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Geodetic data

CANOPUS/Magnetometer

CANOPUS data are open but usage is subject to rules of the road at cssdp.ca .
Please acknowledge the data provider, Ian Mann/CARISMA, when using these data.

Generated by the CSSDP at 00:44, 2009-02-23 UT.
The CSSDP is part of the CSA’s Canadian GeoSpace Monitoring program [www.cgsm.ca].
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The Substorm Arc 

2. Location of the Near-Earth Breakup

The relative position of a breakup arc and
the proton aurora band may provide essential
information with respect to where the breakup
location maps in the magnetosphere. The
equatorward edge of the proton aurora region
corresponds to a boundary between isotropic
(more tailward) and anisotropic (more Earth-
ward) proton populations in the magnetosphere
and is referred to as the isotropy boundary
IB [Newell et al., 1998; Donovan et al., 2002].
At the same time, proton precipitation re-
quires sufficient scattering of particles into
the loss cone. Perhaps, the most accepted
mechanism for this scattering is nonadiabatic
proton motion on stretched field lines [Sergeev
et al., 1983; Zelenyi et al., 1990; Sergeev and
Gvozdevsky, 1995; Wanliss et al., 2000]. In fact,
Zelenyi et al. [1990] showed that scattering of
energetic protons increases sharply when the
curvature of magnetic field lines Rc becomes
comparable with the proton Larmor radius RL.
More specifically, Zelenyi et al. [1990] found
that this nonadiabatic scattering into a loss
cone is peaked when the ratio κ = (Rc/RL)0.5

to be roughly in the interval from 1 to 3.
This implies that the poleward boundary of
the proton aurora band roughly corresponds
to the magnetospheric region where the mag-
netic field lines change from dipolar to stretched.

Combining these with the relative position of
the breakup arc and proton aurora, the follow-
ing latitudinal profile can be drawn (Figure 2).
A breakup arc intensifies poleward of the peak
in the proton aurora and maps to the region
between the dipolar and stretched field lines
poleward of the IB. In turn, field lines threading
pre-existing growth phase arcs map further into
the stretched magnetotail.

In order to test the spatial distribution sug-
gested above, we attempted a preliminary
statistical study of the position of the outer
(tailward) boundary of the hot proton popu-
lation using Geotail data. Using the database
for 1995-1999 and selecting dates when Geotail
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Figure 2. An average position of the breakup
arc with respect the proton aurora profile, IB
boundary, and growth phase arcs.

crossed the midnight sector at 8-14 RE , 17
crosses of the tailward boundary were identified
with the following criteria: the satellite was
definitely in the plasma sheet at distances less
than 1.5 Re from the equatorial plane and
within ±2 hours from the midnight meridian,
and the observed average proton energy inside
the region reached at least 10 keV. The main
observed features were as follows. An average
position of the hot proton boundary was found
at 10.3±0.6 RE . An average maximum energy
observed by Geotail Earthward of the boundary
was 13±1 keV. The ratio of the total magnetic
field to the dipolar magnetic field at the point
where the highest average proton energy was
registered was 0.97±0.12 becoming significantly
reduced tailward of the boundary. Essentially,
these results require more detailed in situ
data analysis. However, we believe that these
are consistent with the observations discussed
above.

Overall, observational features discussed above
suggest that breakup occurs in the near-Earth
plasma sheet at equatorial radial distances of
roughly 10 RE , in the region corresponding to
the transition from a dipolar to a stretched
magnetic field line topology.

3. Elements of the Breakup

As mentioned in the Introduction, a near-Earth
breakup consists of a sequence of signatures
observed from the ground and in the near-Earth
magnetotail. In this section, we present the
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1.  Differential geometry and ideal MHD 
2.  The Lagrangian to fourth order 
3.  MHD waves  
4.  FLRs and auroral arcs 
5.  Explosive, nonlinear, MHD instabilities 
6.  FLRs and the substorm intensification 
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FLR fields 
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FLR  in Equatorial Plane 
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1.  The substorm intensification / expansive phase is an example of a plasma 
relaxation process and an explosive MHD instability. 

2.  ULF, FLRs and the auroral arcs produced by these FLRs can play a major 
role in destabilizing the near Earth magnetotail during the substorm 
growth phase, leading to explosive instabilities. Variational methods in 
differential geometry indicate that stretched field topologies (G-S models) 
can be explosively unstable.   

3.    The dynamics of relaxation are due in part to the explosive evolution of  
ballooning modes (leading then to tearing).  Lots of  work needs to be 
done here. 

4.    Nonlinear, MHD stability is a really tough problem. 

Further Work 
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Department of Physics 

flux compression 
expanding flux tube 

The nonlinear ballooning mode leads to a radially expanding flux tube.  In the flux tube,  
magnetic fields and the Alfven speeds are reduced.  This decreases the stabilizing influence 
of magnetic field curvature allowing the tube to expand even further down the magnetotail 
At the leading edge of the flux tube, magnetic fields are compressed. Magnetic field lines on  
the azimuthal edges of the flux tube show little distortion.  Note the region of negative  
magnetic field curvature. 

negative magnetic curvature 
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