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Figure 1. THEMIS-E data taken on 04 April 2010 between 11:00 - 12:00 UT. Vertical lines
at 11:25:59 and 11:48:37 indicate the arrivals of dipolarization fronts (DFs) detected by
THEMIS. Highlighted intervals (a-c) correspond to 3-minute ion temperature maps from
TWINS (right), showing regions of ion energization near THE around the DF arrival times.
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Figure 2. THEMIS-E data taken on 02 October 2013 between 01:30 - 02:40 UT. Vertical
line at 02:24:55 indicates the arrival of a DF detected by THEMIS. Highlighted intervals (a-
c) correspond to 3-minute ion temperature maps from TWINS (right). Note the lack of ion
energization in the TWINS maps around the DF arrival (c¢) and larger dipolarization (a, b).
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Introduction Results and Discussion Future Work

Mesoscale magnetotail dynamics are a critical element of
understanding and predicting what occurs in the
magnetosphere during geomagnetic storms and substorms.

[on temperature maps calculated from the Two Wide-Angle
Imaging Neutral-Atom Spectrometers (TWINS) Energetic
Neutral Atom (ENA) imagers were created for storms that
occurred 2009-2017 in the database described by Keesee et al.,,
2020.

An algorithm developed by Dr. Katus and Dr. Keesee allows for
automated detection of flow channels based on associated ion
heating by analyzing a region between 10-40 R; in the
magnetotail in ion temperature maps created from TWINS ENA
data.

This algorithm was used to identify intervals with significant
ion heating in 3-minute TWINS data and validated against a list
of known dipolarizing flux bundles (DFBs) recorded by THEMIS
(Liu et al,, 2013, Zhang et al., 2019). This process is detailed in
Keesee et al., 2022.

Here, we present a comparison of TWINS ion temperature maps
to in situ THEMIS data around times of DFB detections from
THEMIS, with the goal of investigating temporal and spatial
differences in observations of these structures.

The figures above show two case studies of THEMIS-E data alongside TWINS
ion temperature maps generated during intervals from the DFB event list of

Liu etal.,, 2013 and Zhang et al., 20109.

TWINS maps show x-y locations of the THEMIS spacecraft associated with
dipolarization fronts (DFs) marked in magenta, with white and yellow arrows
indicating directions of front normal and front velocity vectors, respectively.

Results of this study thus far have produced numerous examples of strong
agreement between TWINS and THEMIS in detections of tail activity, with
most instances of DFB signatures from THEMIS (based on B,) being
accompanied by ion energization in TWINS data in the minutes leading up
to/following an event (see Figure 1).

These regions of ion energization are often found close to the location of
THEMIS.

Other intervals, such as the one shown in Figure 2, do not show signs of
significant ion energization in TWINS maps close to the time of DF arrivals in

THEMIS data.

Intervals with these discrepancies in timing suggest new questions regarding
TWINS measurements.

These “cold” intervals may be explained by an excess of oxygen neutrals
increasing the flux in the lowest energy bins of the TWINS ENA spectra.

Verifying the accuracy of the TWINS measurements will involve a
statistical study of error sources from the TWINS ENA instrument
along with a simulation-based analysis of the instrument.

* Future studies will include analysis of intervals with ion diffusion
regions (IDRs) identified in MMS data by Rogers et al. in the “IDR
alphabet” list (2019, JGR), looking for conjunctions between MMS
IDRs, TWINS, and dipolarization/injection signatures in RBSP data.

 We also hope to compare TWINS ENA data to both simulations and
other sources of in situ measurements to determine for which
intervals oxygen may be contributing to unexpectedly “cold”
temperature maps.
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