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REFERENCES:
 Read a review on radiation belt radial diffusion at Earth and 

beyond: https://doi.org/10.1007/s11214-020-0642-6
Read the full-text view-only version for free: 
https://rdcu.be/b1IHO

 Download the time series of high time resolution DLLs over the 
past 25 years (1995-2019): 
https://doi.org/10.5281/zenodo.3731708

 Read the scientific method underlying the work + Figures
https://doi.org/10.1029/2020JA027893

INTRODUCTION:
An increasing number of spacecraft operate through or within the terrestrial radiation 
belts, a region where charged energetic particles are trapped in the Earth's magnetic 
field. Computer codes simulate this dynamic radiative environment, with the 
objective of improving spacecraft design and understanding spacecraft anomalies. 
These codes are physics-based models. That is, they solve a master diffusion equation 
using a series of inputs that summarize the effects of different physical processes on 
particles. One of the key inputs to these codes is the radial diffusion coefficient. Yet its 
formulation is currently limited: It is an average, obtained by interpolating a few 
experimental data points, and the time resolution is no better than 3 hr. By detailing 
the physics underlying radial diffusion in a simple scenario, this work provides a new 
quantification for the radial diffusion coefficient. The time resolution is improved, and 
the coefficient variability is enhanced. 

Scientific ChallengeSpace Weather Challenge

Model Objective:
Detailed event analysis 

Model Requirement:
The model needs to be accurate
Needs tailored information on radial 
diffusion

Solution for DLL Specification:
Event-specific DLL

Limitations of the Approach:
costly, sparse info on DLL
may be out of reach (specific simu., 
data sets)

Model Objective:
Long-term radiation belt dynamics

Model Requirement:
The model needs to be operational
Needs continuous information on 
radial diffusion

Solution for DLL Specification: 
Statist. model (Brautigam & Albert)

Limitations of the Approach:
rough approximation of DLL
(average + time resolution limited - 3h 
or so)

RESULTS:
• A theoretical model has been developed in which electromagnetic radial 

diffusion is controlled by the magnetopause immediate time history. 

• With the magnetopause controlled by the solar wind, the diffusion coefficients 
per Kp index average similarly to the existing standard (Fig.1). The time 
resolution is improved, and the coefficient variability is enhanced. (Fig.2)

• A time series of electromagnetic radial diffusion 
coefficients with a 1-min time resolution has been 
created for the years 1995–2019.

Fig.1 Statistical characterization of electromagnetic radial diffusion in 2013, 
as a function of the 𝐾𝐾p index, for a population of drift frequency 𝛺𝛺 =1 mHz.

The results are compared with Brautigam and Albert’s formula (in red) 

Fig.2 DLL as a function of the day of the year in 2013. The (NEW) radial 
diffusion coefficients determined as a function of the solar wind immediate 

time history are in black. The radial diffusion coefficients determined by 
Brautigam and Albert's (2000) empirical formula (B&A) are in red.

APPROACH:

[Brautigam and Albert, 2000] 

[Lanzerotti & Morgan 1973 ; Lanzerotti et al. 1978]

[Fälthammar, 1965, 1966,1968]

DLL is determined by the time history of the asymmetry  A(t) 
(δB(t) = S(t)+A(t)r cos ϕ)

+ A(t) is determined by magnetopause location

Interpolation of 

Experimental Evaluation of

Shue et al.[1997,1998]: 
Magnetopause determined by the 

solar wind parameters (S.W.(t)) 

DLL is determined by the time 
history of the Solar Wind(t) 

= LOW-COST DLL!
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Trusted ref for DLL = 

Pros: (*) Fast and Cheap (no specific data sets besides S.W. recent time history, no 
simulations), (*) “Event-Specific” (*) dependence on energy, pitch angle described

Cons: (*) Does not take into account the effect of variations in the electric potential

Pros & Cons: (*) Similar to B&A on average (B&A is a trusted formula. Yet, based on 
a simplistic model for the ELM fields) (*) High Time Resolution (rebin as a function 
of any magnetic activity index - Limit: time resolution vs time step for the code)
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