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Importance of Alfvén waves in the dynamic magnetosphere

Lysak et al. (2009) wrote:

The importance of Alfven wave propagation to energy transport between the tail and
the auroral zone has been emphasized by observations at the plasma sheet
boundary layer by Polar, Cluster, and FAST (Wygant et al., 2000, 2002; Keiling et al.,
2000, 2001, 2002, 2003, 2005; Angelopoulos et al., 2002; Nakamura et al., 2004;
Dombeck et al., 2005).

These observations show that the Poynting flux carried by shear Alfvén waves can be
the dominant energy flow along auroral field lines, especially during substorm
times.

Standard models of substorms have generally emphasized convective flows as the
major source of energy and momentum transport; however, Alfvén wave
propagation can also be an important transport mechanism.
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Alfvénic Coupling through the Auroral Acceleration Region
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lonospheric outflow

e Large fraction of inner magnetospheric energy density is
supplied by ionospheric ions during geomagnetic storms
(review by Daglis et al., 1999)

 lons at source are ~1 eV, but in ring current >100 keV

Challenge:

(1) ion extraction from ionosphere
(2) transport to ring current
(3) acceleration up to large energies



Mechanism

Chaston et al. (2015) wrote:
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e Observations performed within the ionosphere by radars

[Wahlundetal., 1992; Kaganetal., 1996] and rockets
[Whalen et al., 1978; Lynch et al., 2007] along with
modeling [Sydorenko and Rankin, 2013] have shown
HOW electron precipitation at energies typical of those
observed in dispersive Alfvén waves drive collisional
heating and outward expansion of ionospheric electrons
leading to ion upflows.

e These upflows may supply ionospheric ions to altitudes

where they can experience electric fields in the Alfvén
wave sufficient to drive trapping in the wave potential
[Lysak, 1986] and/or the breakdown of gyromotion
[Cole, 1976; Johnson and Cheng, 2001; Chen et al.,
2001], causing transverse acceleration followed by
ionospheric outflow due to the mirror force.
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Figure 1. Polar measurements through the plasma sheet @il lobe boundary. () Er component of the
ckectne field (northward, nommal to avemge plasma sheet boundary and neardy perpendicular to the
magnetic field). (b) 8y component of magnetic field (eastward perpendicular to the magnetic field
nominally in the plane of the plasma sheet). () Field-aligned component of the Poynting flux { positive is
cartbwand ). (d) Electron (blue Ime) and 1on (red ine) kmetic energy flux derved from the Hydm particle
measurements, (¢} Electron density, (f-k) lon and electron fluxes for pitch angles between 150 and 1807
{away from the Earth), 75 and 105 °, and 0 and 30° (towanrd the Earth).



— =y Chaston et al. (2004)
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Figure 1. Observations from FAST on the polar cap boundary. (a) The electric field along the spacecraft
trajectory or roughly north-south (E'|1). (b) The magnetic field measured transverse to the spacecraft
trajectory and Bo, pointing roughly eastwest (B,2). The red lines show high-resolution search coil data.
(c) The energetic electron spectra. (d) The energetic electron pitch-angle spectra with 07 pointing
downward. (e) The ion energy spectra. (f) The ion pitch-angle spectra with 90 and 270° pointing
transverse to Bo. (2)—(i) The 0", He', and H™ ion energy spectra and (j) the total mntegrated outflowing
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Storm event - Van Allen Probes Chaston et al. (2016)
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Figure 2. (a and b) Slices through ® in dipole coordinates at constant  and L. Blue and white traces show two 0 ion Figure 4. (a-f) Simulated evolution of O distributions in the equatorial lane. (g-}) Obsenved evolution of 0" distributions
trajectories from an ionospheric source. (c) Energy of the “white” ion shown in Figures 2a and 2b. Time is indicated by fom 1 June 2013 som on Van Allen Probe A

line color. (d) Transverse slice through @ at 6= 37" (e) Trajectories of the ions in geophysical coordinates.
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Lotko et al. (2006) wrote:
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Keiling et al. (2003)

Lennartsson et al. (2004)
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e Keiling et al. (2003) have shown that the cusp and premidnight boundary plasma sheet regions at 4-6 RE
statistically are the principal sites of intense Alfvénic Poynting fluxes
e The statistical pattern of intense Alfvénic activity exhibits some similarities to the observed statistical
pattern in the number flux of outflowing O+ derived from Polar-satellite perigee passes near 1-RE altitude

by Lennartsson et al. (2004).

* The regions of greatest Alfvénic activity and O+ outflow occur in approximately the same local time

sectors.

* Some of the Alfvénic power is absorbed by transversely accelerated ions (TAls), producing keV ions at FAST
altitudes (Chaston et al., 2004). The action of the mirror force on the TAls produces the observed ion

outflows.
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Electron Energy Deposition
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How important are dispersive
Alfvén waves for auroral
particle acceleration?
(Chaston et al., 2007)

e Combining coincident satellite measurements
of fields and particles.
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Now on to storms....

Recovery phase
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- lon outflow is geomagnetic activity dependent (Yau et al., 1985)
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Finally

Zheng et al. (2005) wrote (Polar data):

% lon Outflow %ass
< . . L e .
L e Poynting flux may be associated with field-aligned
© Electron Precipitation _ 4
5 I S|~ (Magnetoshoath) currents or/and low-frequency Alfvén waves.
: r=0.743 e Since AW enhance soft electron precipitation, the two
8 ELF/VLF Waves %.?41 controlling factors (Poynting flux and precipitating
O (Heating) .
7Y electrons) are not independent of each other.
e Poynting flux will be converted to heat in the
lon Upwelling ionosphere through Joule dissipation
- , \ e The resulting increase in ionospheric scale height will
@ . . . .
5 o Soale Heigh Flectron Seale Hegh increase the column density of ions at altitudes where
= Increase Increase — Ambipolar Field transverse heating oCcurs.
’ \ e Thus the electromagnetic energy flux in the form of

Poynting flux is not the sole cause for the ion
outflows, but it is the necessary first step.

Joule Dissipation Electron Heating/lonization

sl Causal [, > Possibly Causal —— > Correlated

Strangeway et al. (2005)




Some Questions

* |s there community acceptance for the Alfvén wave picture of ion
outflow? (= Moore & Horwitz, 2007)

e How much of the Poynting flux in Strangeway’s diagram is Alfvénic?

e Are there estimates of global kinetic energy flux (in GW) for
outflowing ions?

e Etc.
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