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GEM 2008 Plasmasphere-Magnetosphere Interactions (PMI) Focus Group Report

Conveners:

    Jerry Goldstein,   Joseph Borovsky

Topic Chair:
Maria Spasojevic  (Wave-Particle Interactions)

GEM Wiki Page:
http://aten.igpp.ucla.edu/gemwiki/index.php/FG11._Plasmasphere-Magnetosphere_Interactions
Overview:
At the 2008 GEM Meeting in Zermatt Resort, Midway, Utah, the Plasmasphere-Magnetosphere Interactions (PMI) Focus Group held four breakout sessions and hosted one tutorial:

PMI 1:
"Waves in the Plasmasphere-Magnetosphere System"
10:30-12:15
Mon., 23 June

PMI 2:
"Dynamics and Recirculation of Plasmaspheric Plumes"
10:30-12:15
Tue., 24 June

PMI 3:
"Planning Session Part A"



15:30-17:00
Tue., 24 June

PMI 4:
"Planning Session Part B"



10:30-12:00
Wed., 25 June

Tutorial:
Maria Spasojevic




09:00-09:40
Fri., 27 June


Science Breakouts (PMI 1 and 2):
The two kick-off science breakouts were extremely well-attended.  At the encouragement of the PMI conveners, speakers kept their presentations fairly brief and informal.  Following each talk, the questioning and discussion was allowed to continue until it naturally led into the next presentation, rather than cutting off discussion to make room for AGU-style talks.  This approach fostered much free-form discussion, and generated a list of science questions to attack in the coming years of our new focus group.  These science questions are listed in a Word document (PMI-ScienceQuestions.doc) that is linked on the GEM Wiki Page (see URL above).


Planning Breakouts (PMI 3 and 4):
The first planning breakout (PMI 3) began with several "overflow" presentations, i.e., brief talks contributed to the PMI FG this year, but which did not fit into the two science breakouts (either because the subject matter was not specific to PMI 1 or 2, or because there wasn't enough time in these sessions).  These overflow presentations were mostly concerning plasmaspheric refilling or outflow, with a few talks discussing future capabilities or facilities that might benefit the PMI FG.  Because there were so many overflow talks, a second planning breakout (PMI 4) was scheduled on the spot for the following morning.  The planning sessions produced additional science questions in support of future PMI activities.  At PMI 4 session, a sign-up sheet was passed around for people interested in being on the PMI mailer list.  The mailer list comprises (as of 1 July 2008) 31 scientists most of whom listed on the sign-up sheet their planned PMI-related activities for the coming year.


Tutorial:
Maria Spasojevic gave an excellent, very well received tutorial that introduced the basic concepts of the plasmasphere-magnetosphere interaction, reviewed work that has been done, and listed unsolved science puzzles which the PMI FG will hope to address.  A day before the tutorial, Goldstein and Spasojevic met and hashed out the science/conceptual structure of the PMI investigation, as enumerated in detail in the Word document PMI-ScienceQuestions.doc linked on the GEM Wiki Page.  The PMI investigations are grouped into four Main Topics (I through IV in PMI-ScienceQuestions.doc), each of which has two main questions (A. and B. in PMI-ScienceQuestions.doc).  Each Main Topic will have a Topic Chair assigned to guide the science investigations; Maria Spasojevic has accepted the request to chair  Wave-Particle Interactions (Topic I); Joe Borovsky will be acting chair of Plume Dynamics & Recirculation (Topic II).  It is planned that every year at GEM, each Main Topic would host one or more breakout sessions; the planned breakout session sub-topics are also listed in the linked Word document.
Scicnce Summary:
I.    WAVE-PARTICLE INTERACTIONS:  

The PMI investigation of this topic will be organized by two main questions:  

A.
How does the evolving global distribution of cold plasma govern the growth and propagation of waves, specifically those that control energetic particle distributions & dynamics? and (B)

B.
How do ambient plasma properties such as temperature, density, and composition influence wave particle interactions?

Stated simply, these break up into "Wave Growth & Propagation" and "Wave Influence (on Energetic Particles)", and they both require knowledge and understanding of the ambient plasma properties, especially of the plasmasphere.  

Discussion (in the PMI 1 breakout session) of this topic was quite lively, with a consensus yielding the following observations:

1.
The "important" waves (i.e., those that influence energetic particles) appear to be EMIC, hiss, chorus, and magnetosonic.  

2.
To really solve the wave particle interactions problem, we would ideally like to know the amplitude of all "important" waves at all locations.  Understanding the impossibility of this ideal, the following practical approaches were discussed:

a.
One approach to characterizing waves is to perform several case studies and attempt to draw general conclusions.  Illustrating this approach with case studies of EMIC waves, Mark Engebretson demonstrated how sparse, temporally-separated observations can yield (apparently) conflicting rules for occurrence and amplitude.  

b.
Another approach is to use a large database of wave observations (e.g., a mission's worth) and attempt to produce an empirical model parameterized by various activity indices.  Nigel Meredith has adopted this approach, using CRRES data in several studies of hiss, EMIC, chorus, etc.  Despite their universal appeal, the weaknesses of the currently available empirical characterizations seem to be 

i. 
"averaged" amplitudes will smooth out extrema and blur the spatial-temporal relationship (and obscure the presence or absence of plumes), and 

ii.
 because plasmaspheric properties are so important to wave growth (and influence), what we really need is some way to characterize wave amplitude & occurrence based on the presence or absence of plumes or plasmasphere.  With the knowledge that plumes follow a predictable dynamical pattern according to the most recent change in convection, perhaps a superposed epoch characterization (rather than Kp or Dst, etc.) would yield a better emprical wave model.

c.
It has also been suggested that the best way to get the global dynamic view we seek is to just use self-consistent models (such as Vania Jordanova's).  However, we are still working on addressing important limitations of these models.  

i.
For example, and most relevant to EMIC wave growth, we believe that the internal fine structure of plumes can generate EMIC waves throughout the plume, rather than just at the global boundaries (as is the case in the current formulation of these models, which have "smooth" density profiles inside the plume).  Vania volunteered to examine whether or not internal fine structure could be simulated in a simple (and perhaps not self-consistent) way.

ii.
Also related to this point, the discussion focused for quite some time upon the generation mechanism for the fine structure within plumes.  Joe Borovsky, who likes to call this fine structure "plume lumpiness", has for some time advocated an inherent tendency for ExB drift to become turbulent, this opinion apparently based on satellite-based experiments that dumped plasma into space. Whatever the name or cause, it is clear that no measurement has ever fully resolved the fine structure of the apparently turbulent and/or filamentary density variations within plumes.  A truly self-consistent treatment must understand the genesis of this structure.

I.    PLUME DYNAMICS & RECIRCULATION:  

The PMI investigation of this topic will be organized by two main questions:  

A.
How is eroded plasmaspheric material transported throughout the magnetosphere, and how does it evolve?

B.
How do plumes influence the reconnection process, and what are the implications for solar-wind-magnetosphere coupling?

These two main questions will be attacked in several breakout session sub-topics:

1.  Dayside/Flank Plume Circulation 

2.  Plume Plasma and Dayside Reconnection

3.  Plumes in the Polar Cap

4.  Nightside Cold Plasma Circulation
At the PMI 2 breakout, discussion was once again quite lively.  We spent most of our time on subtopic 3 (Plumes in the Polar Cap), with substantially less time on subtopic 2 (Dayside/Flank Plume Circulation).  The discussion yielded the following consensus obsevations:

1.
To understand how plume plasma reaches the dayside magnetopause:

a.
In the coming year, we need to work out a model that predicts the MLT-vs-UT-vs-L-shell dependence of plumes.  Specifically, in the recovery phase, when the plume is wrapping, where/when does the plume cross geostationary orbit?  How "wrapped up" are the plumes? Etc.

b.
We also should look into any means of determining how much plasma gets stranded in the dayside afternoon sector during recovery, and how much plasma that does reach the magnetopause remains on closed field lines and gets recirculated by the antisunward flow along the flanks.

2.
By examining polar cap observations, we might hope to get a handle on how much plume plasma is heated or lost during its passage through the dayside reconnection site, and how much cold plasma is retained on the open field lines.

3.
Yi Jiun Su's outstanding study of polar cap observations of what appears to be plume plasma convecting toward the nightside illustrated the following issues:

a.
It is critical to distinguish between plume plasma and ionospheric outflow plasma.

b.
Polar cap field lines are probably not in diffusive or thermal equilibrium; therefore, the ionospheric footpoint  (e.g., as seen in ionospheric TEC or radar) may not be a robust proxy for the rest of the field line.

c.
Not all "polar patches" seen in radar are plumes.  It also appears that not all plumes produce polar patches.

