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The Model: IMPTAM

What do we present?
IMPTAM (Inner Magnetosphere Particle Transport and Acceleration model): nowcast
model for low energy (< 200 keV) electrons in the near-Earth geospace, operating online at

Imptam.fmi.fi

Why this model is important?

Low energy electron fluxes are very important to specify when hazardous satellite surface
charging phenomena are considered.

They constitute the low energy part of the seed population for the high energy MeV
particles in the radiation belts

What does the model provide?
The presented model provides the low energy electron flux at all locations and at all
satellite orbits, when necessary, in the near-Earth space.

What are the drivers of the model?

The model is driven by the real time solar wind and Interplanetary Magnetic Field
parameters with 1 hour time shift for propagation to the Earth’s magnetopause, and by the
real time geomagnetic activity index Dst.



IMPTAM vs GOES 13 MAGED:
electron fluxes (IMF Bz, MLT), (Vsw, MLT

IMPTAM output GOES13 MAGED IMPTAM output GOES13 MAGED
E =40 keV E =40 keV E =40 keV E =40 keV
L 1 1 -I | 6 1 1 -\ | 6 1 1 1 | 1 1 1 6
20 - g 20 - H g g
= = @ 80 = g 5007 I
~ 10 5 © = 107 5 ® £ e £ = 1 5
- = [ = N o M a L
o 0 R 07 _ R 3 600 Ry o B00
m 10 4 52 m 104 . 4 & & &8 B - 4
) 5 ’ t.i.rl:." - £ =400 E = 400+ L
-20 T T t T a = -207 T T m T 3 = = B m— 3
o 6 12 18 24 0 6 12 18 24 o & 12 18 o 6 12 18 24
MLT MLT MLT MLT
E=75keV E=75keV
6 o L 6 o 1 1 1 1 ] 6 o L 1 1 1 1 6
= X = 800 = 800 N
= = " r = -
5 S g s < 600 o S5 = 600
4 ! 4 0 = 4 u_ﬂ & 4
Lol L}
£ -10 £ > 400 £ > a0
3 ‘E’ -20 T T T } T E —— T T =
o & 12 18 24 o 6 12 18 o 6 12 18 24
MLT MLT MLT
E=150ke E = 150 keV/ E =150 keV E =150 keV
1 * 1 | 6 o 1 -\ | o o
20 o = 20 2 c W
L0 5 L 10 3 -
[T = E w0 = E = ? =
4 [i]
-10—_. B "% 10 "% % =
_20_ T il T T 3 E _20 E E

0 6 12 18 24 0 g 12 18 24
MLT MLT MLT MLT

flux
1{cm?2 s srkeV) log

flux

1{cm2 s srkeV)log

flux
1f{cm2 s srkeV)log



9
§
s 6
X5
1
0

Kp index
s s P O O = OO D

=

Kp index

9
g
g
5]
<]
4
3
2
1
0

electron fluxes (Kp, MLT), (SYM-H, MLT)

IMPTAM output

3 1218
MLT

24

IMPTAM vs GOES 13 MAGED:

on

flux
Ticm2 s srkeW) log

flu

1Hcm2 s srkeV)log

flux
1/{cm2 s srkeV) log

Kp index
[ SR TAUN NS, ey B fe vl wl

Kp index

s b P O O GO D

Kp index

9
g
g
5]
<]
4
3
2
1
0

GOES13 MAGED

E =40 keV
| | |
e

MLT
IT:=7|5keY
"-_ -

0 3 1218 24

flux
1icm2 s srkeV) log

flux

1cm2 s srkeV) log

flux
1/{cm2 s srkeV) log

IMPTAM output
E = 40 keV

50

L

= 0
I 50
£ 100
wn
150
MLT
E =75 keV
50 e Y
= J..__
I 50
- e i r
57100 e Bl El
150 s
0 6 12 18 24
MLT
E =150 keV
50| -
T 04
I .50
= I. n
£ 100 Ji=x
w
150
0 6 12 18 24

flux
1Hem2 s srkeV) log

flux
1{cm2 s srkeV) log

flux
1{cm2 s srkeV) log

SYMM, nT SYMM, nT

SYMM, nT

GOES13 MAGED

E = 40 keV
501 E—h
O_ L
50 - =
L cut
2100 = i
150 AT
0 6 12 18 24

MLT
E=75keV
501 =

-50 4 - | L

50

-50
-100
-150

100 = l': 'II.-
150 -

o 6 12 18
MLT

E = 150 keV

flux
1Hem2 s srkeV) log

flu

1{em2 s srkeV) log

flux
1{cm2 s srkeV) log



Number density and temperature of electrons
from THEMIS data and of ions from Tsyganenko
and Mukai [2003] model
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AMC 12 geostationary satellite, CEASE-II

AMC 12 CEASE Il ESA data

February 28 - March 3, 2013

instrument contains an Electrostatic

Analyzer (ESA) for measuring low energy
electron fluxes in 10 channels, 5 - 50 keV.
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e- flux, 1/(cm”2 s sreV)

Electron fluxes observed by AMC 12 CEASE Il ESA instrument
for 15-50 keV energies and modeled

With THEMIS model and Orlova and Shprits [2014] and Orlova et al. [2014]
electron lifetimes
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Summary

1. Arevision of the source model at 10 Re in the plasma sheet was done. The particle data
from THEMIS ESA and SST instruments were analyzed for years 2007-2013 and a new
empirical model for electron temperature and number density in the plasma sheet was
developed. We plan to conduct more validation studies comparing the model output
with data from other satellites which were not used for the development of the model
such as Cluster, Polar, Geotail.

2. Most advanced representation of loss processes for low energy electrons due to wave-
particle interactions with chorus and hiss were incorporated using electron lifetimes
following Orlova and Shprits [2014] and Orlova et al. [2014]. When these losses and
new boundary conditions incorporated into IMPTAM, the modeled fluxes follow
reasonable well the observed ones. The comparison was done for AMC 12 CEASE ||
electron data for 5-50 keV. At the same time, there are time intervals, especially during
storm main phase, when there are deviations of modeled fluxes from the observed. We
plan to continue working under correct loss processes for low energy electrons by
Incorporating pitch angle diffusion coefficients from radiation belts models.



	FMI_first_pages.pdf
	Low energy electrons in the inner magnetosphere:�Recent revisions of IMPTAM model
	Low energy electrons (< 200 keV) in�the inner magnetosphere during�extreme space weather event
	�� 5‐50 keV electrons in the inner magnetosphere: Observations and modeling 
	�� The nowcast model for low energy�(< 200 keV) electrons�in the inner magnetosphere
	�� Advanced modeling of low energy electrons�responsible for surface charging
	�� Metrics of model performance for�electron fluxes (<200 keV) at geostationary orbit
	�� Empirical model for plasma sheet electrons:�Initial results, THEMIS data
	�� Magnetospheric current systems as inferred from SYM and ASY mid-latitude indices


