the flux increase or decrease as a function of L∗

(X-axis), the energy (color code), the type of events (ICMEs on the left panel, CIRs on the right). The dashed

lines indicate the percentage (and number) of event resulting in a decrease of the flux and the solid lines cor-

respond to the events resulting in a decrease or no change. Therefore, the area from the top to the solid line

indicate the statistic of the events resulting in an increase of the flux.

169

170

171

172

173

[2015]; Turner et al. [2015]. The comparison indicates strong differences between the176

results of all studies. Turner et al. [2015] explained their differences of results with the177

study of Reeves et al. [2003] with the different period chosen, their study covering only178

a part of the quiet solar cycle 24. In our case, we found systematically a lower propor-179

tion of events resulting in an increase of the flux and a higher proportion resulting in no180

change. In particular, the strong conclusion found by Kilpua et al. [2015] that CIRs are181

much more efficient than ICMEs to increase the flux at geosynchronous orbit is less clear182

in our results. From our point of view, the main explanation to such differences comes183

from the choice of the lists of events. Every studies base their statistics on a different184

list of events set with different criteria. In particular, Reeves et al. [2003], Turner et al.185

[2015] and Kilpua et al. [2015] considered only the events causing magnetic storms with186

Dst < −50nT . The list we chose contain every events detected at point L1 regardless187

of the intensity of the related magnetic storms. Therefore, one might think that our list188

implies a consequent amount of non-effective events explaining why we found a higher189

proportion of events resulting in no change. However, by comparing the number of events190

rather than the percentages, we found that far more CIRs (≈ 130) cause an increase of the191
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flux than ICMEs (≈ 70). Therefore, from the radiation belts point of view, an increase of192

the flux at geosynchronous orbit is due to a CIR almost two over three times.193

In addition, our results provide indications for other energies and L∗ values. First,194

for the ICMEs, there is a range of L∗ (L∗ = 2.5−4.5) for which the ICMEs are particularly195

efficient to increase the flux. This, enlighten on the figure with two vertical dashed lines,196

is the same range regardless of the energy despite that the percentage is strongly reduce197

for relativistic electrons. On the other hand, the percentage of events leading to a decrease198

of the flux is higher when the energy and L∗ increase. Therefore, one can subdivide the199

belts in three regions as a function of the impact of the ICMEs: in the deepest zone (L∗ <200

2.5), ICMEs almost never cause variations of the flux (at least, for the events of our list).201

Between L∗ = 2.5 and L∗ = 4.5, they are efficient to make the flux increase while the202

opposite trend is observed above L∗ = 4.5.203

The impact of the CIRs includes both similarities and differences with the ICMEs.204

First, the CIRs cannot impact the belts as deep as the ICMEs. This difference, although205

significant, is weak for the two first energy channels (> 30keV and > 100keV). Then206

it increase for the upper energy channels. Contrarily to the ICMEs, the lowest L∗ im-207

pacted by the CIR depends on the energy. For instance at L∗ = 3.5, a large proportion208

of CIRs (42%) increase the flux of electron > 30keV while this percentage fall down to209

11% for the electrons > 1MeV . Concerning the decrease of the flux, we notice the strik-210

ing inability of the CIRs to decrease the flux for the lowest energy channels (> 30keV and211

> 100keV).212

These results clearly show the variability of the reaction of the radiation belts de-213

pending on the structure impacting, but also the L∗ and the energy. Therefore they can be214

compared with those of the study of Turner et al. [2015]. As they pointed out, a strong215

majority of the events of their list (only events with Dst < −50nT) increase the flux in the216

region L∗ = 3.5 − 4.5. These results are confirmed by our study and we provide a clar-217

ification on the contribution of the ICMEs and the CIRs. For > 30keV and > 100keV ,218

both CIRs and ICMEs cause these increases. In contrast, for > 300keV and > 1MeV ,219

the CIRs are much less efficient (for these L∗) and almost only ICMEs can increase the220

flux. In addition, Turner et al. [2015] found that almost no event of their list were able to221

increase the flux of electrons > 1MeV for L∗ = 2.5 − 3.0. Our results are quite different222

as we show that ≈ 25% or the ICMEs of our list increase the flux for the similar energy223
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range. This difference clearly comes from the considered time range. By using the RBSP224

data, Turner et al. [2015] were limited in a period during solar cycle 24 where nearly no225

events were strong enough to increase the flux at such L∗. By using NOAA-POES data,226

our study covers the solar cycle 23 with a consequent number of strong events. Concern-227

ing the decreases, ICMEs are clearly more efficient, especially for the low energy channels228

and it can be seen that the number and proportion of ICMEs that decrease the flux pro-229

gressively increase with L∗.230

This section dealt with the ratio of events causing significant variations of the flux231

depending on the energy, L∗ and the type of structure. However we did not discuss the232

amplitude of these variations. This is what we propose to do next section since it seems233

fair to differentiate an event doubling the flux from another one multiplying it by ten or234

more. Therefore, we will sort the events depending on the amplitude of these variations.235

3.2 Amplitudes of the variations of the flux236

We computed the ratio R between the post and pre-event fluxes and classified the237

events within ten ranges of R (R < 0.01, R = 0.01 − 0.1, R = 0.1 − 0.2, R = 0.2 − 0.5,238

R = 0.5 − 1.0, R = 1 − 2, R = 2 − 5, R = 5 − 10, R = 10 − 100, R > 100).239

The results are displayed in figure 2 for the two types of structures and two energy240

channels (> 30keV and > 1MeV). Each panel corresponds to one energy channel as in-241

dicated overhead and one structure as noted on the left side. The figures corresponding242

to the two other energy channels (> 100keV and > 300keV) are given in figure 1 in the243

supporting information. On each panel, the area between two lines corresponds to the per-244

centage and number of events related to the corresponding ratio. The grey area indicates245

the ratios R = 0.5 − 1.0 and R = 1 − 2 and therefore corresponds to the "no change" statis-246

tics in the previous section. As an example, at L∗ = 4 around 9% of the ICME increase247

the flux of electron > 30keV with a ration R = 5 − 10.248

For the flux > 30keV , the most striking observation is the asymmetry between the253

amplitudes of increase and decrease. Indeed, both CIRs and ICMEs can cause increases254

much stronger than decreases since this is not unusual that the flux increase with R > 5255

while the decreases are almost only with R < 5. It is also interesting to note that both256

ICMEs and CIRs can increase the flux with a ratio between 10 and 100 despite a different257
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Figure 2. Distribution of the ICMEs (top panels) and the CIRs (bottom panels) for two energy ranges

(> 30keV , left panels and > 1MeV , right panels) depending on the ratio R between the flux after and be-

fore the events. The red line distinguish the events that make the flux increase or decrease and the grey area

enlightens the events corresponding to "no change" in the previous section (R=0.5-2)

249

250

251

252

dependency on L∗. A few ICMEs can increase the flux with such ratios a bit deeper than258

CIRs but, on the contrary, for L∗ > 5, only CIRs can increase the flux with R > 5.259

For the flux > 1MeV , the results are very different. Unlike the CIRs, a few ICMEs260

are able to cause intense increases of the flux (R > 100) on a limited range of L∗. On the261

other hand, the decreases seems to occurs with higher ratio even if the number of corre-262

sponding events is quite low. One can also notice that, only ICMEs can increase the flux263

with a ratio R > 5 below L∗ = 3.5.264

As showed in the previous section, the choice of the list of events can significantly265

impact the results of the statistical study. Following the same method, we computed the266

statistics on the list of events from Kilpua et al. [2015]. The results are given in figure 2267

and 3 in the supporting information. As expected, the numerical values change strongly268
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since the list of Kilpua et al. [2015] contain much less events associated to "no change"269

but one can observe that the variations and the dependencies in energy, L∗ and structure270

are preserved.271

Despite we showed that the reaction of the radiation belts is statistically clearly dif-272

ferent depending on the type of structure, our results suggest that two events (of the same273

type) can have very different effect. Therefore, it would be interesting to determine some274

feature of the events allowing to discriminate the reaction of the belts. In the next section,275

we propose to sort the events according to the intensity of the related magnetic storms.276

3.3 Reaction of the belts depending on the intensity of the related magnetic storms277

We consider now all 718 events (ICMEs and CIRs) and we sort them according to278

the intensity of the related magnetic storms (defined with the minimal value of the Dst279

index). We show on figure 3 the number of events increasing or decreasing the flux de-280

pending on this criteria. Each panel correspond to one energy channel and the statistics281

for each subgroup are given with different colors.282

At geosynchronous orbit (L∗ ≈ 6), we found that the number of events that increase288

or decrease the flux does not depend on the intensity of the related magnetic storm. This289

support the conclusion of previous studies for electrons > 1MeV , and allow to extend it to290

other energy channels.291

Our results also show that, in contrast, in the inner part of the belts, the intensity of292

the storms have a strong impact on the reaction of the belts. First, the more intense the293

magnetic storm is, the more likely it is to increase the flux. The probability to increase the294

flux, indeed increase progressively through the different subsets and almost every events295

related to a magnetic storm with Dst < −150nT increase the flux for L∗ = 2.5 − 3.0.296

The intensity of the magnetic storm is not only linked to the probability to increase297

the flux but also to the deepness of this increase. For instance, for electrons > 30keV298

(upper left panel), events related to Dst > −30nT (green line) never increase the flux299

below L∗ = 3 while the most intense magnetic storms (orange and red lines) can increase300

the flux at least from L∗ = 2.301

In previous studies, Su et al. [2014, 2015, 2016] showed that non-storm time events302

can cause variations of the electrons flux. Our results confirm that in the outer part of the303
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Figure 3. Percentage and number of events that make the flux increase or decrease as a function of L∗ (X-

axis), the intensity of the related magnetic storm (color code), for the different energy channels. The dashed

lines indicate the percentage (and number) of event resulting in a decrease of the flux and the solid lines cor-

respond to the events resulting in a decrease or no change. Therefore, the area from the top to the solid line

indicate the statistic of the events resulting in an increase of the flux.

283

284

285

286

287

belts (L∗ > 5), non-storm events, as well as more intense events, can cause variations of304

the flux. In the other hand, for L∗ < 5, our results indicate that non-storm events (green305

lines, Dst > −50nT) barely cause variations of the flux. In addition, the figure 4 gives the306

ratio R between the post and pre-event fluxes corresponding to the 289 non-storm events307

for electrons > 1MeV . Therefore this figure is similar to the right panels of figure 2 but308

only for non-storm events.309
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Figure 4. Ratio R between the flux after and before the events for 289 non-storm events and depending on

the L∗ parameter. These results correspond to the energy chanel > 1MeV .The red line distinguish the events

that make the flux increase or decrease and the grey area enlightens the events corresponding to "no change"

in the previous section (R=0.5-2).

310

311

312

313

It can be seen that around 85% of these events cause variations (increases or de-314

creases) with a ratio lower than 5. Therefore, the variations of the flux related to non-315

storm events are not only infrequent but also limited to weak ratios whereas stronger events316

can increase the flux with a factor above 100 at lower L∗.317

4 Discussion318

Our statistical study clearly shows that the reaction of the belts is strongly dependent319

at the same time to the structure the event (CIR or ICME), to the energy and to the L∗ pa-320

rameter. The variations of the flux are caused by a balance between different physical pro-321

cesses leading to the transport of the electrons, their gain or loss of energy and / or their322

total loss. Schematically, one can consider 3 zones in the belts. In the inner part (low L∗),323

loss process dominate due to pitch angle scattering caused by the interaction between Hiss324

waves and particles. In the intermediary part of the belts, acceleration processes dominate325

thanks to the simultaneous contribution of radial diffusion and the interaction of the elec-326
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trons with Chorus waves. In the outer part of the belts, the magnetopause shadowing lead327

to strong and efficient loss of particles. Of course, the boundary between theses regions328

depend on each event that cause the intensification of theses processes in different propor-329

tions. The position of the plasmapause can provide an indication of the boundary between330

the two first zones because Hiss and Chorus waves are preferably generated respectively331

inside and outside the plasmasphere. In the other hand, the position of the magnetopause332

allows to estimate the regions where the magnetopause shadowing occurs.333

In the figure 5, we plot the sum curves corresponding to the position of the plasma-334

pause (left panel) and the magnetopause (right panel) during the events. The position of335

the plasmapause is computed using the model from O’Brien and Moldwin [2003]. We336

used the model from Shue et al. [1998] and adapted by Herrera et al. [2016] to determine337

the position of the magnetopause. For each event, we kept the minimal values of the po-338

sitions of the magnetopause and the plasmapause during the time ranges corresponding to339

the crossing of the structures. We also made the distinction between the CIRs (in blue)340

and the ICMEs (in red).341

Figure 5. Sum curve of the postion of the plasmapause (left panel) and the magnetopause (right panel)

depending on the solar wind structure : ICMEs (in red) and CIRs (in blue).

342

343

The left panel shows that ICMEs can push the plasmapause at L∗ as low as L∗ = 2.344

In the other hand, no CIR in our list of events can push the plasmapause to L∗ < 3. Con-345

cerning the balance between accelerations and loss processes at low L∗, one can therefore346

expect that accelerations processes will dominate at lower L∗ for ICMEs than CIRs. This347

can be observed on figure 1, notably for > 1MeV electrons. For lower energy channels,348

there is still a difference between CIRs and ICMEs but much weaker. For these energies,349
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the position of the plasmapause remains the same, the pitch angle scattering is much less350

efficient. Therefore, the limit between loss and acceleration processes will be found at351

lower L∗ for these energies. This explains why CIRs can increase the flux at L∗ for the352

lowest energy channels but not for > 1MeV .353

On the right panel, we can see that ICMEs also compress the magnetopause to lower354

L than CIRs during the events. This indicate that the loss process by magnetopause shad-355

owing is more efficient during the former type of event. On the figure 1, it can be seen356

that, indeed, ICMEs cause more decreases of the flux than CIRs for high values of L (at357

least for > 30keV and > 100keV electrons).358

The consideration of the physical processes also allows to qualitatively explain the359

results of figure 3 for the low values of L∗. The intensity of magnetic storm also affect360

the balance between acceleration and loss processes. The more intense is the magnetic361

storm and the more efficient is the radial diffusion and the more restricted is the plasma-362

sphere. Therefore, it is expected that acceleration processes will dominate at lower L∗ for363

more intense magnetic storms as it is observed on figure 3.364

5 Conclusions365

We studied the variations of electron fluxes in the radiation belts due to the inter-366

action of solar wind structures with the magnetosphere. We benefited from the NOAA-367

POES data which provide data on the full range of L∗ a great time range. Furthermore, by368

using several lists of events, we made the distinction between CIRs and ICMEs369

Our study emphasized the strong dependency of these reactions to the considered370

energy, the L∗ value and the type of structure. For ICMEs, one can subdivide the belts in371

two regions: in the inner part (L∗ ≈ 2 − 4.5) the ICMEs will trend to increase the flux372

while in the outer part (L∗ > 4.5), most of the ICMEs will decrease the flux. This is true373

for all energy channels despite the percentage of events making the flux increase in the374

inner part is significantly lower for > 1MeV electrons than for other energy channels. In375

the other hand, CIR have much less access to the innermost part of the belts. Therefore,376

the cause almost no reaction at L∗ < 2.5 for the lowest energy channels and even for L∗ <377

3.5 for > 1MeV electrons. Then, most of them increase the flux on a large range of L∗
378

and only a limited number decrease the flux (especially for low energies).379
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It was also found that the maximum amplitude of increase (R > 100) are found380

in a limited range of L∗ (around L∗ ≈ 3). At this deepness both CIRs and ICMEs can381

increase the flux for low energy channels while only ICMEs can cause such variations for382

the highest energies.383

Lastly, we enlighten the different reactions of the belts depending on the intensity of384

the related magnetic storms. It appears clearly that the percentage of events that increase385

the flux increase with the intensity of the storm. In addition, strong magnetic storm have386

access to much inner part of the belts.387

One strong challenge for the future, especially for space weather purpose will be to388

determine some pertinent lists of events from the radiation belts point of view. To do so,389

one should be able to determine the characteristics of the events that lead to an increase of390

the flux. It is clear that these characteristics will not be the same depending on the energy391

and L∗ as we showed, for example, that the amplitude of the flux variations and the inten-392

sity of the magnetic storms are linked for low values of L∗ but not in the external shells.393

One could also consider the efficient events as those able to increase the flux above394

a threshold (rather than the relative variations). This has been the subject of a parallel395

study than will be the purpose of a future publication.396
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