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The Unsolved Problem: M

The importance of ionospheric outflow in the
magnetosphere is now well established.

Recent numerical studies have demonstrated
non-linear feedback loops arising between
outflow dynamics and magnetospheric
dynamics.

UNSOLVED PROBLEMS:

. Do these feedback systems manifest in the real
magnetosphere?

. How do we observe them?
. What other feedback loops exist?
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Generic Outflow + MHD Formula

3D PWOM Solution

Glocer et al,,
JGR, 2011

“Gap Region”
Between ionosphere
and MHD I1.B.
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e Qutflow calculation > MHD state variables at
iInner boundary.

« Can be achieved via ad-hoc, empirical, or first-
principles models.
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Outflow and CPCP

Outflow & MHD studies - 2::;“.:“::ifEfE.‘tt::::‘Z.“:‘}.,m’
repeatedly find that slow, |
dense outflow reduces
CPCP.
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Cascading Effects of CPCP Drop M
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Many Potential Explanations M

Publication Explanation

Winglee et al.,

5002 Mass loading of field lines. Perhaps.

Increase in |.B. density altering
FACs.

Blunting of mag’sphere Occurs, but does not
reduces width of upstream account for total CPCP
geoeffective length. reduction®.

Glocer et al., 2009 Unclear...

Brambles et al.
2010

Wiltberger et al., Increase in |.B. density altering Not applicable to BATS,
2010 ionosphere conductance. possible for LFM.

Welling & Zaharia, Cold mass reduces Alfven

. No.
over a beer. speed, MHD reconnection.

Each line represents one potential explanation
from a single model/run-set.
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Advanced Outflow + MHD Formula M

3D PWOM Solution

Glocer et al,,
JGR, 2011

“Gap Region”
Between ionosphere
and MHD I1.B.
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* More complex outflow models need input!

 If MHD provides inputs to outflow model,
feedback loops develop.
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Outflow and Substorms
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Outflow and Sawteeth
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Testing Outflow Sawteeth M

Liao et al [2014] investigated plasma sheet conditions
during sawteeth & substorms using Cluster
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Liao et al., JGR, 2014 O*/H* Density Ratio Range

« Sawteeth event density increases with O*/H* ratio
« Strongest O*/H* ratios occur during non-events.
O+ mass loading appears necessary but not sufficient.
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drives'R2 FACs

e Passed to
PWOM via MHD
transients drive

O* outflow. (o]

3D Equil. B
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Region 2 FACs
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J Radial (#A/m2 )

« 2-Way coupling yields stronger region 2 FACs.
» Better agreement with Weimer models.
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Net Fluence
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...and back to the Ring Current.

RAM-SCB Average Energy Density
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Questions Abound! M

MHD results show that outflow must not be
thought of as a simple source of plasma,
but part of the tightly-coupled, non-linear
system.

UNSOLVED PROBLEMS:

. Do these feedback systems manifest in the real
magnetosphere?

. How do we observe them?
. What other feedback loops exist?

10/1/15 UPMP Workshop 2015




References

Brambles, O. J., W. Lotko, P. A. Damiano, B. Zhang, M. Wiltberger, and J. Lyon (2010), Effects of causally driven
cusp O+ outflow on the storm time magnetosphere-ionosphere system using a multifluid global simulation,
Journal of Geophysical Research (Space Physics), 115, 0—+, doi:10.1029/2010JA015469.

Brambles, O. J., W. Lotko, B. Zhang, M. Wiltberger, J. Lyon, and R. J. Strangeway (2011), Magnetosphere
sawtooth oscillations induced by ionospheric outflow, Science, 332 (6034), 1183, doi:10.1126/science.
1202869.

Glocer, A., G. To'th, T. Gombosi, and D. T. Welling (2009), Modeling ionospheric outflows and their impact on the
magnetosphere, initial results, Journal of Geophysical Research (Space Physics), 114, 5216—+, doi:
10.1029/2009JA014053.

Glocer, A., N. Kitamura, G. Toth, and T. Gombosi (2012), Modeling solar zenith angle effects on the polar wind, J.
Geophys. Res., 117, A04318, doi:10.1029/2011JA017136Strangeway, R. J., R. E. Ergun, Y. J. Su, C. W.
Carlson, and R. C. Elphic (2005), Factors controlling ionospheric outflows as observed at intermediate
altitudes, J. Geophys. Res., 110, A03221, doi:10.1029/2004JA010829.

Liao, J. et al., 2014. The relationship between sawtooth events and O + in the plasma sheet. Journal of
Geophysical Research: Space Physics, 119(3), pp.1572—1586.

Welling, D. T., V. K. Jordanova, S. G. Zaharia, A. Glocer, and G. Toth (2011), The effects of dynamic ionospheric
outflow on the ring current, Journal of Geophysical Research (Space Physics), 116, doi:
10.1029/2010JA015642.

Welling, D. T., and S. G. Zaharia (2012), lonospheric outflow and cross polar cap potential: What is the role of
magnetospheric inflation?, Geophys. Res. Lett., 39, L23101, doi:10.1029/2012GL054228.

Welling, D.T. et al., 2015. The two-way relationship between ionospheric outflow and the ring current. Journal of
Geophysical Research: Space Physics, 120(6), pp.4338-4353.

Wiltberger, M., W. Lotko, J. G. Lyon, P. Damiano, and V. Merkin (2010), Influ- ence of cusp O+ outflow on
magnetotail dynamics in a multifluid MHD model of the magnetosphere, Journal of Geophysical Research
(Space Physics), 115, 0—+, doi: 10.1029/2010JA015579.

Winglee, R. M., D. Chua, M. Brittnacher, G. K. Parks, and G. Lu (2002), Global impact of ionospheric outflows on

®

the dynamics of the magnetosphere and cross-polar cap potential, Journal of Geophysical Research (Space

Physics), 107, 1237—+, doi: 10.1029/2001JA000214.

10/1/15 UPMP Workshop 2015 16




