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A ) .
\/ Stormtime Energy
«Qr

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?

Dominant form of energy input is electromagnetic, i.e. Poynting flux. This can
only interact with charged particles, not neutrals.

Analyze observations of ion temperature, T, from DMSP.

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
Precipitation During August 2011 Magnetic Storm
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DMSP T, Observations
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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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\ / Onset at 1906 UT, 5 August 2011
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A y TIEGCM results for August 2011 storm
\./ T, as function of altitude, UT, at 82.5° Glat (averaged over
Qr

all longitudes)
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A . .
Response of Neutrals to Stormtime Enerqgy Input
\0/ p gy Inp

GRACE and GOCE Observations During August 2011 Storm
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TADs detected simultaneously at GRACE at 2001 LT (left) and GOCE at 0650 LT (right). Source
of Joule heating must be poleward of 83°MLat (GRACE) and 80° (GOCE).
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\/ Comparison of GRACE, GOCE
\‘ ( Densities During August 2011 Storm
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At 275 and 470 km, sharp localized density maxima were observed within minutes of
storm onset. Large localized density maxima occur through storm main phase.
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\/ GUVI Observations of O/N, Ratio During August 2011
N4

Storm

Increasing
NeutralTemperature
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Decrease in atomic oxygen at 135 km altitude caused by Joule heating and recombination.
Polar cap is always warmer than lower latitudes.
Decrease in O/N, proceeds from polar to lower latitudes.
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A y Energy Dissipation in IT
Poynting Flux (S,) — T, p,
N\ ynting (S)) P

«Qr August 2011 Storm Main Phase
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) Energy Dissipation in IT
\./ Poynting Flux (S,) — T;, p,
*

January 2012 Storm Main Phase
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GRACE density GRACE density
Northern Hemisphere Southern Hemisphere

18 6 18

All GRACE density maxima 30% above average during 2011 (p>5 x 1016 g cm3)

GOCE shows similar latitudinal distribution but with limited longitudinal coverage.
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\ .
\/ Summary
«Qr

. 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 localized maxima at polar latitudes without
clear auroral signatures. Response is fast, minutes from onset to density peaks.

. Discrepancy between maps of Poynting flux and of ion temperatures/neutral densities
suggests that connection between Poynting flux and Joule heating is not simple.

. 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.

DISTRIBUTION STATEMENT A — Unclassified, Unlimited Distribution n



- T R R & S S S

|
— e - - — e
| |

| 0
| Ll

40
30
20

o

(equ) ssaid UAQ

(14)'g

o O
N

O O 0O0O0
N N i

222 224

220

216 T1 T2 218

214

DOY



/

*

@)
M

O O
AV

OO0

N

O
~

@)

o
i

o)
N <

(o) ssaid U@ (LU) 359 *g

O
N

(Lu) wso fg

O OO
N N

0
Y

(LU) Ws9 29

‘,:;:,E:,;::f:,‘

Q00000

Iy}

H DO
T

(LU)H Wig

270 271 272
DOY

269

268

273

267



| O

@)
N

n o O
= o

(equ) ssaud UAQ

,,,,,,,‘Lf,,,,,,,,,

r 9

£]

L]

,:;,:;:.,L.[:j:;::

o

@)
N

o o
h

(1) 359 xg

0000
MmN -

(Lu) wso Ag

00O
= N M

0000000
= N M

M N -

(Lu) NS 79

298 298.5 299
DOY

297.5

©0QQQ
hoOD
i

(Lu) HwAs

o
N
@)
N



|

B

ﬂ

O
N

o
—

O

© 0 OO
N = 1

(equ) ssaud uAQ (Lu) 359 Xg

n o v
n

(LU) NS9 Ag (LU) NS9 g

O O O O OO0
842 2A__.m1u_

18

0000
n DO
N

(LU) H-wAg



GRACE (470 km), GOCE (275 km) Observations

q:» September 2011 , January 2012 Storms
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Joule heating of neutrals is dynamic in space and time
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\ / Energy Dissipation in IT
\,:'/ September 2011
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Energy Dissipation in IT
\.o'/ September 2011
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\ / Energy Dissipation in IT
\,:'/ August 2011
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\/ Energy Dissipation in IT
Qr January 2012
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Comparison of GRACE with GOCE

August 2011, January 2012 Storms
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\ 4 GOCE Neutral Density Maxima — 2011, 2012
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Poynting Flux Prior to Onset in August 2011 Storm
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