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Quasi-stationary coupling model

Modeling the global auroral circuit

visible arc

planar TD surface at the interface between plasmas with different macroscopic properties
(Sestero, L966, Lemidire & Bunhayga, 25770, Rech et g, 1896, Echim & Lemaire, 2005 )
" magnetospheric generators witn convergent E-fieid: Chiu and Cornwall, 1978; Lyons 1980, 1981
= Models of auroral generators based on sharp interfaces: Galperin et al, 1992; Roth et al. 1993;

Lennar:isoir, 20G6; Johannssori et ai., 200¢, Echim, Roth, De Keyser, 2007,2008
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Quasi-stationary coupling model

Tangential interfaces as auroral generators

*

two asymptotic pq
e piecewise Maxwe
* O (x,) and a(x.,)
e Quasi-neutrality a
e shears of Band V r T .
* convergent electr c Lo
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Quasi-stationary magnetosphere-ionosphere coupling:
Parametric studies of the generator(De Keyser & Echim, 2013)
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Quasi-stationary magnetosphere-ionosphere coupling:
Existence of Vlasov equilibrium-generators (De Keyser & Echim, 2013)
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lonospheric module: The conical geometry

Xi= X,/ Bm/Bl

CLOAD S,

JPedersen
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Quasi-stationary coupling model

lonospheric module: Current continuity in the ionosphere

Current continuity, topside ionosphere:

lonospheric feedback — energy dependent
conductance:

Self-consistent @ _; ad-hoc models in

previous studies (Chiu and Cornwall, 1980;
Lyons, 1980, 1981)
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Observations and validation: Cluster- DMSP conjunction 28/04/01
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Observations and validation: Cluster- DMSP conjunction 28/04/01
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Vaivads et al., GRL, 2003
Asymmetric potential well (~2000V, ~120 km)

density peak (0.85 cm3(CIS), ~80 km) coincides with
minimum of potential

pair of FA current, upward sheet peeks in centre of
transition

field lines maps towards the magnetopause
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Observations and validation: Cluster- DMSP conjunction 28/04/01

122001/118
1

ELECTRONS

model 03\ . = -

Electrons [eV]

model C4

ELECTRONS

&
()
=
€]
&
&
=
&
[T
S
g

-4
«” 10

% el -40 -30 -20 -10 0 10 20 30 40
UT  19:18:04 19:18:06 19:18:08 19:18:10 19:18:12 19:18:14 19:18:16

! Echim et al., GRL, 2009:
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Observations and validation: dayside field-aligned current densities
from DMSP and velocity shear effects

Model magnetosheath velocity effects
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Shear effects from MI coupling model

_ (Echim et al., 2008)
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Observations and validation: dayside field-aligned current densities
from DMSP and effects of the generator density generator
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Observations and validation: polar cap arc observed by

Cluster and TIMED

April 1, 2004
North 12 UT 06:24

001 010  1.00
GUVI 135.6 nm (kR )

Joint observations by TIMED and
Cluster of a polar cap arc and ion
outflows (Maggiolo et al., 2012)
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Cluster observations

- Beam location and orientation x,
- Ion and electron temperature and density A0 LT fx, ) N 0 T, 0
- Precipitating electrons energy T rx )
- Upflowing ions energy &5, )
- Hlechric potential accross the beam &,/

M-T coupling model

Inpmiis Tngnet povirrreley
@ ) o b, MW )T, e, Tonospheric conductivity 2:
it N de Ty,

Adiabatic current-voltaze relationship
Current continuicy on topside iono sphere

Qaripacis
Field-aligned potential drop Adyx )= o (i )- @)
Field-aligned currents at ionospheric altitude 7 ¢ 0
Energy flux of precipitating electrons £, (>}

TRANS4 model

Trprar Trpned purraniclers
P Neutral atmosphere, ETTV solar fhs, Cross
sections, Reaction rates

Transport equations (Fhodd + Kimetc)y
Loniration, excitation and heating rates

st
Ionospheric density profiles (neutrals, ions., electrons)

Aidrglow and aurora
(ereenired line=; oxymen emissions, ebc.)

Emission rate across the beam at 135.6 nm

Modeling of auroral emission rates
using observations and modeling
(Maggiolo et al., 2012)
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Observations and validation: polar cap arc observed by
Cluster
and

TIMED
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Cluster

Modeling of polar cap arc
electrodynamics and UV
emission rates: electron energy
spectrum from model, electric
potential (Cluster observations
and MI coupling model), field-
aligned current  density
(model), precipitating energy
flux (model), UV emission
rates from GUVI and TRANS4
(Maggiolo et al., 2012)
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New perspectives : the “inverse” problem
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Based on ALIS optical observations and tomography one can derive the energy
spectrum of precipitating electrons. Using a minimization procedure one can
derive the generator configuration that fits best the auroral observations.
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How to estimate properties of auroral magnetospheric
generators from ionospheric observations of
discrete auroral arcs

STEP 1: Generate a family of magnetospheric interface generator (MIG)
solutions with some a-priori insight on its possible location

STEP 2: Generate a statistical ensemble of solutions for the electrodynamic
properties of the auroral arc by solving the current continuity for all electric
field profiles provided by the MIG solutions

STEP 3: apply a minimization procedure in the least-squares sense to estimate
the best simulation fit for a set of observational data (e.g., field-aligned

potential drop, energy flux of precipitating electrons)

STEP 4: Select the best fit of auroral parameters and the corresponding MIG
solution; the latter provides an estimation of the generator properties
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STEP 1 - Anensemble of MiG solutions
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Ensemble of generator solutions computed for a PSBL-like interface and a range of
parameters including various  density and temperature gradients, magnetic

compression ratios. The panels show the electric potential, the electron temperature,
the plasma density.
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STEP 2 : An ensemble of auroral arcs generated by the MIG
solutions computed at STEP 1

Ensemble of auroral electrodynamics solutions for the generators simulated at STEP 1. The panels

show: synthetic electron energy spectrum, field-aligned potential difference, field-aligned current
density, flux of precipitating energy. In black and diamond symbols are traced DMSP observations
on 28/04/2001.
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STEP 3 : Minimization procedure to select the best fit to experimental observations

- the quantity to be minimized is defined as a norm defect with respect to the

observational data:
N J|
SNORM = z
=1

Vobs is the field-aligned potential drop A®;; estimated from DMSP measurements.
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The norm defect for 12 different auroral

arc solutions compared to DMSP
observations.

Selected auroral solution based on Sy



STEP 4 : Select the best fit of auroral parameters and the corresponding IVHHG solution

Selected magnetospheric generator solution based on Syory-
superimposed are Cluster observations at the PSBL (Echim et al., 2009)
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STEP 4 : Select the best fit of auroral parameters and the corresponding MIG solution

M: [M2 [M3 [M4 [Ms5 [M6 [My; [M8 [Mg |[Mio [Mn

0.31

200 200 500 1000 5000 200
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Parametric description of the right side (PSBL-like) of the MIG solution; the eleven sets
(denoted from M1 to M11) are considered as boundary conditions for solutions of the
Vlasov-Maxwell set of equations. The plasma bulk velocity is fixed and equal to 8.5 km/s.
The asymptotic state at left is compatible with lobe plasma, has fixed values for the
electron and ion density (0.12 cm-3), the electron and ion temperature , Ne1l=75 eV and
Np1=250 eV, the plasma bulk velocity, Vey1=Vpy1=0.5 km/s.
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Some tests with ALIS data

18:36:55 UT 18:39:10 UT 18:41:25 UT 18:43:35 UT
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18:45:50 UT 18:48:05 UT 18:50:15 UT 18:52:30 UT

Auroral observations from Skibotn station of the ALIS auroral network on 05/03/2008. The
tomography analysis and the inversion technique provide the electron energy spectrum and
the fluc of precipitating energy that is an input for the minimization procedure that fits the
auroral electrodynamic parameters to observations.
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Some tests with ALIS data
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Auroral electrodynamics solutions derived from the inverse problem for auroral
observations of a 100 km wide auroral arc in the dusk sector of the oval prior to a
substorm onset. It is shown the solution selected by the minimisation procedure and
the energy spectrum (in red) derived from tomography of ALIS data.
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Summary, Conclusions

® A magnetosphere-ionosphere coupling model based on a self-consistent
description of the generator, a kinetic current-voltage relationship and a
description of the ionosphere helps to understand the effects of the
magnetospheric variability on the auroral electrodynamics.

e The model shows how velocity shears in the LLBL may drive increased dayside
field-aligned current densities.

eThe model describes also the coupling between the PSBL and discrete auroral
arcs.

e The MI coupling model has the potential to help describing the state of the
magnetospheric generator when the electrodynamics of the aurora is known
from ground based observations , like, e.g., tomography.
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