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Project 1: Steve and SAID
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Abstract Little is currently known about the optical phenomenon known as Steve. The first scientific
publication on the subject suggests that Steve is associated with an intense subauroral ion drift (SAID).
However, additional inquiry is warranted as this suggested relationship as it is based on a single case study.
Here we present eight occurrences of Steve with coincident or near-coincident measurements from the
European Space Agency's Swarm satellites and show that Steve is consistently associated with SAID. When
satellite observations coincident with Steve are compared to that of typical SAID, we find the SAID
associated with Steve to have above average peak ion velocities and electron temperatures, as well as
extremely low plasma densities.
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1. Introduction

A new optical phenomenon has recently been brought to the attention of the space physics community by
auroral photographers. Steve is observed as a latitudinally narrow, longitudinally extended purple band of
light cquamrward of the auroral oval MacDonald et al. (2018) presented the first scientific report of Steve,

and i the with a ground-based all-sky imager (ASI), photographs
taken by citizen scientists, and in situ measurements from the European Space Agency’s Swarm A satellite.
These observations showed the optical signature of Steve to be roughly colocated with a subauroral ion drift
(SAID). Typical of SAID, this event was located at the equatorward edge of the premidnight region 2 (R2)
downward current system in the midlatitude density trough. MacDonald et al. (2018) also reported that the
SAID associated with Steve was unusually intense. These initial results show Steve to be a subauroral phe-
nomenon, and as it was measured within a region of weak downward field-aligned current (FAC), unlikely
to be caused by precipitating electrons. This result was supported by Gallardo Lacourt et al. (2018) who
present particle measurements from Polar Orbiting Envi incident with an

of Steve identified in ASI measurements. They reported an absence of precipitating charged particles coin-
cident with the optical signature of Steve. In these previous studies, the name “Steve” was pn:scn\cd as the
acronym for Strong Thermal Emission Velocity As the physical for
this phenomenon have not yet been established, in this study we will simply refer to it as Steve.

What then s known about the physical mechanisms for Steve? Gallardo-Lacourt et al. (2018) suggested

an ionospheric source for the optical as opposed to itating particles
responsible for aurora. The results of MacDonald et al. (2018) suggested an association between SAID and
Steve. Some istics of SAID may be ible for Steve, or these two phenomena may share a

generation mechanism. However, MacDonald et al. (2018) presented a single case study. Therefore, we
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Abstract so-called “Steve” subauroral purple emissions have recently been uncovered by auroral
photographers and have rapidly become an intense subject of debate as to their origin. In some events,
nearby periodic green emissions have also been uncovered and given the name “picket fence,” owing to
their appearance. The present paper advances our understanding of these phenomena by narrowing down
the altitude extent of the Steve and picket fence emissions. Our determination is based on the event of 16
September 2017, which was simultaneously observed from two vantage points, allowing for a
determination of the height range of Steve and picket fence through triangulation. We show that the picket
fence extend between 95- and 150-km altitude and is aligned with the geomagnetic field, while the Steve
altitude spread is between 130 and 270 km. We also show the two phenomena to be on nearby or perhaps
the same magnetic field lines.
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The scientific community has recently reported on a nighttime optical phenomenon called Steve. Steve is
described as a purple band of light observed equatorward of aurora, spanning only tens of kilometers in
latitude but thousands of kilometers in longitude (Gallardo-Lacourt, Nishimura, et al., 2018). Archer et al.
(2019) were able to find eight of Steve with incident satellite and they
show Steve to be consistently associated with intense subauroral ion drifts (SAID). The notion of Steve as
an optical signature of SAID was put forward by MacDonald et al. (2018). Typical of SAID, these events
were near the ionospheric projection of the plasmapause, with either near-zero or downward field-aligned
current, which suggests that Steve is not caused by precipitating electrons. Particle measurements from the
Polar Operational Environmental Satellites coincident with an occurrence of Steve shows there is insuffi-
cient particle precipitation to cause the optical signature of the phenomenon (Gallardo-Lacourt, Liang, etal.,
2018). These studies suggest that Steve may be related to the plasma heating present in very intense SAID.

Steve is at times accompanied by green bands of light called the “picket fence.” It is currently unknown
if these two phenomena are causally linked. While Steve has been reported on several occasions in the
absences of the picket fence, the picket fence has not yet been reported in isolation. Nishimura et al. (2019)
presented measurements from the Defense ical Satellite Program coincident with two different
Steve events, one with picket fence and one without. They report a region of kiloelectron volts precipitating
particles roughly coincident with the event including a picket fence, detached from the auroral oval. Based
on thnsc obscrvauons Ni ura cl al. (2019) suggesl (hm ‘while plasma heating may contribute to Steve,
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Work still to be done to carefully interpret
accelerometer measurements.

Acceleration (normalized units)

Plasma flow (normalized units)
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Constant conductivity through
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Alfven Waves?
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