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Abstract Following the largest magnetic storm in 20 years (10 May 2024), REPTile‐2 on NASA's CIRBE
satellite identified two new radiation belts containing 1.3–5 MeV electrons around L = 2.5–3.5 and 6.8–20 MeV
protons around L = 2. The region around L = 2.5–3.5 is usually devoid of relativistic electrons due to wave‐
particle interactions that scatter them into the atmosphere. However, these 1.3–5 MeV electrons in this new belt
seemed unaffected until a magnetic storm on 28 June 2024, perturbed the region. The long‐lasting nature of this
new electron belt has physical implications for the dependence of electron wave‐particle interactions on energy,
plasma density, and magnetic field strength. The enhancement of protons around L = 2 exceeded an order of
magnitude between 6.8 and 15 MeV forming a distinct new proton belt that appears even more stable. CIRBE,
after a year of successful operation, malfunctioned 25 days before the super storm but returned to functionality
1 month after the storm, enabling these discoveries.

Plain Language Summary Energetic electrons with energies ranging from hundreds of keV to over
multiple MeV, along with protons exceeding multiple MeV, pose significant risks to spacecraft systems and
astronauts during spacewalks. These particles in the near‐Earth environment are known to exhibit substantial
variations, particularly during geomagnetic storms, which are triggered by solar flares and coronal mass
ejections from the Sun. Following the most intense magnetic storm in 20 years on 10 May 2024, NASA's CIRBE
(Colorado Inner Radiation Belt Experiment) CubeSat identified two new radiation belts using its high‐
resolution REPTile‐2 (Relativistic Electron and Proton Telescope integrated little experiment‐2) science
payload. One belt contained electrons with energies between 1.3 and 5 MeV located around L = 2.5–3.5 (L
represents the geocentric distance in Earth radii at the equator from Earth's center of the magnetic field line). The
other belt contained protons with energies between 6.8 and 20 MeV located around L = 2. The long‐lasting
nature of these belts provides insights into wave‐particle interactions, including information about the electron
belt's lifetime and energy loss processes affecting the new proton belt through atmospheric collisions.

1. Introduction
Earth's electron radiation belts usually consist of two distinct zones: the inner belt, centered near L = 1.5 (L is a
dimensionless parameter describing the magnetic shell that represents the geocentric distance in Earth radii (RE)
at the equator of the shell) and the outer radiation belt which is most intense around L = 4 and 5. The slot region,
where few energetic electrons dwell, separates the two radiation belts. The inner belt (L < 2) also contains protons
with energies of multiple MeV to GeV (e.g., W. Li & Hudson, 2019; X. Li & Temerin, 2001). A month after the
super storm of 10 May 2024, where the Disturbance storm‐time index (Dst) reached ∼−400 nT, a new electron
belt containing 1.3–5 MeV electrons around L = 2.5–3.5 and a new proton belt containing 6.8–20 MeV protons
around L = 2 was measured by REPTile‐2 (Relativistic Electron and Proton Telescope integrated little experi-
ment‐2), the sole science payload on CIRBE (Colorado Inner Radiation Belt Experiment), a three‐unit CubeSat
that was launched on 15 April 2023 into a sun synchronous orbit (97.4° inclination and 509 km altitude) with its
ascending local time at ∼10:30 a.m. REPTile‐2 includes a stack of four silicon detectors (D1, D2, D3, and D4) of
the same size. Each detector is separated into an inner area and outer ring (inner diameter: 20 mm; outer diameter:
40 mm), which is also known as guard ring. The guard rings are used in anti‐coincidence, such that a trigger of the
outer area would veto the event. Only events, which come in from the instrument's field of view (FOV), that
trigger the inner areas of detectors D1, D1 + D2, D1 + D2 + D3, and D1 + D2 + D3 + D4 are counted as valid.
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This anticoincidence logic eliminates contaminations from side penetrating highly energetic particles (mostly
>∼60 MeV protons). The inner area signals are passed to pulse height analyzers. The pulse‐height‐analysis
technique incorporated by REPTile‐2 instrument enables 60 electron energy channels (0.25–6 MeV) and 60
proton channels (6.5–100 MeV) at a cadence of 1 s (Khoo et al., 2022; X. Li, 2024; X. Li, Selesnick, et al., 2024;
X. Li et al., 2022). CIRBE was delayed in identifying the new radiation belts because it suffered an anomaly on 15
April 2024 (after working well for a year) and only resumed its normal science mode on 16 June 2024. Thanks to
the high‐energy‐resolution measurements of REPTile‐2, the new electron belt and proton belt were immediately
obvious.

2. Observations
Figure 1 shows the electron fluxes derived from the least‐squares inversion method (Khoo et al., 2022; Selesnick
et al., 2018; Tarantola, 2005; Tarantola & Valette, 1982) from REPTile‐2 measurements during four similar
passes through the center of the South Atlantic Anomaly (SAA) on four different dates in 2024, as labeled. These
electrons are mostly trapped. A small map with the CIRBE track is inserted on Figure 1a (4/14). Color‐coded
electron differential fluxes are plotted versus time (and L as the secondary x‐axis). Structure of two belts and
a slot region is evident on 4/14, 1 day before CIRBE went silent and ∼4 weeks before the super storm.

On 6/17 (Figure 1b), the outstanding new feature is the new electron radiation belt with energy between 1.3 and
5 MeV around L = 3. Also outstanding is that there are no measurable electrons with energies below 1.3 MeV in
that region. Additionally, the electron flux in the inner belt is much higher with clear enhancements of >1.5 MeV
electrons and more structures are visible, such as zebra stripes (guided by the blue lines) (e.g., X. Li, Selesnick,
et al., 2024; Mei et al., 2025). The outer belt electron flux has changed as well, with more lower energy electrons
and fewer high energy electrons. Electron fluxes based on REPTile‐2 measurements during a similar pass on 6/20
are displayed on Figure 1c, in which a diagram showing calculated lifetimes (gray‐color‐coded, as a function of
energy and L), due to interaction with plasma hiss waves, of the electrons ranging from 100 s of keV to multiple
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Figure 1. Color‐coded logarithmic electron fluxes as a function of time and energy, accompanied by a secondary x axis
showing the corresponding L, during a pass through the center of the SAA on four different dates as labeled. A small map
indicating CIRBE's pass on 4/14 is inserted in (a). The fluxes inside the dashed green square at L ∼ 2 in (b), and visible in
(c) and (d), are contamination by 6.5–7 MeV protons, see Figure 2. A diagram showing calculated lifetimes due to interaction
with plasma hiss waves is inserted in (c). Drift echoes or zebra stripes in the inner belt are visible in (b), indicated by the two
solid blues lines. CIRBE's altitude is decreasing, at ∼436.3 km on 6/17, ∼434.5 km on 6/20, and ∼428.9 km on 7/3 when
passing through L ∼ 3. The effects of the altitude are discussed in Section 3.3.
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MeV that have filled the empty region right after the storm was inserted (Pierrard et al., 2024), providing an
explanation of why the new belt contains only highly energetic electrons (1.3–5 MeV) around L ∼ 2.5–3.5 (see
discussions in the next Section).

Figure 1d shows electron fluxes based on REPTile‐2 measurements during a similar pass on 7/3, following a
magnetic storm that occurred on 6/28 (Dst ∼ −80 nT, see Figure 3). The electron flux remained almost the same in
the inner belt but changed significantly elsewhere, including the new electron belt (1.3–5 MeV), which decayed
significantly but was still visible.

Figure 2 shows the proton measurements for the same four passes as in Figure 1. Before the super storm, the inner
belt protons are shown in Figure 2a. The new proton belt is obvious after the superstorm, as shown in Figures 2b–
2d. The new proton belt formed at L < 2.2, seems more stable and was not affected by the storm that occurred on
6/28, see the bottom panel (Dst index) of Figure 3. Previous studies suggest that radiation belt protons at
1.7 < L < 2.3 vary gradually on time scales of ∼1 year (Albert & Ginet, 1998; Selesnick et al., 2016). The loss of
radiation belt protons is mainly due to collisions with free electrons, bound electrons, and nuclei in the ambient
plasma and neutral atmosphere (Albert et al., 1998; Selesnick et al., 2007). Collisions with free and bound
electrons produce energy losses that are stronger than nuclear scattering. Protons at larger L will experience more
rapid changes caused by field line curvature scattering (Selesnick & Looper, 2023; Selesnick et al., 2016; Young
et al., 2002), which breaks the first adiabatic invariant of a proton and leads to pitch angle diffusion (Young
et al., 2008). There are two parameters: the ratio of the locally mirroring proton gyroradius to the radial magnetic
field gradient scale length (ε), and the ratio of the distance traveled along the magnetic field line in a gyro period to
the radius of curvature (η) (Engel et al., 2016; Z. Li et al., 2024). Typically, ε > 0.1 is considered to represent the
onset of nonadiabatic motion (Sergeev & Tsyganenko, 1982; Tu et al., 2014), leading to loss by cumulative field
line curvature scattering. However, for the new belt protons (6.8–15 MeV) at L around 2, the corresponding ε
values are <0.05. Thus, we expect that the new proton belt will last for many months, perhaps over a year.

To put things in context, we show POES‐18 measurements of integral electron fluxes from the 90° telescope
(Evans & Greer, 2004) and the predicted Dst and Auroral Electrojet (AE) indices (X. Li et al., 2007; Luo
et al., 2013; Temerin & Li, 2006) between 4/14 and 7/5 of 2024 in Figure 3. The super storm started on May 10,
leading to the enhancement and deep penetration of energetic electrons to lower L. Some electrons were driven

Figure 2. Color‐coded logarithmic proton fluxes as a function of time and L, during the same passes as in Figure 1. The low
energy protons, 6.8–7.5 MeV, at L > 2.3, are contaminated by >∼3 MeV electrons (Khoo et al., 2022).
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into the inner belt as well, which is a common occurrence associated with a major magnetic storm (e.g., Baker
et al., 2004; X. Li et al., 1999). Here we focus on the region around L = 3 for the electrons, guided by the thin blue
line (in the 2nd panel), where few energetic electrons dwelled before the storm. After the super storm, the integral
electron fluxes appear to decrease in this region. By the time CIRBE resumed measurements on 6/16, some
>612 keV electrons are still visible in that region (L = 3), in the 2nd panel. However, REPTile‐2 revealed that
these electrons are between 1.3 and 5 MeV, as shown in Figures 1b and 1c: not 700 keV or 800 keV, or any
electrons below 1.3 MeV in that region. There are recorded counts in the lower energy channels of REPTile‐2 as
well. However, calculating the flux using a least‐squares inversion method, which accounts for REPTile‐2's full
instrument response functions (Khoo et al., 2022; Selesnick et al., 2018; Tarantola, 2005; Tarantola & Val-
ette, 1982), we determine that these counts in the lower energy channels are contributed by high energy
(>1.3 MeV) electrons. Thus, we conclude there are no lower energy (<1.3 MeV) electrons in the new belt after
CIRBE/REPTile‐2 resumed operation (6/16 onward). This demonstrates that having high‐energy‐resolution
measurements is critical. The new electron belt could not have been correctly identified from such integral
flux measurements alone. Based on PROBA‐V/EPT measurements, which has six channels between 0.5 and
8 MeV, Pierrard et al. (2024) showed the continuous temporal evolution of the electron fluxes before, during, and
after the super storm, see Figure 7 of Pierrard et al. (2024). They identified a new electron belt located between
L = 2.5 and L = 4 but they did not discuss the different decay rate for different energy electrons in the new electron
belt. REPTile‐2, with 60 channels between 0.25 and 6 MeV electrons, reveals more detailed energy dependence of

Figure 3. Daily averaged integral electron fluxes measured by POES‐18, with timelines of CIRBE stated on the top, for
integral channels >287 and >612 keV, and Dst and AE indices (predicted). The black curve on the first panel is calculated
plasmapause location based on an empirical formula (O'Brien & Moldwin, 2003). The thin blue line on panel 2
indicates L = 3.
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the new belt electrons, providing a good opportunity to discuss interactions between the electrons and plasma hiss
waves (next section).

3. Discussion
3.1. Unique Features of Dynamic Variations of Radiation Belt Electrons Associated With This Super
Magnetic Storm

The remnant belts of MeV electrons were previously reported using observations from the Van Allen Probes
(Baker et al., 2013, 2019). There are several differences between the new belts observed by CIRBE and the
remanent belts observed by the Van Allen Probes.

1. Forming mechanism. During the 10 May 2024 storm, the enhancements of relativistic electrons occurred
through a wide L range, down to L < 2 (inner belt), based on POES measurements and PROBA‐V/EPT
measurements (Pierrard et al., 2024). It is our understanding that the lower energy (<1.3 MeV) electrons were
scatted by hiss waves in the slot region (L = 2.5–3.5) and left >1.3 MeV electrons as the remnant belt. During
the 2 September 2012 storm, the pre‐existing >2 MeV electrons experienced slight penetration processes due
to the moderate activity (the minimal Dst index is around −70 nT). The outer part of the outer belt was depleted
by the magnetopause shadowing to form the remnant belts. There are no >2 MeV electrons observed at L < 2.8
and no >1 MeV electrons observed at L < 1.5 by Van Allen Probes during their entire mission, 2012–2019
(Baker et al., 2014; Claudepierre et al., 2019; W. Li et al., 2015; X. Li et al., 2015). The new electron belt
observed by CIRBE clearly demonstrates, Figures 1b and 1c, that >1 MeV electrons penetrated to L < 1.5 and
>2.5 MeV electrons penetrated to L < 2.5 after a more severe geomagnetic storm (the minimal Dst index is
around −400 nT), which is also shown with PROBA‐V/EPT measurements (Pierrard et al., 2024).

2. Detailed structures of energy spectrum. There are more than 10 energy channels of CIRBE/REPTile‐2 for
electrons at 1.5–4 MeV while there are 2 and 3 energy channels of RBSP/REPT in the same energy range.
Thus, more detailed features of the new electron belt are unveiled by CIRBE's observations.

3. Accompanied by the new proton belt. The new proton belt was observed after the 10 May 2024 storm, which
was associated with a solar energetic proton (SEP) event while no new proton belt was reported during
previous observed remnant belts of electrons.

3.2. Physical Implications of the Long‐Lasting New Electron Radiation Belt

Plasmaspheric Hiss Waves: The scenario for the observations more than 1 month after the super storm is that
electrons with all energies up to 5 MeV were enhanced in the slot region (L ∼ 2.5–3.5) during or right after the
storm (e.g., Pierrard et al., 2024). The plasmasphere was pushed into lower L and recovered after the storm, as
shown by the black curve in the top panel of Figure 3, thus the enhanced electrons stayed inside plasmasphere.
Plasmaspheric hiss interacts with lower energy electrons more efficiently (e.g., Lyons & Thorne, 1973), scattering
them into the atmosphere and would have reproduced the slot region as shown in Figure 1b, except that higher
energy (>1.3 MeV) electrons in that region are not as affected by plasmaspheric hiss. In quiet periods, no chorus
waves or strong EMIC waves are inside the plasmasphere (Halford et al., 2016; W. Li et al., 2016; Saikin
et al., 2016; Shi et al., 2019). Thus, these high energy electrons stayed trapped. The inserted diagram of the
electrons' lifetimes in Figure 1c is from Claudepierre et al. (2020) calculated by an approximate formula in Albert
and Shprits (2009) using pitch angle diffusion coefficients as input:

τ ≈ ∫

π/2

αL

1
2Dαα tan α

dα (1)

where τ is electron lifetime, αL is the equatorial loss cone angle, α is the equatorial pitch angle, Dαα is the bounce‐
averaged pitch angle diffusion coefficient. Figure 4 illustrates how the electron lifetime induced by hiss wave are
obtained and explains the formation of the new belt's inner edge. Figure 4a shows an example of the hiss wave
amplitudes at L = 2–4 given by the empirical model of Spasojevic et al. (2015). Combined with the statistical
frequency spectrum of W. Li et al. (2015), and the wave normal angle spectrum from Ni et al. (2013), pitch angle
diffusion coefficients are calculated using the “Full Diffusion Code” (Ni et al., 2008; Shprits & Ni, 2009). The
calculation results for four selected electron energies (listed in Figure 4c) at L = 2.5 are shown in Figure 4b. Close
to the bounce loss cone (∼11.3° at L = 2.5 indicated by the vertical dashed line), pitch angle diffusion coefficients
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decrease as electron energies increase from 1 to 4 MeV. Based on Equation 1, we can find that pitch angle
diffusion coefficients close to the bounce loss cone (larger 1

tan α values) contribute more to electron lifetime. As a
result, 1 MeV electrons have the shortest lifetime due to the larger pitch angle diffusion coefficients near the loss
cone, while 4 MeV electrons have the longest lifetime, as shown in Figure 4c. At L > 2.5, 1 MeV electrons have
the shortest lifetime while the electron energies corresponding to the shortest lifetime shift to higher electron
energies at L < 2.5. For example, lifetimes of 2 MeV electrons change to shorter than 1 MeV electrons at L ≈ 2.4
since the electron energies interacted with hiss waves increase as L values decrease (Summers et al., 2007; Zhao
et al., 2019). The energy and L‐dependence scattering effects induced by hiss waves leads to the sloped upper
boundary of inner belt electrons (e.g., Reeves et al., 2016). The lifetimes of electrons (Figure 4c) in the new belt
(1.3–5 MeV electrons) due to hiss wave scattering are mostly above 30 days. That is why the new belt showed
only a slight variation from 6/17 (Figure 1b) to 6/20 (Figure 1c). This example shows that the lifetimes of
relativistic electrons depend on their energy and the local plasma density and magnetic field strength. However,
after another magnetic storm on 6/28 the plasmapause likely fell below L = 3.5. Other waves, for example, EMIC
and chorus waves, or enhanced hiss waves may have scattered electrons in the new belt (e.g., Blum et al., 2015;
Breneman et al., 2017; Chen et al., 2022; Hogan et al., 2021; Z. Li et al., 2014) leading to their decay as shown in
Figure 1d. Previous studies also use energy‐dependent scattering effects by hiss waves to explain the slow decay
of remnant belts (Thorne et al., 2013). However, the L range of previously reported remnant belts (generally at
L > 3) is higher than the new electron belt reported in this study. Thanks to the high‐energy‐resolution of CIRBE/
REPTile‐2, the consistency between hiss‐induced electron lifetime contours and energy‐dependent boundaries of
the inner electron belt as well as boundaries of the remnant belts are clearly present, as shown in Figure 1c, which
is re‐plotted as Figure 4e, enlarged and including the contours of lifetime for different energy and L. Lifetime of
electrons as a function of energies at L = 3 is shown in Figure 4d.

Figure 4. (a) Wave amplitude of hiss waves as a function of L when Kp = 2 given by the Spasojevic et al. (2015) model. (b) Calculation results of bounce‐averaged pitch
angle diffusion coefficients induce by hiss waves for four selected electron energies at L = 2.5. (c) Lifetime of electrons scattered by hiss waves as a function of L.
(d) Lifetime of electrons as a function of energies at L = 3. (e) The same lifetime of electrons inserted in Figure 1c but now re‐plotted as a function of L and energies,
including three contours of constant lifetime (in log10 [days]).
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Radial diffusion: We have also investigated the phase space density (PSD) radial gradient for the new belt
electrons (see Figure A1 in Appendix A) to determine if radial diffusion plays a significant role in preserving or
causing their decay. Since CIRBE is in a LEO, it only measures electrons mirroring at or below its position, The
field of view (51°) of REPTile‐2 is ensured to point perpendicularly to the local magnetic field by an active
attitude control system (X. Li et al., 2022; X. Li, Selesnick, et al., 2024). Assuming that the measured electrons are
mirroring at CIRBE's position (a reasonable assumption), the electrons measured at different L have different
equatorial pitch angle. To see the PSD for a given first and second adiabatic invariants, μ and K, we have assumed
an equatorial pitch angle distribution (PAD) of sin (α), where α is the corresponding equatorial pitch angle, based
on statistical study (e.g., Gannon et al., 2007; Zhao et al., 2018). Then we extrapolated the electron flux measured
by REPTile‐2 to the electron flux corresponding to a constant K = 0.97 (G1/2RE) (which is shown in Figure A2 in
Appendix A) and various μ, for example, 80, 100, 150, 240 MeV/G that covers the energy between 1.3 and 5 MeV
in the new belt. We found that the PSD radial profile is rather flat between L = 2.8–4, with some slight positive
radial gradient at L ∼ 4 for lower μ (50–100 MeV/G) but flat for higher μ (150–240 MeV/G) (as shown in
Figure A3 in Appendix A). There is a stronger radial gradient for all μ at lower L ∼ 2.5–2.8. Thus, we conclude
that radial diffusion is negligible as there are very few perturbations, such as ULF waves, at lower L (∼2.5–2.8);
normally there are more perturbations at higher L (∼4); however, the PSD radial gradient there is small and even
slightly positive for lower μ (80–100 MeV/G).

3.3. Space Weather Effects of the Long‐Lasting New Radiation Belts

CIRBE/REPTile‐2 only measured the “tip of the iceberg” or a fraction of the new radiation belts. Most of them
mirror at altitudes above CIRBE's position with larger equatorial pitch angles. Some spacecraft to be placed in
geostationary orbit (GEO) are first placed in a geo‐transfer‐orbit (GTO) and then use electric propulsion to in-
crease their orbit to GEO (Horne & Pitchford, 2015). This process, which can take many months, will expose the
spacecraft to the newly produced MeV electrons and protons in the inner belt and slot region for an extended
period. The new belts likely increase the total radiation dose accumulated by spacecraft and could damage specific
parts of a spacecraft, for example, satellites' solar cells would suffer more radiation damage due to the new proton
radiation belt (Horne & Pitchford, 2015). However, further calculations are needed to quantify the exact effects of
the new electron and proton belt on spacecraft in GTO orbit.

4. Summary
Thanks to the high‐energy‐resolution measurements of REPTile‐2 onboard CIRBE, a new electron belt and new
proton belt were identified, even though CIRBE did not resume measurements until over a month after these new
belts were created. The physical processes creating these belts are to be further investigated, which is beyond the
scope of this paper. The persistence of the new electron belt (1.3–5 MeV) around L = 2.5–3.5 provides a good
case for investigating their lifetimes due to interactions with plasma hiss waves as a function of energy, local
plasma density, and magnetic field strength, as demonstrated by the inserted diagram in the slot region in
Figures 1c and 4 showing the calculated lifetimes due to interaction with plasma hiss waves. The significant decay
after another storm (on 6/28) also provides a good case study for investigating other wave‐particle interactions,
such as EMIC and chorus waves that scatter high energy electrons into the atmosphere, which will be investigated
in the future. The stability of the new proton belt is consistent with current understanding that their loss is mainly
due to collisions with free and bound electrons, which is not significant over the observed period. Thus, the new
proton belt is expected to last much longer, perhaps over a year.

Appendix A
Here we present the processes of calculating the phase space density (PSD) radial gradient for the new belt
electrons, 1.3–5 MeV at L ∼ 2.5–3.5. Since PSD is defined as a function of three adiabatic invariants, L∗ related to
the third adiabatic invariant Φ (L∗ = 2πM

|Φ|RE
) is used to describe PSD. The difference between L∗ and L (i.e., used in

the main text) is less than 0.01 for L < 4 at CIRBE's orbits. To calculate the PSD, based on measurements from
CIRBE, we extrapolate electron fluxes to pitch angles corresponding to a fixed K value, where
K = ∫sḿ

sm

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
Bm − B(s)

√
ds, based on an assumption of the electron equatorial pitch angle distribution. Then PSD is

calculated by f (μ, K,L∗) =
j(E, αeq, L)

P2 , where P is the particle momentum, E is particle energy, μ =
P 2

⊥
2m0B, and M is
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Figure A1. (top row) color‐coded logarithmic electron fluxes measured by CIRBE in the L∗ region from 2 to 4.5, where the new electron belt is included during the same
pass on 6/17 and 6/20 as shown in Figures 1b and 1c, and a similar pass on 6/22; (middle row) extrapolated electron fluxes to equatorial pitch angles corresponding to a
constant K = 0.97 G1/2RE (see Figure A2) during the three passes. Dashed curves represent the contours of μ = 80, 100, 150, and 240 MeV/G; (bottom row) calculated
phase space density of electrons based on CIRBE measurements and extrapolation in equatorial pitch angle for the fixed K as a function of μ and L∗.

Figure A2. Electron flux extrapolations based on a pitch angle distribution assumption. (left) the assumed equatorial pitch angle distribution by sinn(α), where n = 1.016,
fitting the empirical PAD model (Zhao et al., 2018); (middle) corresponding equatorial pitch angles at different L∗ during the three passes. The gray dashed line marks
the pitch angles extrapolated to for the fixed K (0.97 G1/2RE); (right) corresponding K at different L∗ during the three passes. The gray dashed line is at the fixed K value for
extrapolation.
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the Earth's dipole magnetic moment. For this study, K and L∗ are calculated based on the IGRF magnetic field
model. Figure A1 shows the measured flux, extrapolated flux (applied to the flux at all energies), and calculated
PSD for the new electron belt. Figure A2 displays the assumption of pitch angle distribution and the process of
extrapolation for a fixed K. Figure A3 shows the PSD radial profile of the new belt electrons from three indicated
passes.

Data Availability Statement
CIRBE/REPTile‐2 data used to generate all figures can be accessed from X. Li, Xiang, et al. (2024).
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