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\/ Stormtime Energy
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Where does it come from, where does it go?

. Energy input into IT system assumed to occur primarily in auroral zone.
Is this justified by observations of energy flow?

. Examine energy input during magnetic storms.

. Analyze observations of ion temperature, T, from DMSP. Note that T, is
affected by several competing processes at DMSP altitude at 840km (solar
radiation, convection, neutral winds).

. Compare energy input with T, and neutral densities measured by GRACE,
GOCE.

. Analyze O/N, ratio (proxy for thermospheric Joule heating) and compare
with direct measurements of neutral densities.

. Compare observations of (1) energy input (Poynting flux); (2) energy
dissipation by Joule heating of ions; (3) energy dissipation by Joule
heating of neutrals.
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Comparison of Poynting Flux with Particle
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\/ Measured Poynting Flux During
N7 August 2011 Magnetic Storm
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(2) Change in T, at end of Storm Main
\/ Phase
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DMSP T, during August 2011 Magnetic Storm
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Response of Neutrals to Stormtime Energy Input
GRACE and GOCE Observations During August 2011 Storm
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\/ Comparison of GRACE, GOCE
N7 Densities During August 2011 Storm

Storm Onset

25107 - - 90
— . ]
¥ 2107 - 60
S 15101 | 30
e 0 =
- ] _ =4
- 510-165 | " g 30
: DAL WTIESFIEREA PR o0
= ot WA L 4 1 .90
14 Response of
g10™ 90 .
E thermosphere is
2 610 160 (1) fast;
o 4 L 130 2 (2) maximal at
g 410 0 = highest latitudes
U 214 L ‘ ‘ i}’ ] ‘ -30 -
1210 W) W
5 (A ’ ' | ‘ v ' v / J -60
= R A e
21J7.8 218 218.2 218.4
DOY

DISTRIBUTION STATEMENT A - Unclassified, Unlimited Distribution



\/ GRACE (470 km), GOCE (275 km) Observations ¥

q‘» September 2011 , January 2012 Storms
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\/ GUVI Observations of O/N, Ratio During August 2011
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January 2012 Storm
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Poynting flux shows peaks around auroral zone AND inside polar cap. Energy enters IT
system at all local times in polar cap. Track-integrated flux at DMSP often peaks at polar
latitudes — probably due to increased area of polar cap during storm main phases.

lon temperatures at DMSP show large increases in polar region at all local times; cusp and
auroral zones do not show distinctively high T..

lon temperatures in the polar cap are higher than in the auroral zones during quiet times.

Neutral densities at GRACE and GOCE show maxima at polar latitudes without clear auroral
signatures. Response is fast, minutes from onset to density peaks.

GUVI observations of O/N, ratio during storms show similar response as direct
measurements of ion and neutral densities, i.e. high temperatures in polar cap during pre-
storm quiet period, heating proceeding from polar cap to lower latitudes during storm main
phase.

Discrepancy between maps of Poynting flux and of ion temperatures/neutral densities
suggests that connection between Poynting flux and Joule heating is not simple.
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. Hypothesis 1: Poynting flux can enter polar cap at any local time — suggests direct
connection between solar wind and IT. Can Alfven waves enter directly from solar
wind? What controls wave entry?

. Hypothesis 2:

. Joule heating of neutrals occurs rapidly in the polar cap at both GRACE and
GOCE and not in the auroral zones.
. Joule heating of ions at DMSP altitudes is higher in the polar cap than the adjoining

auroral zone at ALL levels of activity, quiet as well as disturbed. Highest ion

temperatures occur consistently in the polar cap.
. What is the dissipation mechanism that converts Poynting flux to Joule heat?

What is the altitude/latitude profile for energy transfer?
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Neutral Density Maxima
August 2011 Storm
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\/ Neutral Density Maxima

«Qr January 2012 Storm
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\ / Energy Dissipation in IT
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Energy Dissipation in IT
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