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Inner Magnetosphere Particle Transport  

and Acceleration Model (IMPTAM) for  

low energy electrons 
(Ganushkina et al., 2013, 2014, 2015) 

 traces electrons with arbitrary pitch angles from the plasma sheet to the inner L-shell  

    regions with energies up to 300 keV in time-dependent magnetic and electric fields 

 

 traces a distribution of particles in the drift approximation under the conservation  

    of the 1st and 2nd adiabatic invariants. Liouville theorem is used to gain information  

    of the entire distribution function 

 

 for the obtained distribution function, we apply radial diffusion by solving the 

    radial diffusion equation  

 

 electron losses: convection outflow and pitch angle diffusion by the electron lifetimes 

 

 advantage of IMPTAM: can utilize any magnetic or electric field model, including  

    self-consistent magnetic field and substorm-associated electromagnetic fields. 

Run online in real time: imptam.fmi.fi 



IMPTAM  

validation example (1) 



IMPTAM  

validation example (2) 





IMPTAM validation example (3) 



field lines out of  
modeling region 

field lines out of  
modeling region 

IMPTAM validation example (4) 



Task 5.3, WP5 (1) 

Task 5.3: Providing the low energy seed population to VERB radiation belts model  

IMPTAM output for VERB: maps in (L, MLT, pitch angle, energy) of low energy electrons 

 

Provided to GFZ as seed keV population for VERB for further accelerations to MeV 

energies, format explained. 
<header 

        step="480"   INSIDE STEP  

        timeRun="57600"   TIME IN SECONDS 

        time="1054224000"> UNIX TIME 

        <data type="grid"> 

                <grid 

                        info="Rs, Re" RADIUS, ACTUALLY, L*, UNITLESS 

                        node="{1 30 3 9}"> 1-LINEAR GRID, 30-NUMBER OF INTERVALS IN R, 3-MIN IN R, 9-MAX IN R 

                        <grid 

                                info="Longitude, deg" LONGITUDE, NOT MLT, STARTS AT NOON, LONGITUDE=0 AT NOON 

                                node="{3 60}"/> FROM 0 TO 2PI, 60-NUMBER OF INTERVALS IN LONGITUDE 

                </grid> 

                <data 

                        type="grid"> 

                        <grid 

                                info="B/Beq, #" THIS IS USED FOR COMPUTING SECOND INVARIANT AND PITCH ANGLE, 1 CORRESPONDS TO 90 DEG PITCH ANGLE 

                                node="[1 1.04 1.09648 1.31826 1.58489 1.90546 2.29087 2.75423 3.31131 3.98107 4.7863 5.7544 6.91831 8.31764 10 12.0226 14.4544 17.378 20.893  

25.1189 30.1995 36.3078 43.6516 52.4807 63.0957 75.8578]"> 

                                <grid 

                                        info="MagMoment, keV/nT" MAGNETIC MOMENT, NOT ENERGY 

                                        node="{2 45 0.002 6}"/> 2-LOGARITHMIC, 45-NUMBER OF INTERVALS IN MAGNETIC MOMENT, 0.002-MIN, 6-MAX 

                        </grid> 

                        <data 

                                type="unit" 

                                info="phaseden, f"/> TO COMPUTE FLUX WE NEED TO MULTIPLY F BY ENERGY, SO WE WILL HAVE FLUX IN UNITS 1/CM2 S SR KEV 

                </data> 

        </data> 

</header> 

 

The output is a 4D array [R, lon, B/Beq, magmoment] where magmoment is innest index. 



Task 5.3, WP5 (2) 

Illustration of omnidirectional fluxes for 10keV as a function of radial distance and MLT, 

Sent by N. Aseev (GFZ). 



Selected event for modeling 



AMC 12 – IMPTAM comparison 
March 16-18, 2013 

March 16       March 17       March 18 



Task 5.3, WP5 (3) 

VERB code utilizes the seed population and make its own verification. Coupled VERB and  

IMPTAM are validated against observations in the heart of the outer radiation belts.  

VERB-IMPTAM will form alternative to NARMAX-VERB combination of codes. 



Task 5.4, WP5 (1) 
Task 5.4: Developing a trial version of forecast model for low energy electrons 

 

IMPTAM is driven by the real time  

solar wind and IMF parameters,  

such as, 

Nsw, PSW, VSW, IMF BY, BZ, and B_IMF 

 

AWSoM + SWIFT Predictions 

https://warwick.ac.uk/fac/sci/physics/ 

research/cfsa/people/bennett/swift-data 

 

Task at present: 

Getting the predictions correctly in real time 

satellite "Earth" 

end_date "2017-12-07T12:08" 

arrays 

Temperature_ion {…} 

Energy_electron {…} 

Time {…} 

Y_Position {…} 

Z_Position {…} 

Temperature_electron {…} 

Energy_ion {…} 

Unix time {…} 

Pressure {…} 

Pressure_ion {…} 

Rho {…} 

Bx {…} 

By {…} 

Bz {…} 

Vx {…} 

X_Position {…} 

Pressure_electron {…} 

Cs {…} 

Vy {…} 

Vz {…} 

co-ordinates "Cartesian" 

swift_version "0.1.4" 

start_date "2017-11-23T12:04" 

output_version 2 

magnetogram_date "2017-12-03T12:03" 

co-ordinate system "GSM" 

swift_run_date "Sat Nov 25 05:01:17 2017" 

swift_commit_id "v0.1.4-616-gdb0248c-dirty" 

https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data
https://warwick.ac.uk/fac/sci/physics/research/cfsa/people/bennett/swift-data


Task 5.4, WP5 (2) 

Task 5.4: Developing a trial version of forecast model for low energy electrons 

 

IMPTAM is driven by the real time by geomagnetic indices, such as, 

(1) hourly values of the Dst index (magnetic field model in the magnetosphere); 

(2) 3-hour Kp index (empirical parameterizations for electron lifetimes for electron losses); 

(5) 1 minute AE index (to determine timings to launch electromagnetic pulses to reproduce  

substorm changes for additional electron acceleration). 

 

Task right now:  

Getting the predictions correctly in real time from IRF Lund 



IMPTAM as a forecasting tool architecture 
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