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Low energy electrons in the inner magnetosphere

* The distribution of low energy electrons, the seed population (10 to few
hundreds of keV), is critically important for radiation belt dynamics.

» Surface charging by electrons with < 100 keV can lead to discharges within
and on the surface of the outer spacecraft layers that can cause significant
damage and spacecraft anomalies.

» Satellite measurements cannot provide continuous measurements.

» With the development of the Inner Magnetosphere Particle Transport and
Acceleration model (IMPTAM) for low energy particles in the inner
magnetosphere
[Ganushkina et al., AnnGeo, 2005, JGR, 2006, AnnGeo, 2012, JGR, 2013],
the computational view on the low energy electron fluxes important for
radiation belts at L=2-10 is now feasible.



Inner Magnetosphere Particle
Transport and Acceleration Model (1)

boundary conditions:
InnerMag model S L Sowees 71 | plasma sheet

Grid: 2-10 Re. all MLT | initial distribution

E=100eV —400 keV

PA=0°—-90° losses | charge exchange

Species: H+. e, He+.

He++ O+ —— | Coulomb collisions
electric _ Fields ——| atmospheric loss
large-scale ——| PA diffusion by lifetimes

_ \ S/C
tlalectrl-‘.: _— magnetic | escape from MP
mductive
, | transport convection
magnetic Mﬂgﬂ?“c ——| under inductive fields
large-scale inductive
radial diffusion

_ ionosphere/thermosphere



Inner Magnetosphere Particle Transport
and Acceleration Model (2)

¢ traces ions and electrons with arbitrary pitch angles from the plasma sheet to the
iInner L-shell regions with energies up to hundreds of keVs in time-dependent
magnetic and electric fields

¢ traces a distribution of particles in the drift approximation under the conservation
of the 1st and 2"d 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.

¢ all details are given in

Ganushkina, N. Y., et al. (2013), Transport of the plasma sheet electrons to the geostationary
distances, J. Geophys. Res., 118, doi:10.1029/2012JA017923.

Ganushkina, N. Yu, Liemohn, M. W., and Pulkkinen, T. I., Storm-Time Ring Current: Model-
Dependent Results, Annales Geophysicae, 30, 177-202, 2012.
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Modelled event 1

Small, CIR-driven storm
with Dst of 75 nT

IMF Bz of -5 -10 nT,

Vsw from 350 to 650 km/s,
Psw peak at 8 nPa,

AE peaks of 800-1200 nT

AMC12 electron data

- peaks in both 15-50 keV and 5-15 keV
electron fluxes show clear correlation
with AE peaks

- 2 orders of magnitude increase

- peaks for 15-50 keV more dispersed

- daily gradual decrease of fluxes from
midnight to dawn-noon-dusk

39.7 - 50.7 keV —— 118 -15.0 keV
31.1 -39.7 keV — 9.27 -11.8 keV
19.1 -24 3 keV — 5.74 - 7.29 keV
15.0 - 19.1 keV — 4.81 -5.74 keV




Modelling

Main question: which variations in the observed electron fluxes are caused by

(1) Variations of SW and IMF parameters (used in time-dependent boundary conditions,
magnetic and electric fields;

(2) Electron losses;

(3) Variations of electromagnetic fields associated with substorms.

Magnetic field model: T96 (Dst, Psw, IMF By and Bz)
Electric field model: Boyle (Vsw, IMF B, By, Bz)
Boundary conditions: Tsyganenko and Mukai (Vsw, IMF Bz,Nsw)

Losses: Kp, magnetic field m, || 2B,
Strong diffusion (L=10-6): Tsq =
p ) 1-7

Weak diffusion (L=2-6): 7, =4.8-10°B°L"E*, B =2.10>>"F
MNovember 24-30, 2011

Electromagnetic pulses at substorm onsets: 1000

800

21 = 600

£y =—Eoll+cicos(9p— o) P expl-&2) & & \

200
Timing and amplitude from AE index 0T H‘T*T"]“ﬁ BEEEENEEEEEERREEE

12 24 12 24 12 24 12 24 12 24 12 24 12 24
Nov24 Nov23 Nov2e Nov27 Nov 28 HNov2@ Nov3il



10
= 10
3 N =
£ .!1 1 o .
5o et WMMW £ 0wt mew%w
> -10 S 104
4&700-"""""""""""" CI0 T T T T T T T T T T T T T T T T T
rv 500 Ff o/ il \-.J.‘AM :ﬂ 500 A oY e ] L
el L UL L L 300 T T T T T T Tr T T T[T T T T T T[T T T T T
Oe' . L/)V\’\.« é-: 8:
£ 4 -
Ouj _-\," AN W 5.“‘_*"(*»% E 47 M vy W \h
X L N i i X Faas L o ,
e | LN B L R L B LN B B ||||||||Th|“|%||“|h||||||
= 1200
5 8007 U\. - Modeled fluxes at 102 level
< _ .
1003 JJ\ MhA- Main peaks followed but not
T T T T (T T T T T 1T T
C 0 " . |areenOUh T T T T T T 1T T T T T[T T 1 T 11
& 401 W™\ - No pronounced variations oy,
80 HrT T T T T T AT AT
=TT T T T 1 T T T T T(T T T T T T[T T T T 11
1x10* K/ // 1x10° \
~ 1x10° 3 \ /N
o =19 1x10 \ _
5 1x10 ; Lx10? i :
m 1x10' h 39.7 - 50.7 keV 1x10" W
< x10° TIT T 1 T T(T T T 7T T 7T T T T T1 311-39 7 kev : 0
£ ) Hasey IXIC 7T T T T T 0T NT T T 1T T T T T T[T T T T 71
= 1X103 16.0 -191 keV 1x10*
g 1x10 1x10° W AR
:' 1x10° I 11.8 - 15.0 keV 1x10° W .
° 1x10; 9027 -118kev | 1x10" b’
KO 17T T 7T T T T T T T T T T T T T T T T T T T 11 x10 """ rrrr
0 8 16 24 8 16 24 8 16 24 8 16 24 oot ortney 0 8 16 24 8 16 24 8 16 24 8 16 24
February 28 March 1 March 2 March 3 February 28 March 1 March 2 March 3

Modeling results: No losses, no pulses, all
determined by SW and IMF variations

February 28 - March 3, 2013

February 28 - March 3, 2013




IMF Rz, nT

e- flux, 1{cm"2 s sreV)

Modeling results: With losses, no pulses, all
determined by SW and IMF variations and Kp
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- Pulse representation needs
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Modelled event 2

Moderate, CME-driven storm with Dst of
135 nT, IMF Bz reaching -20 nT, Vsw
from 400 to 700, Psw peak at 16 nPa, AE
peaks of 1600 nT

AMC12 electron data

- peaks in both 15-50 keV and 5-15 keV
electron fluxes show clear correlation
with AE peaks

- 2 orders of magnitude increase

- peaks for 15-50 keV more dispersed and
more pronounced

- daily gradual decrease of fluxes from
midnight to dawn-noon-dusk

- at storm main phase saw-tooth-like
oscillations at midnight correlated with AE

- at storm recovery peaks with AE =700 nT
similar to peaks with AE=1600 nT at storm
main phase at midnight
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With losses, no pulses
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With losses, with pulses
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Summary

1. The variations of fluxes for 5-50 keV electrons observed by CEASE Il ESA instrument
onboard AMC 12 satellite during one small CIR- and one moderate CME-storms
analyzed and modeled.

2. The variations in the observed electron fluxes are caused by
(1) Variations of SW and IMF parameters (used in time-dependent boundary
conditions, magnetic and electric fields:
only main peaks and general pattern,
when SW and IMF variations are significant
(From the analysis of quiet events: IMF Bz = -11 nT, Vsw = 530 km/s,
Psw =6 nPa, Kp =4, AE =500 nT, Dst =-20 nT).

(2) Electron losses (represented as electron lifetimes, dependent on magnetic
field and Kp index):
main trends in flux daily decrease when going duskward via noon.

(3) Variations of electromagnetic fields associated with substorms:

needed to explain flux variations correlated with AE index peaks,

uniform representation of electromagnetic pulse scaled by AE value can not be
used, flux peaks are not dependent on AE magnitude.



