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Magneto-
sheath

Earth’s magnetosphere under

northward IMF solar wind conditions.

A ‘BATS-R-US’ global MHD simulation

~ performed by the University of Alberta
Center for Data Assimilation and |

Bowshock




Introduction

A Substormi a reconfiguration of the magnetotail whick
among other things, Ncr e
with energies of tens to hundreds of keV during the
substorm expansion phase.

A Increasing evidence from auroras points to injection
beginning at a sharp transition between very stretche
and less stretched field lines around 8 RE.

A We attempt to model evolution of the magnetotail
which leads to the electron injections.



Motivation for a New Model

A There are numerousagnetotaimodels. We
iInvented yet another on&#binet al., JGR 2011).

A To model the energization process, it is desirable tc
have amagnetotaiimodel with few adjustable
parameters, directly controllingagnetotail
thickness and transition from dipole to tkle
fields.

A The model should be simple.



Model Description

Start with an nauxofftal ar yo

b = By, + exf(x)Bytanh(z/L,)

1

)= 5 (1 — tanh 5

The cutoff function f(x) Is used to control the location
and sharpness of the transition from dipie to tail
like fields

Al t hough t hebodivenmngeazee 00
to compute a divergendeese magnetic field with
identical field lines



Field Lines in the Model

The field line topology has desirable features in that the
amount of stretching, pressure gradients in the tail, anc
the transition region can be constrained by satellite anc
groundbased data.



Making the Field Divergencefree

A Define a divergencéree magnetic field via flux function

A Define the flux function in the dipole field region close
to the Earth, and extend it into the magnetosphere alo
field lines of the auxiliary field:
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A The magnetic fiel® now has the same field line
topol ogy (and t he s abme d



Observations of the b
Boundary

Proton isotropy boundary is associated with
scattering on field line curvature




Riometers

Rankin Inlet Riometer

GO-RIO To Be Deployed
NRCan-RIO Existing

Relative lonospheric Opacity METERS
observe radio wave propagation at 30 MHz
through the ionosphere



Riometer Absorption:
Substorm Injection across
Churchill Line
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Injection expands ~5oleward in 515 minutes
Not much equatorward expansion
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Interpretation of Riometer
Data

A A transition region that retreats into the
tail, increasing the local magnetic field

A Electrons gain energy to consere

A Electrons pitckangle
scatter to the loss cone, aj
are observed byometers BB
if their energy is above ~3j
keV




Model parameters

Riometer, auroral and other observations
allow us to constrain the parameters of the
model to fit a typical dipolarization event

— (1 — tanh

)

R, = 7+ tanh(1.6t — 4)

By = —51840/R?




Electric field
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