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Plasmasphere Magnetosphere Interactions (PMI) Focus Group 

How Are Magnetospheric Processes Regulated By Plasmaspheric Dynamics (and Vice Versa)?

2009 Focus Group Report
Conveners:  J. Goldstein, M. Spasojevic, J. Borovsky

Wiki:   http://aten.igpp.ucla.edu/gemwiki/index.php/FG11._Plasmasphere-Magnetosphere_Interactions

ABRIDGED LINK:    http://tinyurl.com/pmiFGwiki
Purpose of This Document
This is a report of activities of the Plasmasphere-Magnetosphere Interactions (PMI) Focus Group (FG) at the Geospace Environment Modeling (GEM) Workshop which took place 21-26 June 2009 in Snowmass, Colorado.  This document presents a broad overview of the physical ideas discussed rather than a detailed summary of each and every presentation.

Other Documents, Posted on the PMI Wiki Page (http://tinyurl.com/pmiFGwiki):

Detailed information about the presentations is available on the PMI Wiki Page, as follows.

PMI09_Session_Notes.doc 
Detailed notes from the various PMI sessions.

GEM_PMI09-actual.pdf 
 
The schedule of presentations for all PMI sessions.

PMI09_[N].zip 
PMI Presentations (.ppt or .pdf); [N] identifies the session from which the talk came (1A, 1B, 2, 3, or CEDAR; see PMI Breakout list below.)

Format of the 2009 GEM PMI Sessions
Presenters were encouraged (both in advance and at the sessions) to keep their presentations brief and informal, leaving time for questions and discussions, fostering an atmosphere of active exchange of ideas among speaker and audience.  

PMI Breakout Sessions
To address the PMI FG's central question, "How Are Magnetospheric Processes Regulated By Plasmaspheric Dynamics (and Vice Versa)?" we hosted five (5) sessions at the 2009 GEM Summer Workshop.  The detailed schedule is posted on the PMI Wiki as indicated above.   

In this next section of the PMI Focus Group Report, each PMI Breakout Session is listed with its Topic, Top-Level Science Question(s), and Purpose, followed by a brief summary of what was discussed and accomplished at the session.

Monday, 22 June 2009

PMI Breakout 1A: 
10:30am - 12:15pm.      Topic:  "Wave Growth and Propagation"

How does the evolving global distribution of cold plasma govern the growth and propagation of waves that control energetic particle distributions & dynamics?
This topic addresses the influence of ambient plasma upon how waves are produced, and how they propagate. To be examined are the conditions for growth and propagation of various waves including EMIC, whistlers (hiss, chorus), ULF, especially the influence of ambient plasma properties (such as density, composition, and spatial structure on various scale sizes). 

Several presentations elucidated the theoretical quantitative effect of background plasma upon wave development and propagation.  Ray tracing simulations indicate that VLF whistler waves spend more time in the plasmasphere than in regions with more tenuous plasma, and the whistler wave growth rate is heavily dependent upon the background density. Complementing these theoretical studies were several presentations highlighting the observational evidence that background density is a crucial influence upon wave growth and propagation.  ULF waves are severely attenuated inside the plasmasphere.  There is certainly a correlation between plumes and electromagnetic ion cyclotron (EMIC) waves (as revealed both by direct in situ cross-comparison and in situ plasma proxies for EMIC growth).   However, it has become clear that there is a second process (besides growth in plume plasma) of the temperature anisotropy that favors EMIC growth:  magnetic compression by solar wind pressure pulses, leading to EMIC wave growth in the outer magnetosphere.  This systematic organization (by physical process) of EMIC wave growth has emerged from all observations:  in situ, ground-based, and global imaging.


Monday, 22 June 2009     (continued)
PMI Breakout 1B: 
1:30 - 3:00pm.      Topic:  "Plasma Influence on Wave Particle Interactions"

How do ambient plasma properties such as temperature, density, and composition influence wave particle interactions?
This topic focuses on how ambient plasma influences the wave-particle interactions themselves, examining how various plasma properties (such as density, composition, and spatial structure on various scale sizes) help govern the effectiveness of various waves in changing the energy or pitch angle of energetic particles. 

Again, theoretical and observational studies were used hand-in-hand to examine the influence of ambient plasma upon wave particle interactions.  The wave normal angle clearly influences the scattering rate.  EMIC energization of He+ seems concentrated in the afternoon sector but close to the magnetopause, which could arise from either of the two EMIC-generation processes listed above; more study is clearly needed.  Because EMIC waves are believed to scatter ions effectively, two imaging tools have emerged as possible proxies for EMIC waves:  proton aurora seen by IMAGE FUV and low altitude ENAs observed by the two TWINS spacecraft.


Monday, 22 June 2009     (continued)
PMI Breakout 2: 

3:30 - 5:00pm.      Topic:  "Plume Transport, Evolution, and Influence"

How does eroded plasmaspheric material get transported, evolve, and influence reconnection?
This topic examines the formation, dynamics, and fate of plasmaspheric plume plasma. Specific concepts to be addressed include (but are not limited to): observation or modeling of cold, dense plasma mixed with magnetospheric plasma, plume plasma at reconnection sites or on open field lines, recirculation or redistribution of cold, dense plasma into the cusp and plasmasheet. 

Numerous observations were presented that illustrate that plume plasma is highly structured, both in flow field and in density, with indications of fine structure on scale sizes below what instruments have ever measured.  The creation of this fine structure is still an outstanding question:  does it arise from turbulent electric/magnetic fields, or does ExB-drifting plume plasma spontaneously shred itself as it convects?  The global structure is better understood and quantified:  during storms and substorms plume plasma convects  sunward inside a corridor whose shape, size, and location vary with epoch time and disturbance level.

The influence of plumes was also examined.  Observations were shown that illustrate a measurable control of plume plasma upon the reconnection rate.  An invited "crossover talk" by Cassak (from the Dayside Magnetopause Reconnection focus group) presented a theoretical analysis quantifying how asymmetric reconnection (i.e., reconnection in which inflow and outflow regions have different properties) is applicable to the plume influence on DMR.  Observations also show that super dense plasmasheet (possibly enriched by plumes) may influence the stormtime level of relativistic electrons.

Tuesday, 23 June 2009

PMI Breakout 3: 

10:30am - 12:15pm.      Topic:  "Plasma Density Structure and Evolution"

How do density structures of various spatial and temporal scales form and evolve?  How does plasmaspheric filling vary spatially and on time scales from hourly to solar cycle?

This session addresses outstanding questions about the dynamics of density structures in the plasmasphere. Ideas to be covered include plume fine structure & turbulence, plasma instabilities, refilling, ionosphere-thermosphere-plasmasphere interactions, and subcorotation. 

New observational capabilities were explored, such as the burgeoning field of plasmaspheric tomography using GPS signals and analysis of ultra-low-frequency (ULF) waves observed by ground magnetometer stations.  Tomography is now allowing us to obtain a global snapshot of the entire (or the majority of the) dayside cold density distribution.  These new and developing observational techniques can augment the already extensive cold plasma measurment database used by the GEM community.

Much discussion was devoted to how cold plasma density features can be used to diagnose inner magnetospheric (IM) electrodynamics.  For example, by using correlation analysis (both manual and computer-automated), notches and other sublte features can be tracked to help quantify (and ultimately, explain) the rate at which IM plasma subcorotates; i.e., lags behind strict corotation with the rigid Earth.  Modeling of undulatory ripples that travel across the duskside plasmapause has revealed a new type of region-2 current system, i.e., traveling pairs of filamentary region-2 currents that arise from interchange unstable ring current plasma and modulate the cold background density/

Thursday, 25 June 2009

Joint PMI-CEDAR session: 
3:30 - 5:00pm.      

Topic:  "Plasmasphere, Magnetosphere, Ionosphere: Overall System Response"

How do PMI processes influence the overall system response to storms?
This session was held jointly with scientists who attended CEDAR the following week.  This topic investigates the effects of redistribution of thermal ions (ionospheric and plasmaspheric) on the stormtime response of the overall magnetospheric system. The goal is to develop our understanding of the interaction among components of the larger system. 

Several presentations examined how various subsystems (e.g., ionosphere, ring current, neutral winds, etc.) fit together into the larger magnetospheric system, and how these various components interact as part of the overall system response during stormtime.   Some discussion focused upon what concrete progress has been made in understanding specific subsystems or their interrelationship.  For example, the relationship between plasmaspheric plumes and ionospheric storm-enhanced density (SED) tongues was explored at length, with the conclusion that the dynamics of SED tongues and plumes are clearly linked during stormtime, indicating strong M-I coupling along the entire flux tube.  Several key plasmaspheric effects upon the magnetosphere-ionosphere system were also scrutinized as to whether they have been confirmed or not.  All in all, concrete progress has indeed been made, and our methodology promises that progress will continue in the coming years.

Planned Activities:  2009 – 2010.
There are numerous ongoing studies by researchers participating in the PMI FG.  Coordination of these various studies will be via the PMI Wiki page (http://tinyurl.com/pmiFGwiki) and via the PMI Mailer List, which includes 60 people as of the writing of this report (with several joining after this year's workshop).  

The goal is to promote synthesis of the various studies into a system-level conceptual framework; PMI is by its very nature a system-level FG.  We also plan to continue to recruit participation (in the form of crossover talks) in PMI from other focus groups whose topics overlap ours, including 

FG 5.
Dayside Magnetopause Reconnection

FG 8.
Near Earth Magnetosphere

FG 9.
Space Radiation Climatology

FG 10.
Diffuse Auroral Precipitation.

We also will continue to solicit and encourage participation from other non-GEM disciplines such as CEDAR, thus promoting the system-level view of the geospace environment.

