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Abstract Chorus waves induce both electron acceleration and loss. In this letter, we provide significantly
improved models of electron lifetime due to interactions with chorus waves. The new models fill the gap that
previous models have on some magnetic local time (MLT) sectors of the Earth's magnetosphere. This
improvement is critical for modeling studies. The lifetime models developed using two different methods are
valid for electrons with an energy range from 1 keV to 2 MeV. To facilitate the integration of these new models
into different ring current and radiation belt codes, we parameterize the electron lifetime as a function of L‐shell
and electron kinetic energy at each MLT and geomagnetic activity (Kp). The parameterized electron lifetimes
exhibit strong dependencies on L‐shell, MLT, and energy. Simulations using these new models demonstrate
improved agreement with satellite observations compared to simulations using previous models, advancing our
understanding of electron dynamics in the magnetosphere.

Plain Language Summary There are a large number of energetic electrons trapped by our Earth's
magnetic field in the near‐Earth space. The regions populated by these high energy electrons are called ring
current and radiation belts. It is important to understand the dynamics of the energetic electrons because they can
be dangerous to satellites and astronauts flying through these regions. Electromagnetic waves in these regions
play an important role in the dynamic of ring current and radiation belt electrons. Among these waves, whistler
mode chorus wave is an important wave that can cause both acceleration and loss of the energetic electrons. In
our previous studies, we calculated diffusion coefficients to quantify the effect of chorus waves on the energetic
electrons. Based on these diffusion coefficients, in this study, we estimate the lifetime of energetic electrons due
to their interactions with chorus waves. To make this lifetime model more convenient to be used in different ring
current and radiation belt models, we apply polynomial fits to the calculated lifetime. Our new lifetime model is
more advanced than previous models, especially in the space coverage. We test the new models in simulations
and the results agree better with satellite observations than the previous models do.

1. Introduction
The energetic electrons in the Earth's outer radiation belt and ring current can be very dynamic and show a very
strong dependence on the geomagnetic conditions. The flux of the energetic electrons can vary by several orders
of magnitude in the time scale of days to hours, especially during geomagnetic storms (e.g., Reeves et al., 2003).
Wave‐particle interactions play an important role in the dynamic evolution of the energetic particles. In particular,
chorus waves can cause both energy and pitch‐angle diffusion of energetic electrons (e.g., Millan & Baker, 2012;
Shprits et al., 2008; Thorne, 2010). Diffusion in pitch‐angle can transport electrons into their loss cones, where
they collide with atmospheric particles and are lost from the inner magnetosphere. Outside the plasmasphere,
pitch‐angle scattering by chorus waves is one of the dominant loss mechanisms of high‐energy electrons (e.g.,
Albert, 2005; Horne & Thorne, 2003; Thorne et al., 2005). Quasi‐linear diffusion coefficients can be calculated to
quantify these processes, using statistical global distribution of chorus waves (e.g., Albert, 2005; Glauert &
Horne, 2005; Shprits, Thorne, et al., 2006; Summers, 2005; Wong et al., 2024; Zhu et al., 2019). Diffusion
coefficients can be used to simulate the dynamics of energetic electrons by solving the 3‐dimensional (3D)
Fokker‐Plank equation. Here, the 3D diffusion means diffusion in radial, pitch‐angle (PA) and momentum
(energy) dimensions with mixed PA‐energy diffusion. However, full 3D diffusion simulations are computa-
tionally expensive and may pose challenges for certain applications, such as real‐time nowcasting. Furthermore, if
the focus of a study is the precipitation caused by chorus waves, full 3D diffusion is not necessarily needed. In this
situation, electron lifetimes computed based on bounce‐averaged quasi‐linear diffusion coefficients (e.g., Albert
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& Shprits, 2009; Glauert et al., 2024; Gu et al., 2012; Orlova & Shprits, 2014; Shprits et al., 2007) can be used.
The term “lifetime” is not only used to describe the decay time of trapped particles, but also useful to calculate
precipitation of them.

Before the launch of the Van Allen Probes mission, the global distribution of chorus waves was provided by the
measurements from several satellite missions, for example, the Combined Release and Radiation Effects Satellite
(CRRES) mission, the Time History of Events and Macroscale Interactions during Substorms (THEMIS)
mission, the Cluster mission and the Polar satellite. Some chorus wave models have been developed by using data
from CRRES (e.g., Li et al., 2007; Meredith et al., 2003; Meredith et al., 2004). Based on these models, Shprits
et al. (2007) calculated lifetime of electrons with energies between 100 keV and 2 MeV. In that study, they
considered lower‐band chorus waves in the magnetic local time (MLT) region of 0,600–1,500. Based on ob-
servations from CRRES, THEMIS satellites (Li et al., 2009, 2011), Polar satellite (Bunch et al., 2011), and
simulation studies (Ni et al., 2011a, 2011b), Gu et al. (2012) extended the energy range of parameterized electron
lifetimes to 1 keV ‐ 2.0MeV by taking oblique lower‐band and upper‐band chorus waves into account. The chorus
wave parameters in Gu et al. (2012) are taken from those studies under geomagnetic active conditions and then
scale to other geomagnetic conditions with magnetic intensity following Subbotin et al. (2010). Using the chorus
wave model developed by Spasojevic and Shprits (2013), Orlova and Shprits (2014) computed lifetimes of
1 keV–2 MeV electrons in 4 MLT sectors. These parameterizations of wave models and electron lifetimes have
been widely adopted in many radiation belt modeling works (e.g., Drozdov et al., 2017, 2021; Kim et al., 2012;
Ozeke et al., 2018; Ripoll et al., 2016; Shprits et al., 2009; Subbotin et al., 2011; Xiao et al., 2009), and the
simulation results have shown reasonable agreement with the electron fluxes observed by satellites. Recently,
Aseev et al. (2019) and Haas et al. (2022) performed simulation for ring current electrons using the electron
lifetime provided by Gu et al. (2012) and Orlova and Shprits (2014), respectively, to account for the electron loss
caused by chorus waves. However, these electron lifetime models have gaps inMLT. It is necessary to make some
assumptions of lifetime in those MLT gaps.

Using more than 5 years of Van Allen Probe data, which covered all MLTs, Wang et al. (2019) developed chorus
wave models with MLT, L (approximately the distance from the center of the Earth at the geomagnetic equator,
normalized by the Earth radii), geomagnetic latitude and Kp dependence. However, the maximum geomagnetic
latitude of the chorus wave models fromWang et al. (2019) is 20°, due to the orbit limitation of Van Allen Probes.
Referring to observations from the Cluster satellites (Agapitov et al., 2018), Wang and Shprits (2019) extended
the chorus wave models to high latitudes and showed that chorus waves at high latitudes play an important role in
the loss of MeV electrons by calculating diffusion coefficients (see details in Text S1 in Supporting Informa-
tion S1) and performing 1 year long‐term 3‐dimensional (3D) Fokker‐Plank simulation. Using these diffusion
coefficients, Wang et al. (2020) performed 3D simulations for the radiation belt dynamics for different challenge
events selected by the U.S. National Science Foundation's Geospace Environment Modeling (GEM) focus group
“Quantitative Assessment of Radiation Belt Modeling” (Tu et al., 2019). The 3D simulation has been extended for
several years during the Van Allen Probe era (Shprits et al., 2022, see their Figure 27). The simulation results
agree well with satellite observations. The electron lifetime model presented in this paper offers a significantly
simpler way of taking into account the loss of energetic electrons caused by chorus waves, for simulating radiation
belt and ring current dynamics. The MLT dependence of trapped electrons with energies higher than several
hundred keV can be small. However, their precipitation is still MLT‐dependent, which is one of the important
reasons that we need to develop MLT‐dependent electron lifetime models. Accurate simulation of MLT‐
dependent precipitation is important for the study of magnetosphere‐ionosphere coupling. In Section 2, using
the quasi‐linear diffusion coefficients which has been validated by several studies (Shprits et al., 2022; Wang
et al., 2020; Wang & Shprits, 2019), we calculate the lifetime of electrons due to their interaction with chorus
waves. To facilitate the usage of our model in 4‐D convection or particle tracing codes, in Section 3, we
parameterize the lifetimes using regression and polynomial fit following previous studies (Gu et al., 2012; Orlova
& Shprits, 2014; Shprits et al., 2007). Table S1 in Supporting Information S1 briefly summarizes these previous
and current efforts of lifetime parameterization due to interaction with chorus waves. We compare the param-
eterized electron lifetime caused by the chorus waves from our current study and previous studies in detail in
Section 4. Simulations using different lifetime models have been performed. We validate the simulation results
against the satellite observations. Section 5 discuss the limitations and caveats of the electron lifetime approach.
Section 6 summarizes our current work.
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2. Methods
2.1. Estimation of Electron Lifetimes

Shprits, Li, and Thorne (2006) showed that when the pitch‐angle diffusion coefficient (as a function of the
equatorial pitch‐angle, α) has no pronounced local minima below 1/10th of the pitch‐angle diffusion coefficient
near the edge of the loss cone, the pitch‐angle distribution of phase space density decays exponentially with the
same rate at all equatorial pitch‐angles, preserving the shape of the distribution function (see Figure S1 in
Supporting Information S1). In this situation, the approximate lifetimes of the electrons can be evaluated as:

τLC =
1

Dαα (αLC)
, (1)

where Dαα (αLC) is the bounce‐averaged pitch‐angle diffusion coefficient at the edge of the loss cone. In a dipole
field assumption, an approximation of the equatorial loss cone can be given by

αLC = arcsin
L− 3

2

(4 − 3/L)
1
4
(rad) (2)

at a specific L.

Black lines in Figure 1 show examples of pitch‐angle diffusion coefficients as a function of equatorial pitch‐angle
for electrons at 0.9 MeV and Kp = 3, L = 5 in different MLTs (MLT = 6, 9, 12, 15 in panels a–d, respectively).
The pitch‐angle diffusion coefficient profiles at MLT 6 (panel a) and 9 (panel b) exhibit minima at intermediate
pitch‐angles, which are labeled using red dots in these panels. The pitch‐angle diffusion coefficients at MLT 12
(panel c) and 15 (panel d) have minimum value near the 90° equatorial pitch‐angle. The chorus waves on the
dayside and the duskside have less power near the equator than those at higher latitudes (Wang et al., 2019). Thus,
the pitch‐angle diffusion coefficients are significantly smaller for electrons trapped near the equator on the
dayside and duskside. In Figure 1, the loss cone pitch‐angles are highlighted using a red vertical line in each panel.
To compare Dαα (αLC) with the local minima Dmin at intermediate pitch‐angles, we plot Dαα (αLC) using “+”
marker at the pitch‐angle where the local minima exists in panels (a) and (b) of Figure 1. In Figure 1a, Dαα (αLC)
indicated by+ is very close toDmin indicated by the red dot. In Figure 1b, they are in the same order of magnitude.
In Figures 1c and 1d, where Dmin are close to 90°, we plot Dαα (αLC) at intermediate pitch‐angles.

Albert and Shprits (2009) investigated the situation where pitch‐angle diffusion coefficients have a deep mini-
mum at some equatorial pitch‐angle (α∗). They show that in this situation the electron lifetime (τ∗) can be
estimated as

τ∗ ≡∫
π/2

αLC
dα

cos α
2Dαα sin α

. (3)

This formula suggests that the lifetime will be determined mostly by the minimum value of 2Dαα tan α. Blue lines
in Figure 1 showDαα × tan α. We calculated 1/τ∗ and show them as green circles in Figure 1. It can be seen that,
when the local minima is not deep, the differences between τLC indicated by “+” and τ∗ (green circles) are not
significant, as shown in Figures 1a–1c. This is consistent with Albert and Shprits (2009), who found that the τLC is
a good approximation of electron lifetime for small and moderate step minima. It only breaks down when the step
minima is smaller than 1

10DLC and wide enough (∼40° width), which is the case in Figure 1d. In this situation, the
pitch‐angle diffusion coefficients near the 90° are so small that the corresponding electrons practically do not
diffuse. As a result, the equilibrium pitch‐angle distribution cannot be reached only by interactions with chorus
waves at this MLT. The lifetime calculated using Equation 3 in this case is longer than 100 days (the inversion of
the value indicated by the green circle), while the lifetime estimated using Equation 1 is several days. However,
there can be other waves in space that the particles encounter (e.g., magnetosonic waves) or other mechanisms
(e.g., bounce resonance) which can cause the diffusion of electrons near 90° pitch‐angle.
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2.2. Strong Diffusion Limit

Electrons with pitch angles smaller than the loss cone (αeq < αlc) will be lost on average a quarter of their bounce
period τB. In the strong diffusion regime, the speed of the particles coming into their loss cones is comparable or
even faster than their atmospheric loss rate. The calculated lifetime should not be shorter than the lifetime in the
strong diffusion limit. We compare the calculated electron lifetime with the strong diffusion limit τSD = 1/DSD
defined by Kennel (1969). The strong diffusion coefficient (DSD) is reasonably given by Summers and
Thorne (2003) as follows:

Figure 1. The four panels in this figure share the same format. The x‐axis of each panel shows the equatorial pitch‐angle with the unit degree. The y‐axis shows the pitch‐
angle diffusion coefficients. Panels (a)–(d) show diffusion coefficients at different MLTs (6, 9, 12, 15) for electrons with energy near 0.9 MeV, at L = 5 and Kp = 3.
Black lines in each panel show the pitch‐angle diffusion coefficients, while blue lines show diffusion coefficients multiplied by tan α. Loss cone angle are indicated by
the red vertical lines. We also show diffusion coefficients near the loss cone (DLC), the inverse of estimated life time (τ∗) using Equation 3, and the minima (Dmin) in the
pitch‐angle diffusion coefficient profile in the intermediate pitch‐angle.
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DSD ≈
9.66
L4
[

4L
4L − 3

]

1
2 [E(E + 2)]

1
2

E + 1
( s− 1), (4)

where E = Ek/mec2 is the kinetic energy with unit of its rest energy mec2. We calculate the strong diffusion limit
τSD = 1/DSD. When the calculated lifetime is shorter than the lifetime predicted by the strong diffusion, we
replace the calculated lifetime with the lifetime predicted by the strong diffusion. Two examples of the final
electron lifetime that we obtained in this section are color‐coded in the panels in the first row of Figure 2. The x‐
axis of these panels are the kinetic energy of electrons in the unit of keV. The y‐axis of these panels are the L‐shell.

Figure 2. The electron lifetime caused by chorus waves at MLT = 15 and Kp= 4. The six panels in this figure have the same format. The x‐axis of each panel shows the
kinetic energy of electrons. The y‐axis shows L− shell value. Colorbars in the top four panels show the electron lifetime in the unit of days. Panels in the first row show
calculated electron lifetime using two different methods in two columns. Panels in the second row show the parametrized electron lifetime. Panels in the third row show the
normalized difference between the calculated and parametrized electron lifetime.
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We show electron lifetime at Kp= 4 andMLT= 15. The left column shows the electron lifetime calculated using
Equation 3, while the right column shows the electron lifetime calculated using Equation 1. Lifetimes longer than
300 days are not shown since such long lifetime leads to negligible losses. Comparing these two panels, we can
see that at MLT= 15, the lifetime calculated using the two methods are significantly different, which is consistent
with Figure 1d. We can also see that the electron lifetime has a strong dependence on L and energy of electrons. In
particular, the lifetimes for electrons with lower energy (<100 keV) range from hours at higher L (L> 5) to days at
lower L (L< 5). In the heart of the radiation belt (L ≈ 4), the lifetime calculated using Equation 1 varies from
hundred days for electrons at tens of keV to several hours for electrons at 100–300 keV. During this storm time
(Kp = 4), the lifetimes for higher energy >100 keV electrons range from hours at 100–300 keV to days for
electrons with energy higher than 500 keV.

3. Electron Lifetime Parametrizations
The complete electron lifetime dataset provided in the last section can certainly be used to conduct a simplified
simulation. However, it requires the matching of the tabular data with the simulation grid. To provide a
convenient form of calculated electron lifetime, and to investigate the functional dependence of the electron
lifetime on the electron kinetic energy and L− shell value, we parametrize the electron lifetime as a function of
them at each MLT and Kp. The coefficients of the parameterized equations are derived using the linear regression
technique in a similar way as in Shprits et al. (2007) and Gu et al. (2012). Panels in the second row of Figure 2
illustrate the parameterized lifetime at MLT = 15 and Kp = 4. In general, the parameterized lifetimes agree well
with the calculated lifetimes. To quantify the difference between them, we calculate the difference between the
calculated lifetime and the parameteried lifetime, but normalized by the calculated lifetime, which is shown in the
panels in the third row of Figure 2. In the left column of Figure 2, the accuracy of the parameterization is within
50% above L = 5.5 for electrons with energy from 3 to 100 keV and from 300 keV to MeV. In the right column,
for energies higher than 20 keV at L< 5 and for energies higher than several keV at L> 5, our parameterization is
accurate to within 50%. The error is very low compared to the inaccuracy from uncertainties associated with wave
models and electron density models (Shprits et al., 2007).

4. ComparisonWith Previous Parametrization of Electron Lifetime Caused by Chorus
Waves
In comparison with previous studies that have provided the electron lifetime due to interactions with chorus waves
(e.g., Gu et al., 2012; Orlova & Shprits, 2014; Shprits et al., 2007), our current research stands out in one sig-
nificant way: it extends the model to cover the afternoon to dusk side. This sector was not addressed before due to
the limitation of the wave measurements and data availability. Figure 3 shows an example of comparing the
parameterized lifetime by this study with twomethods (panels (c) and (d)) and previous studies (panel (a) fromGu
et al. (2012) and panel (b) from Orlova and Shprits (2014)) for electrons with an energy at 50 keV and when
Kp = 5. In Figure 3, the Sun is to the left and we are looking down at the Earth from the north pole. The electron
lifetime is color‐coded in these dial plots in a logarithmic scale in the unit of days. The inner boundary of these
color‐coded plots are at 3 Earth Radii (RE) from the center of the Earth, and the outer boundary at 6 RE. Figure 3a
shows that the electron lifetime model provided by Gu et al. (2012) covers MLT from 0 to 12. Figure 3b shows
that the electron lifetime model provided by Orlova and Shprits (2014) covers MLT regions from night side to the
noon sector, but still has a gap in the dusk to evening sector. The electron lifetime model provided by this study
shown in Figures 3c and 3d covers all the MLT regions, which is a significant improvement comparing with those
previous electron lifetime models. In general, the electron lifetime in the MLT sectors covered commonly by
these models agree well with each other. In the dusk to evening sectors, electron lifetime provided in this study but
calculated using two methods differ from each other. The reason is that, in these MLT sectors, the diffusion
coefficients have minimum values near 90° pitch‐angle, which results in larger calculated electron lifetime
following Equation 3 but does not influence lifetime estimated using Equation 1.

To test the effect of the different electron lifetime models, we have performed simulations for ring current
electrons with energies at 10 s of keV using the four dimensional Versatile Electron Radiation Belt (VERB‐4D)
code (Shprits et al., 2015). We performed simulations for a relatively geomagnetically quite period (see Figure 4a)
in order to eliminate the uncertainties from convection electric field model during geomagnetic storms. For the
full description of the VERB‐4D model and the exact setup of the simulations, we refer to previous work (Haas
et al., 2023) and Text S2. Figure 4 presents the results of the simulations using all four electron lifetime models
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(Gu et al. (2012); Orlova and Shprits (2014), and electron lifetime using method 1 and 2 in this study).We validate
our simulation results against observations from RBSP‐B satellite. Figure 4b shows the distance of RBSP‐B from
the center of the Earth in RE. Panels c–e show the observed flux (black line) and simulated flux (other colors) for
electrons at 10 keV, 25 and 50 keV. We calculated the root mean square error (RMSE) to validate the simulation
results against observations and they are shown with the color‐coded texts in the panels. From these values we can
see that the simulations using the electron lifetime models developed in this study agree better with the obser-
vation. This shows that the electron lifetime models developed in this study should be used in future simulation
studies.

5. Discussions and Caveats
Please note that the lifetime model provided in this paper is dedicated to describe the important precipitation loss
caused by chorus waves. To model the total loss of energetic electrons, contributions of other waves need to be

Figure 3. An example of comparing the parametrized lifetime provided by current study with two different methods and
previous studies, for electrons with kinetic energy at 50 keV and at Kp= 5. The inner boundary of these color‐coded plots are
at 3 Earth Radii (RE) from the center of the Earth, and the outer boundary at 6 RE . The Sun is to the left and we are looking
down at the Earth from the north pole. Panel (a) shows the results from the electron lifetime model from Gu et al. (2012). Panel
(b) shows the electron lifetime provided by Orlova and Shprits (2014). Panel (c) illustrates the parameterized electron lifetime
from this study. The method of calculating electron lifetime from diffusion coefficients is following Albert and Shprits (2009).
Panel (d) depicts the electron lifetime provided by this study. The electron lifetime used in this panel is calculated from the same
diffusion coefficients as those in panel (c) but using the method provided by Shprits et al. (2007).

Geophysical Research Letters 10.1029/2023GL107991

WANG ET AL. 7 of 12

 19448007, 2024, 19, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2023G

L
107991 by H

elm
holtz-Z

entrum
 Potsdam

 G
FZ

, W
iley O

nline L
ibrary on [01/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



included. In the simulations shown in Figure 4, loss induced by hiss waves has been included using the lifetime
model due to interaction with hiss waves referring to Orlova et al. (2016). Effects of EMIC waves are not included
in this particular simulation because here we focus on electrons at relatively lower energies (≤ 50 keV) while
effects of EMIC waves on electrons at these energies are not significant (e.g., Shprits et al., 2022; Wang
et al., 2020).

Here we also discuss the caveats of the lifetime approach. It is a standard concept that long‐time pitch angle
diffusion toward the loss cone leads to exponential decay as shown in Figure S1 in Supporting Information S1 and
previous literature (e.g., Shprits et al., 2008). For 10 s of keV ring current electrons, this exponential decay time
can be comparable with their drifting time in each MLT sector if one compares the lifetime calculated in each

Figure 4. (a) Geomagnetic index Kp from April 15 to 17 April 2017. (b) The distance of RBSP‐B from the center of the Earth
but normalized by the Earth radii (RE). (c)–(e) The observed flux (black line) by RBSP‐B and simulated flux by VERB‐4D
(other colors) for electrons at 10 keV, 25 and 50 keV.
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MLT sector shown in Figure S1 in Supporting Information S1 and the drifting time shown in Figure S2 in
Supporting Information S1. But the lifetime approach only captures the slowest timescale of the diffusion
operator; it ignores the relaxation to the lowest eigenmode, which is especially important if the goal is to capture
rapid, drift‐resolved dynamics. It also ignores energy diffusion, which is a crucial part of chorus waves acting on
electrons. We have performed simulation tests using the lifetime approach and the full diffusion approach.
Figures S3‐S6 in Supporting Information S1 compare the results. Details of the code description, simulation set up
and related discussion can be found in Text S2, S3. The lifetime approach can reasonably calculate the precip-
itation flux but may underestimate the trapped particles. Trapped electrons with higher energies can drift faster
than the time scale of PA diffusion. For electrons with energy higher than 200 keV, the trapped population doesn't
show MLT dependence. However, the MLT‐dependent lifetime is not only for the calculation of trapped elec-
trons, but also for the precipitation of energetic electrons, which show MLT dependence even at MeV energies.

We calculate the electron lifetime due to their interactions with upper‐ and lower‐band chorus waves based on the
quasi‐linear theory using empirical wave and plasma density models (Sheeley et al., 2001; Wang et al., 2019).
There are some studies comparing the classical quasi‐linear diffusion coefficients and those calculated using test
particle codes. For example, Tao et al. (2011) followed the trajectories of a large number of electrons in a
numerically constructed, broadband, small‐amplitude wave field, using a general relativistic test particle code.
Their results showed the change in pitch angle and energy of each electron was stochastic and the resulting
diffusion of the entire population was in excellent agreement with quasi‐linear theory. Recently, using test particle
simulations, Cai et al. (2020) investigated the effects of nonlinear resonance broadening on interactions between
whistler mode waves and energetic electrons for the first time. They found that resonance broadening effects are
important for large pitch angles near 90°. Thus, diffusion coefficients calculated from test particle simulations
may be different from those calculated using quasi‐linear theory only at large pitch‐angles. As a result, only those
lifetime evaluated following Albert and Shprits (2009) will be influenced because Equation 3 take into account
diffusion coefficients at large pitch‐angles, while the electron lifetime evaluated following Shprits et al. (2007)
will not be influenced because the diffusion coefficients near the loss cone is similar using quasi‐linear theory and
test particle simulations.

6. Summary
In this paper, we present the updated global electron lifetime based on recent chorus wave models from the Van
Allen Probe observations (Wang et al., 2019) and assumptions of the chorus wave distribution at high latitudes
followingWang and Shprits (2019). These assumptions are referred to chorus wave observations from the Cluster
satellite (Agapitov et al., 2018) and have been validated in both long‐term (1 year in Wang and Shprits (2019) and
several years in Shprits et al. (2022)) and challenging event radiation belt simulations (Wang et al., 2020).

The new lifetime model covers all MLTs, which is a significant improvement comparing with previous lifetime
models regarding the precipitation loss caused by chorus waves (e.g., Gu et al., 2012; Orlova & Shprits, 2014;
Shprits et al., 2007). The calculated lifetime is valid for all MLT sectors, Kp ≤ 6 and L∈ [3,6] and is provided to
our community via data publication (Wang et al., 2022). To facilitate the usability of the presented model we
provide the parameterization of the electron lifetime as polynomial functions of kinetic energy of electron and
L− shell at each MLT and Kp in Wang et al. (2023). Using the new lifetime models can improve the agreement
between simulations and observations. This new lifetime is very important for the calculation of MLT dependent
precipitation, which is a crucial part of the magnetosphere‐ionosphere‐thermosphere coupling. The calculated and
parametrized lifetime model presented in this paper has been tested using the VERB‐4D code. By performing
multiple simulations using the electron lifetime provided by the current study, Haas et al. (2023) revealed a
missing dusk‐side loss process in the Earth's ring current electrons. This lifetime model is also now used by the
Multiscale Atmosphere‐Geospace Environment Model (MAGE) code at the Center for Geospace Storms (CGS)
and will be used in other models in future.

Acronyms
MLT Magnetic Local Time.

MLat Magnetic Latitude.

UBC Upper‐band Chorus.
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LBC Lower‐band Chorus.

PA Pitch Angle.

EMFISIS Electric and Magnetic Field Instrument Suite and Integrated Science.

PP Plasmapause.

CRRES Combined Release and Radiation Effects Satellite.

THEMIS Time History of Events and Macroscale Interactions during Substorms.

RE Earth Radii.

VERB‐4D code four dimensional Versatile Electron Radiation Belt code.

Data Availability Statement
As stated in the paper, the calculated lifetime database is available for usage as a data publication (Wang
et al., 2022). We also provide the coefficients of the polynomial fits of calculated electron lifetime in our data
publication Wang et al. (2023). The full diffusion code (FDC) and the Versatile Electron Radiation Belt (VERB)
code for the numerical simulations is available at this website: https://rbm.epss.ucla.edu/downloads/.
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