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Magnetosphere-lonosphere coupling

e Magnetosphere-lonosphere system is highly coupled
« Plasma sheet connected to the auroral zone

« Interesting dynamical processes occur in the transition region, where the magnetic
field transitions from stretched field lines to dipolar

The subauroral region is located there!
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Aurora borealis
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What is SAPS?

Sub-Auroral Polarization Stream
Occurs in the subauroral region during stormtimes (moderate and up)

Westward flow driven by ~poleward E fields
Few deg wide in latitude

Dusk/evening sector; lasts for hours

Typical velocities up to 1500 m/s

Az Vo scan (ccw) 2013-05-01 00:20:37-00:35:59, el=6
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What is SED?

Storm Enhanced Density

Occurs in the subauroral region
during storm times (moderate and
up)

Enhanced electron density in a
narrow channel

Severe gradients on equatorward
and poleward sides

In the Plasmasphere Boundary Layer
Signature of a lot of cold plasma
moving through mid latitudes to
high latitudes

Driven by electrodynamic coupling
between the magnetosphere and
ionosphere (cf. SAPS)

SED Plume

TEC (TECU)

SED Plume
: 10

o
TEC (TECU)

10

o
TEC (TECU)

Zhai et al 2020 doi:10.1029/2020JA028257

TEC = total electron content; # of electrons in a column above a particular location
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The Geospace Plume

MULTI-POINT OBSERVATIONS OF THE GEOSPACE PLUME 247
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More about SAPS.. and SED

a) Westward Velocity (MHR) along 90W Longitude
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TEC = total electron content; # of electrons in a column above a particular location



What is the Ring Current?

The ring current is a population of medium-energy particles that drift around the Earth, with protons

drifting in one direction and electrons drifting in the opposite direction.

Mystories of the Sun

https://www.nasa.gov/mission_pages/sunearth/science/inner-mag-mos.html
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Plasmasphere

The plasmasphere s composed of low-anergy particies that drift
up from the ionosphere, forming a sphere-like reservoir of very
cold, fairly dense plasma that co-rotates with the Earth,

Van Allen Radiation Bells

The Van Allen Belts consist of high-energy particles that are
trapped in two regions. These particles move along the Seld loes
toward the poles until they are reflected back, creating a bounc-

: Ing movesnent. Particles with a high enough velocity along the
magnetic field will follow the field lines to the poles and eater
the upper atrmasphere.

Ring Current Data

A Coronal Mass Ejection (CME) occurs when
magnetic forces overcome pressure and gravity
in the solar corona. This lifts a buge mass of so-
far plasma from the corona and creates a shock
wave that accelerates some of the solar wind's
particies to extremely high energies and speeds,
This in burn generates radiation in the form of
energetic particles.



SAPS, Ring
Current, and the
Geospace
Plume

e In-situ Van Allen Probes A
identifies plume [EFW]

e Strong radial outward E
fields across SAPS channel

e Advects outer plasmaspheric
ions

e HOPE sees hot ring-current
ions

e Bidirectional, field-aligned
fluxes up to 10 keV energies
adjacent to outer extent of
geospace plume
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RCM Modeling of Subauroral Potential Drops: SAPS
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The complex, inter coupled subauroral system:
lonosphere-magnetosphere-plasmasphere coupling

Storm-time Subauroral
Dynamics

West

Frictional
heating

_ Neutral Plasma & Neutral

Figure 17. Schematic summary representation of primary storm time subauroral ionosphere and thermosphere
dynamics observed during the 17-18 March 2015 St. Patrick’s Day great geomagnetic storm.

MIT Zhang et al, doi:10.1002/2016JA023307, 2017
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How do we experimentally study space weather?

magnelosheath

bow shock v 4 magnelopause

« S naSIn T e~
-“

2008 Mar 9 07:19:00°

« Different satellites’ orbits allow us e All-sky cameras, FPIs with different
to explore different regions of wavelengths reveal important
Earth’s magnetosphere magnetospheric dynamics

e For example, some satellites  Magnetometers show us variations of
measure the solar wind, other magnetic field
mainly the plasma sheet and « Radar data reveals plasma motion
others the radiation belts e lonosondes to study variations of Earth’s

ionosphere



GNSS TEC: Global lonospheric Space Weather

Geodetic median vertical TEC from 2015-03-18 00:00:00 to 2015-03-18 00:20:00 Log10(TECU)
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© 2015 MIT Haystack Observatory

o 6000+ GNSS receivers from many sources (e.g. UNAVCO, SOPAC, IGS)

« Processed by MIT Haystack to extract ionospheric delay information

« Data provides large scale picture of global ionospheric space weather variations

o Available to space science community through Madrigal distributed database

e Currently GPS and GLONASS TEC, other GNSS systems will be included in the future

OBSERVATORY



GNSS: Sensor for positioning, timing, and ionospheric TEC

TEC = Total Electron Content
(1016 x el/m2)

Integrated Content to ~20,000 km
Dominated by ionosphere (E/F
region)

Both line-of-sight and mapped ,
vertical TEC used

Differential Doppler based (two
G frequency transmission)
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Line-of-sight TEC for data assimilation: 150M measurements per day
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GNSS TEC Line.of-Sight Coverage. 2019-02.01 00:00 - 00:05 UTC

GNSS line of sight total electron content spatial coverage for a 5 minute interval on
February 1, 2019, from data in the MIT Haystack Madrigal data system. Each of 416,666
colored asterisks represents the ionospheric pierce point of the line of sight between a
single ground receiver and one of the GNSS global navigation satellites.
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Common large-scale features observed in TEC
during geomagnetically disturbed conditions

. Cusp Region ~ local
Noon

SED Plume Base
. SED Plume

N
(&)

e o
N
N

(o4

Total Electron Content [TECU]

mit 21 22 2
HAYSTACK
OBSERVATORY




Incoherent Scatter Radars

WorIdW|de Incoherent Scatter Radars (as of March 2021)
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Global Network of High Power Radars

> Measure Physical Properties of the Space Environment as a function of altitude: Electron
density, electron temperature, ion temperature, plasma velocity, and more...

> Infer: Electric field, conductivity, current, neutral air temperature, wind

. MIT
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STEVE

« Discovered in the modern era by citizen scientists in Alberta, Canada (earlier reports in literature)

« A well-known phenomenon among amateur auroral photographers (Alberta Aurora Chasers) ...
but a completely new phenomenon for the scientific community

« Appears as a purple structure, located in a sub-auroral region lower in latitude from the place where
auroras are observed (different B-field topology)
« Different from other subauroral emissions (like SAR arcs)
.Emissions in green (“picket fence”).
The name Steve was selected by tt

| * ~ Courtesy of Robert Downie hitps://
2017-09-19 British Columbia, Canad‘éf AWAWA RS om0 Ny, com/



https://www.robertdowniephotography.com/
https://www.robertdowniephotography.com/

o STEVE relationship to
’ altitude structure:
Atmosphere and lonosphere
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Strong Thermal Emission Velocity Enhancement(STEVE) :
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Mid-Latitude Traveling lonospheric Disturbances

UTC 2017-09-07 23:00:00 UTC 2017-09-07 23:20:00

R
C 2017-09-07 23:10:00

Figure 4. A sequence of TID maps between 2300 and 2330 UT on 7 September demonstrates dynamic evolution of
concurrent large- and medium-scale TIDs near the dusk sector as a bright SAPS feature occurred. White thin lines

mark the iso-apex latitude at a 10° interval. The double black circles mark the 45-50°N latitude range which is the
cross section used for the keogram in Figure 5.
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Large scale (LSTIDs): wavelengths > 1000 km,
speeds 400 - 1000 m/s, periods 30 - 180 min
Mid scale (MSTIDs): wavelengths = 100s km,
speeds = 100s m/s, periods 15-60 min

Zhang et al 2019 — Sep 2017 storm:

“LSTIDs and MSTIDs represent different modes
of ionospheric waves and are excited through
different physical processes. They are often
observed and studied separately. [But there is]
clear evidence of concurrent MSTIDs and
LSSTIDs at midlatitudes for both dusk and dawn
sectors.”

Strong correlation between SAPS forcing and
TIDs
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lon-Neutral Coupling: Traveling Atmospheric Disturbances (TADs)

Arecibo magnetic meridian winds (+ northward)
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Figure 9. Same as Figure 7 but for the Arecibo site. The wind calculation here used a 1.3 Burnside factor for the O* -0
Mar 2015 storm collision frequency correction.
Zhang et al 2017
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The light blue curve plots the same winds but for 20-21 March with quiet magnetic activity. (b) The diffusion velocity
V4, the field-aligned ion velocity V,,, projected vertically V;a,, and perpendicular northward velocity V.. projected
vertically V;erN are also shown as averages within 250-300.



lon-Neutral Coupling: Tidal Motions

Neutral atmosphere:

Neutral atmosphere has tides Thermospheric Tidal Modes (SABER on TIMED)
* Diurnal (24 hour)

« Semidiurnal (12 hour)
« Others (e.g. 8 hour)

Diurnal Semidiurnal Terdiurnal
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Longer period oscillations also happen: ’ ol ] ¥ ol
planetary waves AALELRL kAT LR < i s B

- 1, 2, 3, 5, more days.. Forbes et al 2006 doi:10.1029/2005JA011492
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Neutrals are coupled to the ions through
e.g. collisions at E region altitudes, and
vice versa

Millstone Hill ion temperature over
multiple days

These tidal signatures appear in
ionospheric data!
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Sudden Stratospheric Warming .- ' ———

January 2010

[Goncharenko and colleagues]
Goncharenko et al 2013 doi:10.1029/2012JA018251



