Testing the Efficacy of Selected Scalar Parameters
for Identifying Ion Diffusion Regions in MMS Data
1

1

1

A.J. Rogers , C.J. Farrugia , R.B. Torbert
1

The University of New Hampshire, Department of Physics, Durham, NH

Abstract
Canonical parameters for Ion
Diffusion Region (IDR) identification
such as ion flow reversals or Hall fields
rely on the observatory passing through
several spatially-separated features in the
region surrounding the reconnecting
X-line and on the accurate determination
of a coordinate system natural to the
X-line. Scalar parameters derived from
direct field measurements and particle
distribution functions do not rely on any
particular coordinate system or flight
path of the observatory. Examples such
as particle agyrotropy and the adiabatic
expansion parameter have been suggested
to identify or even define the Electron
Diffusion Region (EDR) when applied to
electron measurements. The same physics
is equally applicable to ion diffusion and
demagnetization. We present four such
parameters, adapted for use with ion
measurements, and test their efficacy in
identifying IDRs in the geomagnetic tail
during the 2017 MMS tail season. We
compare them in regions containing
known IDRs identified independently
using canonical criteria (see Rogers et al.,
2019) against regions where no IDRs
exist. While no parameter is found to be
sufficient for IDR identification, a
combination of scalar parameters prove
to be moderately effective.
Methodology
Fast survey-level data from MMS is
used to calculate each of the parameters
for the entire 2017 tail season (May 05 —
September 26) where the location of
MMS was at least 8RE away from the
Earth and where the tetrahedron quality
factor (TQF) ≥ 0.8. The amount of time
spent in each 21 RE × 12 RE grid square of
the geomagnetic tail was then determined
and plotted. Each time step was then
tested for if ALL parameters met or
exceeded their threshold values and the
amount of time in each grid square where
each condition was met was calculated
and plotted. Times and locations where
all parameters were satisfied have been
tabulated and retained for review.
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Figure: 2. K : the dwell time in seconds where MMS measured K ≤ 1.0.
Subplots are arranged as in Figure 1.

Figure: 1. Combined Parameters: The dwell time in seconds is shown for each 12 RE × 21 RE grid square of the geomagnetic tail where all of the 4 parameters
considered exceeded their threshold values, as observed by MMS. a) shows the projection in the X − YGSM plane; b the X − ZGSM plane; and c) the Z − YGSM
plane. d) shows the total time as a function of MLT. Stars mark previously identified IDRs (Rogers et al., 2019). The red circle highlights the dwell time
associated with 2017-09-11 (09:30) — 2017-09-12 (0430) UTC.

Figure: 3. Γ: the dwell time in seconds where MMS measured Γ ≥ 1.0.
Subplots are arranged as in Figure 1.
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Conclusions
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Table: 1 List of the chosen diffusion scalar parameters, their expressions in terms of in situ measurements.

Figure: 4. AG: the dwell time in seconds where MMS measured AG ≥ 0.028.
Subplots are arranged as in Figure 1.
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Figure: 5. Q: the dwell time in seconds where MMS measured
Subplots are arranged as in Figure 1.

Q ≥ 0.11.

No single parameter is sufficient to identify or even significantly filter for IDRs.
Combining parameters provides a useful filter.
All previously identified IDRs (Rogers et al., 2019) are captured using combined
parameters.
Regions which satisfy the combined parameters but without previously identified IDRs
deserve further study.
Exceptional orbit on 11—12 September, red circles in Figure 1, not a typical tail IDR but
magnetopause dynamic event (dozens of MP crossings).
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