Dayside Plasma Flows and lon Heating in
the Polar Cap
Leslie Lamarche®, Roger Varney!, Ashton Reimer?
(1) SRI International, Menlo Park, CA, USA

2022 CEDAR Workshop
Austin, Texas
June 19 — June 24, 2022



Introduction

» Frictional or Joule heating is an important factor in energy
deposition in the polar cap ionosphere (Richmond and Thayer, 2013)

» Heating can cause ion outflow, which contributes to
magnetosphere-ionosphere coupling dynamics (Howarth and Yau,
2008)

» The Resolute Bay Incoherent Scatter Radar (RISR) is located deep
in the polar cap at 82° MLAT and ideally located for observing
Joule heating and ion outflow polewards of the cusp (Bahcivan
et al., 2010)

» \We examine ion heating events observed by RISR in the polar cap
and if they can be fully explained by models driven by regional
convection and precipitation



Resolute Bay Incoherent Scatter Radar North (RISR-N)

» RISR-N is a ground-based electronically steerable incoherent scatter
radar in Resolute Bay, Canada

» Measures plasma density, velocity, and temperatures in 3D volume

» Ideal for imaging large-scale (50-500 km) polar cap dynamics




lon Heating at RISR
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Convection Climatology in the Polar Cap

Statistical plasma potential patterns Statistical neutral wind patterns
from SuperDARN from HL-TWiM
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Statistical Convection for Northwards IMF

(c) clockangle = -20.0° ... (e) clockangle= 0.0° . (g) clockangle= +20.0° .
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Polar cap convection patterns from Cluster EDI electron drift
observations (Forster et al., 2008). Dayside potential patterns are
complex, and likely lead to shears and mesoscale flow structuring.



Heating Statistics at RISR

1. Walk the RISR-N database from January 2010 — February 2020 for
long-pulse experiments

2. Filter out data points with a large error or “poor fit"
3. Post-integrate all experiments to 5 minute cadence

4. Extract the median plasma parameters (N, T;, Te) between
300-400 km in the highest elevation beam

5. Use a similar procedure to extract the 3D plasma drift velocity from
the RISR-N resolved velocities database (Heinselman and Nicolls,
2008)

6. Compute netural temperature and velocity from empirical models

7. Bin data in MLT and IMF clock angle (6. = 0 corresponds to
northwards IMF)

8. Average median ion temperature in each bin



Relative Temperature Enhancements

» T; from RISR-N
» T, from MSIS-E
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On average, both ion temperatures and relative ion temperature are
enhanced in the noon sector under northwards IMF.



Relative Velocity Enhanceme

» V. from RISR-N
» V, from HL-TWiM
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The relative ion velocity is enhanced in the noon sector under northwards
IMF, suggesting the ion velocity routinely opposes the statistical neutral
velocity.



IPWM

» The lonosphere/Polar Wind Model (IPWM) is a 3D model of plasma
dynamics and ion outflow in the polar cap (Varney et al., 2015)

» Solves eight-moment transport equations for HT, He™, and O (#S)
and calculates photochemistry for six other species (Varney et al.,
2016)

» Nonorthogonal magnetic dipole coordinate system on approximately
2° grid

» Neutral thermospheric parameters from NRLMSISE-00 (Picone
et al., 2002), neutral winds from HL-TWIM (Dhadly et al., 2019),
and solar EUV spectrum from HUEVAC (Richards et al., 2006)

» Particle precipitation and plasma convection are driven by empirical
or assimilative models to represent realistic conditions



Particle Precipitation - Ovation Prime

Monoenergetic Aurora Energy Flux
12 1988 1
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» QOvation Prime is a model of ergsents
discrete and diffuse auroral | o
precipitation, predicting total I P aten o

energy flux, total number flux,
and average characteristic
energy (Newell et al., 2009,

2010) 365
. ergs/ent’s
» Includes mono-energetic and ™ Ra—
broadband precipitation, ®
primarily in cusp and auroral I
region

» Based on decades of DMSP
particle energy data

9632 Satellite-days

(Newell et al., 2009)



Plasma Convection - SuperDARN

» The Super Dual Auroral Radar

Network (SuperDARN) includes 22/t0/206 1900-10tp 200w
a network of high-latitude HF "
ionospheric radars (Greenwald | o
et al., 1995) ) o
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» Line-of-sight velocities
measured by individual radars

can be inverted to determine 1660
the likely convection pattern
& ‘Pw:27 kv
over the polar cap : b - 6
g N, = 191 pt:
» When backscatter is not £ -
21 22 23 0 1 2 3 Hour (MLT)

observed, a statistical pattern is
used (Thomas and Sheperd, [http://vt.superdarn.org/]
2018)
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IPWM Comparison with RISR
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IPWM significantly underestimates the ion temperature during heating
events.



lon Energy Equation
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» Reasonable approximation of the ion energy equation in the F-region
(St.-Maurice and Hanson, 1982)

» Joule heating rates are equivalent to frictional heating rates under
F-region assumptions (Thayer and Semeter, 2004)

» To first order in the F-region, the ion temperature is predominantly
determined by the ion-neutral velocity difference

Examine the importance of mesoscale flows by comparing 7~', calculated
from the ion energy equation using V; from SuperDARN convection maps
(global scale) and RISR (mesoscale) against the measured RISR T;.



Joule Heating from lon Energy Equation
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Conclusions

» lon heating is often observed by RISR, particularly in the noon
sector under IMF Bz northwards conditions

» Sunwards flows driven by reconnection in the lobe may be associated
with heating events

» Driving IPWM with global-scale convection and precipitation does
not produce the extreme heating observed by RISR

» This suggests there are additional factors important for ion heating
that are not fully captured by the model and require further
investigation

» Small- and mesoscale flows are not traditionally captured in
global-scale convection

» Neutral winds that oppose the plasma drift velocity can cause
enhanced heating

» Small-scale precipitation features not captured by global models may
enhance conductance
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