A.
Topic:
Plasmasphere-Magnetosphere Interactions
This focus group studies the coupled plasmasphere-magnetosphere system.  Coupling between the plasmasphere and the rest of the magnetosphere occurs both ways.  Plasmaspheric dynamics are controlled by magnetospheric convection—driven by the solar wind, and modified by internal coupling processes such as Region 2 currents and ionosphere-thermosphere coupling.  In turn, the plasmasphere affects and controls many critical physical processes in the magnetosphere.

A.1
Plasmaspheric Plumes
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Figure 1.
(a) Left panel:  Extreme ultraviolet image of the of the plasmasphere, mapped to the magnetic equatorial plane.  The Earth is in the center, with the Sun to the right.  The plasmasphere is the green-to-white region surrounding the Earth.  The green coloration is a false color representation of the plasmasphere's ultraviolet glow, which comes from scattered sunlight.  Note the shadow behind the Earth where sunlight is blocked.  Also note the plasmaspheric plume, a long "tail" of plasma that stretches away from the main plasmasphere, and is a signature of plasmaspheric erosion.



(b) Right panel:  Simulated image of the plasmasphere as seen from a vantage point on the surface of the Moon.  This "side view" gives an indication that inside a plume, entire flux tubes move, carrying cold dense plasma sunward to the magnetopause.
Erosion of the plasmasphere produces plumes of cold, dense plasma that stretch sunward from the main plasmasphere (see Figure 1).  Reflecting the fact that plumes move sunward in the prevailing convective flow, plume plasma has been observed (via both remote sensing and in situ data) at L shells ranging from the plasmapause to the magnetopause.  However, the fate of plasmaspheric plumes once they encounter the magnetopause remains uncertain even after decades of research.  Outstanding puzzles and questions include:

•
Plumes at the Reconnection Site.  Plume plasma is believed to intersect the dayside magnetopause reconnection site.  What happens to plume plasma at the reconnection site?  Is it heated or transformed by its passage through the X-point?  How does the dense plasma affect the reconnection rate (and thus the effectiveness of solar-wind-magnetosphere coupling)? 

•
EMIC Wave Growth Near or Inside Plumes.   The plume's trajectory is such that it cuts radially through the duskside ring current, creating an overlap of cold, dense, Oxygen-rich plasma with warm, tenuous plasma, a condition that is believed to favor growth of electromagnetic ion cyclotron (EMIC) waves that satisfy the proper resonance condition to scatter outer belt electrons and ring current protons.  However, is this a major loss term?  What is the detailed global and small-scale spatial/temporal evolution of EMIC waves near or inside plumes?  We need this knowledge to attempt to quantify the role of EMIC waves in stormtime electron dropouts. 

•
Lumpiness of Plumes.  Within plumes, the density varies considerably, on all spatial scales.  Is this evidence of turbulence in the convective flows that create and maintain the plumes, or does it indicate plasma instabilities of some kind?

•
Plume Plasma on Open Field Lines:  Magnetosheath Interactions.  Once through the reconnection site, plume flux tubes are opened up to the magnetosheath and solar wind, with one footpoint still connected to the ionosphere.  What happens to the cold, dense plasmaspheric plasma on these newly opened field lines?  We know from numerous previous studies that the lowest-altitude portion of the field line can retain its density, and that a dense tongue of ionization can be carried over the polar cap and possibly even recirculated to the dayside.  However, does the high altitude portion of this flux tube empty out into the solar wind?  If some or all of the plume plasma remains on high-altitude portions of the field line, how much or in what ways is it altered by mingling or heating by magnetosheath plasma?

•
Plume Plasma on Open Field Lines:  Ionosphere Interactions.  As mentioned above, the footpoints of these newly-opened field lines remain connected to the ionosphere.  How does outflow of ionospheric plasma along these field lines affect the rest of the flux tube?  If the flux tube is partially emptied, on what time scales is it refilled during its journey over the polar cap?

•
Recirculation of Plumes Into the Plasma Sheet.  Once over the polar cap, do plumes pass through the nightside reconnection site?  If so, how is the plume plasma affected by this transition?  How is the reconnection rate affected by plume flux tubes that have returned from the polar cap?  Does plume plasma survive to enrich the plasma sheet?  Does this enriched plasma sheet then change the composition of ring current injections?  Related to possible participation in nightside reconnection, can enrichment of tail field lines slow the reconnection rate and possibly change the timing of substorms or "double dip" storms?

A.2
The Recovery Phase Plasmasphere 
Plumes are the main plasmaspheric byproduct of stormtime convection, but they can survive well into the deep recovery phase, becoming wrapped around the main plasmaspheric torus with increasing time since the start of recovery.  In parallel with this plume wrapping process, the recovery phase is a time when new density structure is generated at all observable spatial scales, inside the plasmasphere and especially at the plasmapause boundary.  Some outstanding puzzles are:

•
Plume Wrapping Process.  In models, wrapping plumes become increasingly "filamentary" in nature as time progresses since the start of recovery.  That is, they become extremely narrow in width—hundredths of an earth radius (RE), but in most models are a relatively smooth feature.  In observations, however, plumes never seem to become much thinner (in width) than a few tenths of an RE, and within the plume itself there is considerable structure, so that a wrapped-up plume can sometimes consist of a chain of "lumps" or "beads", strung out in an arc like the Aleutian islands.  What limits the scale size of the width of plumes, and what controls the creation of internal plume "beading"?

•
Refilling.  It is known that during recovery, flux tubes newly incoporated into the corotation region begin to slowly refill with cold ionospheric plasma.  Although recent studies have shed some light on the refilling process, we still lack much information about the detailed spatial and temporal dependence of the refilling process.  

•
Whistlers/Hiss/Chorus. Whistler mode waves (hiss, chorus) are believed to play a crucial role in the loss and acceleration of outer belt electrons.  Statistical studies in and near the plasmasphere give important information about the wave characteristics, but these average models do not address why post-storm outer belt intensifications vary so much from one event to the next, even for storms with similar Dst.  We need to address the generation and growth mechanisms to try to gain a more thorough knowledge of these waves.

•
Subcorotation.  Observations show that the recovery phase plasmasphere can lag behind strict corotation by 10 to 15 percent.  It has been proposed that corotation lag is caused by coupling to neutral winds, but if this is so, what are the detailed spatial and temporal properties of the neutral wind contribution to the recovery phase inner magnetospheric convection field?

•
Unknown Density Features.  During recovery phase, the convection field weakens, and becomes turbulent, so that rather than the organized sunward convective forcing, the plasmaspheric plasma seems to move in response to slow-acting, sub-global vortical flows.  Density features such as crenulations, notches, dayside shoulders, etc. are created.  What mechanism causes these vortical/turbulent flows?  Can this weak and turbulent recovery phase convection field be modeled?

B.
Relation to existing Focus Groups (FGs).
This topic has an impact on all aspects of the geospace system.  Thus, the proposed FG contributes to the following existing FGs:  GGCM Metrics, Validation, Modules and Methods

(1)   The presence of plume plasma would affect reconnection rates on both dayside and nightside, Thus, it can exert control over solar-wind-magnetosphere coupling, and substorm triggering.

•      In this respect, the proposed FG contributes to the following existing FGs:  



Component versus Anti-parallel Reconneciton

(2)  The dynamics of plume plasma on open flux tubes (in the polar cap) intrinsically involves global coupling among the ionosphere, magnetosphere, and magnetosheath.  

•      In this respect, the proposed FG contributes to the following existing FGs:  



Foreshock, Bowshock, magnetosheath



Component versus Anti-parallel Reconneciton



Cusp Physics



MIC Mass Exchange, Electrodynamics, and Global Coupling

(3)  The presence of higher number density and heavier ions in the plasma sheet and inner magnetosphere affects wave propagation and the strength of ring current injections and associated field aligned currents. 

- These phenomena in turn affect the fundamental storm-time response and recovery of the magnetosphere.  

- The specifics of wave propagation, composition, and ring current pressure will also exert control over radiation belt energization and loss.

•      In this respect, the proposed FG contributes to the following existing FGs:  



GGCM Metrics, Validation, Modules and Methods



Plasma Entry into the Tail



MIC Mass Exchange, Electrodynamics, and Global Coupling

C.
Data Sources:  

C1.
Historical
There is still a lot of data from old missions that remains unanalyzed, which could be modeled productively.  We have learned a lot in the past several years from IMAGE, and now is the time to use that new understanding to revisit old data sets.

IMAGE (EUV and RPI)

CRRES (PWI and EFI)

Polar (PWI and EFI)

LANL (MPA)

DMSP (ion and flows)

Ground stations and TEC

Akebono

C2.
New Data
These missions (either current, or proposed) will (or could conceivably) provide new sources of data during this focus group's lifetime.

LANL

DMSP

Ground stations and TEC

THEMIS

D.
Goal:  

We wish to answer or solve the specific science questions listed in Section A.  In the process, this FG will use the science understanding to refine GGCM modules for various aspects of the geospace system that are affected by this topic.  For example, we can help tune modules of ionosphere outflow and MI electrodynamical coupling, or can help calibrate modules for reconnection rates.


The names of the co-chairs.
Proposed Co-Chairs:
Jerry Goldstein, Joseph Borovsky, Mark Moldwin, John Foster, Don Carpenter

Proposed Term:

5 years


Expected activities.

2008 Summar Workshop
To initiate this FG, we propose the following sessions in the 2008 GEM Summer Workshop:

(1)
Tutorial in the plenary session to present the motivation and goals of the focus group.

(2)
Breakout Planning Session to let the GEM community help map out the future of this FG.

(3)
Breakout Science Session to get started on one science topic, Plasmasphere-Magnetosphere: Waves, as discussed in the Topic Schedule below.


Proposed Session Topic Schedule:

We propose four main topic groups whose sessions commence on a staggered schedule.  In any given year (after 2008, the initial year), there would be more than one topic being examined concurrently.  Each topic would "run" for the nominal duration of two years, although this could be extended if warranted.  For example, according to this rough plan Plasmasphere-Magnetosphere: Waves would have sessions in 2008 and 2009, and Plume Interactions would have sessions in 2009 and 2010; there would be an overlap of these two topics in 2009.

	Proposed Schedule of Session Topics for FG   Plasmasphere-Magnetosphere Interactions                  2008 - 2013

	

	

	2008-2010
	Plasmasphere-Magnetosphere:  Waves

	Sub-Topics
	EMIC Wave Growth

	
	Whistlers/Hiss/Chorus

	
	Plume Lumpiness

	2009-2011
	Plume Interactions

	Sub-Topics
	Open Field Lines (Sheath, Ionosphere)

	
	Plume Recirculation

	
	Plume Wrapping

	2010-2012
	Plasmaspheric Density Features

	Sub-Topics
	Unknown Density Features

	
	Lumpiness Inside Plumes

	2011-2013
	The Quiet-Time Plasmasphere

	Sub-Topics
	Refilling

	
	Plume Wrapping

	
	Subcorotation

	
	Unknown Density Features


