Plasmasphere Magnetosphere Interactions (PMI) Focus Group Sessions 

at GEM 2009

Notes taken by J. Goldstein, M. Spasojevic, P. Puhl-Quinn
This document summarizes main or outstanding points of most of the PMI presentations. 

It should not be considered a comprehensive or complete set of notes.
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10:30-12:15
Breakout 1A:
"Wave Growth and Propagation"


Session Chair:  Maria Spasojevic 







 

How does the evolving global distribution of cold plasma govern the growth and propagation of waves that control energetic particle distributions & dynamics?
Jordanova
modeling whistler wave growth,  inner msphere


Wave Growth & Propagation.   RAM model results from April 2001 storm (GEM IM/S challenge).  Showed phase space density at diff. MLT, exhibiting decrease on dayside relative to nightside.   Temperature Anisotropy (A=T(/TII-1) shows anisotropy larger outside plasmasphere.  Whistler growth rate L=6 on the nightside... 100dB gain near outer boundary of code.  Chorus can produce anisotropy?  Thorne comment: 100dB gain during injections, and anisotropy.

Lunjin Chen
3D ray tracing on VLF waves


Wave Growth & Propagation.   Goal is to examine origin of plasmaspheric hiss, test Bortnik et al. 2008 Nature result  that hiss from discrete chorus emissions propagating into plasmasphere from outside.  Use 3D density model (RAM code + Denton 2002 for latitude dep.), calculate ray paths.  Wave damping not included.  Suprathermal electron model (f = An/vn of Bortnik et al. '07).  Lifetimes of VLF waves defined as when rel. wave power drops below 1%, waves go to L > 9 or r < 1.1 RE, OR after 50 sec.  Longest lifetimes found inside psphere.  VLF waves do propagate from outside psphere to inside, and also azimuthally.

Yuri Shprits
Rad belt modeling


Plasma Influence on W/P Interactions.   Dependence of scattering rates (quasi linear) on wave normal distribution of chorus.  Theoretical treatment.  Examined three PA distributions:  (1) field aligned, (2) oblique, and (3) highly oblique.    Lower band chorus (0.65 Omega_ce).  Though there may be O(10) change close to equatorial PA, it's close to the loss cone that we care about.   If freq. distribution is very narrow or wave normal distr. is very narrow, wave normal angle may be important, in addition to wave power.  Need a statistical model of wave normal distribution for chorus.  At 10 keV, 100 keV, and 1 MeV pitch-angle AND energy scattering affecting electrons near the edge of the loss cone occurs within 10°, 20° and 30° of the magnetic equator respectively. Dominant pitch-angle scattering for MeV electrons occurs at latitudes above 20° independent of the assumed wave-normal distribution.   The presented results show that knowledge of the wave normal distribution of chorus waves becomes important for determining the energy scattering rates at ~10 keV, for which Landau resonance dominates scattering at small pitch-angles

Mike Hartinger
statistical Pc5 wave power in the psphere and trough (CRRES)


Wave Growth & Propagation.   Method:  identify plasmasphere, plasmatrough in CRRES data, detrend B-field, take FFT.  East-West and Radial components:  power falls off precipitously at decr. L, i.e., inside the plasmasphere.  Z-component, more or less flat.    MLT dependence?  Dawn strong K-H, dusk K-H & RC generated waves.

Richard Denton
2D simulations of EMIC waves


Wave Growth & Propagation.   EMIC Waves, 2D simulations.  First results, with no cold plasma.  Dipole geometry, single species:  protons.  Tperp/Tpara = 9, Beta 0.1.  Self consistent nonlinear simulation.  Result:  radial cross-L propagation of wave energy at 0.1 Alfven speed.

Spasojevic
Global evolution of EMIC waves


Plasma Influence on W/P Interactions.   Detached proton arcs in IMAGE FUV proton aurora data can be used to estimate the global EMIC wave distribution.  Example shown from 9 May 2001.  Proton arc of FUV maps to duskside edge of plume in EUV data.  Presumably, protons are precipitating from EMIC wave scattering.  Does this mean plume is a preferred site for such scattering?

13:30-15:00
Breakout 1B:
"Plasma Influence on Wave Particle Interactions"


Session Chair:  Jerry Goldstein









How do ambient plasma properties such as temperature, density, and composition influence wave particle interactions?
Liz MacDonald
EMIC


Plasma Influence on W/P Interactions.   Showed wave growth proxy based on hot and cold plasma parameters observed at geosynchronous. This is relatively recently published work. New work shown includes the comparison of the wave growth proxy with wave observations from the GOES spacecraft. Initial comparison show promise with some intervals consistent with proxy but others not as much.   Discussion: Richard Thorne mentioned that ring distributions could also lead to EMIC wave growth not just temperature anisotropy. Mentioned df/dv_perp would be a better measure of free energy available for wave growth

Fraser
Pc5 Modulation of Plume Density & EMIC Waves


Plasma Influence on W/P Interactions.   Showed CRRES EMIC wave data overlaid with number density. Frequent occurrence of wave within small scale density irregularities associated with the plume. Both the background magnetic field and the density often show Pc5 modulations.  Background ne modulates with Pc5:  which causes which?        Discussion: Questions were raised about the wave power near the ion gyrofrequencies. Wave power here is v. important for particle scattering. However, unclear if this is instrumental effect.

Jichun Zhang
Case study: He+ energization (Cluster, Double Star)


Plasma Influence on W/P Interactions.   Showed a case study of Cluster  and Double Star observations in the outer magnetosphere (dusk flank near magnetosphere) during quiet geomagnetic conditions of He+ heating (up to 1 keV) perpendicular to B. Observed EMIC waves at the same time. 

Jichun Zhang
Statistical He+ energization (Cluster/CODIF)


Plasma Influence on W/P Interactions.   Case study was followed by a statistical analysis of the He+ heating. All heating events are found in the dusk sector (12-18 MLT). High density ratios of n_He+/n of ~75% in the range of 0.04-1keV. Events tend to occur at low pressure, northward IMF and Dst near 0. Speculated that waves generated at that time due to slow flow of the hot He+ or plasmapause expanded to the magnetopause during quiet:  increase convective growth rate of EMIC.    Discussion: Questions about why only dusk sector. Past observations have seen EMIC waves across dayside near magnetopause. However, this study started first with the He+ heating.

Weichao Tu
Electron precipitation and the plasmapause (SAMPEX)


Plasma Influence on W/P Interactions.   Showed electron dropout during a storm interval, the "Valentine's Day 2009" storm, Dst -40 nT (mild).  SAMPEX spacecraft observed a dropout followed by an increase in flux. GOES saw only increase in >2MeV flux after the storm. SAMPEX appears to see precipitative losses in both the bounce and drift loss cone. A model was employed, but I didn't quiet understand what was being done. Combined data and model to estimate electron lifetimes and source rates.    Discussion: Mary Hudson mentioned that this event was studied by the BARREL team and they associated the precipitative loss with chorus waves. Yuri Shprits, on the other hand, speculated that the fast loss at higher energies (4 MeV) pointed to EMIC waves.

Mark Engebretson
auroral zone obs of EMIC (BAS AGOs) and plumes at geosynch

Wave Growth & Propagation.   Compared the observation of plumes from LANL MPA observations (Borovsky/Denton database) to the observation of Pc1 waves from the BAS AGO stations. The stations are located at slightly higher latitude to the ground footprint of LANL. Pc1 waves are observed fairly symmetric about noon (perhaps slight shift post-noon) whereas plumes tend to be centered in the mid-afternoon sector. Overall appears to be little correlation between plumes in space and ground Pc1 events before, during or after storms.  Wave propagation effects to the ground station? 

Shprits

one slide

Wave Growth & Propagation.   Briefly mentioned new analysis of wave modes capable of violating the second adiabatic invariant. A component of the wave magnetic field parallel to background field is needed. Magnetosonic waves or highly oblique EMIC waves are possibilities.
15:30-17:00
Breakout 2:
"Plume Transport, Evolution, and Influence"


Session Chair:   Pamela Puhl-Quinn









How does eroded plasmaspheric material get transported, evolve, and influence reconnection?
Puhl-Quinn
In situ Cluster observations of plume convection


Showed Cluster observations of plume transport.  WHISPER, relaxation sounder.  Plasma freq to get plume density.  Also look at plume boundary velocity, in situ convection measurement using electron gun.  Plume detection impacted by:  orbit (passing thru plume region?), instrument mode /measurement problems, and/or plume density > 80/cc (upper limit of WHISPER).   Use SCPOT for plume detection as well.  Cluster observations of in-situ plume convection show strong sunward convection and wave activity in the post-noon sector and weak, co-rotating plumes in the dawn sector (Puhl-Quinn et al.) These convection results support both EUV and LANL-MPA studies.  Estimated sunward number flux ~ 103 cm-3 km s-1, which agrees with MPA study.  Provides important observational parameters for modeling asymmetric reconnection at the subsolar magnetopause

Paul Cassak
Dayside magnetopause reconnection


Classical models of reconnection assume symmetric fields & densities.  Cassak showed "asymmetric reconnection", in which the outflows were symmetric, but the inflows are not.  Two inflow regions:   (v1, B1) and (v2, B2).  Size of reconnection region L-by-delta.  Find that reconnection outflow speed scales as v2 ~ B1B2 (B1+B2)/(rho1B1+rho2B2) ~B1B2/rhoout.  Application possible to case where magnetospheric-side is mass-loaded with plasmaspheric drainage plume plasma.  The reconnection rate at the subsolar magnetopause, when plume material on the magnetospheric side is included, is significantly reduced:  If Msphere density increases from 0.2 to 30 cm-3, the rate decreases by 20%.

Chappell
informal: plumes and plasmaspheric density


Presented observational studies  (OGO-5, LANL, IMAGE) of blobs, plumes, fine scale features.   Plasmaspheric drainage has had colorful naming history (plasma blobs, tails, plumes), but a consistent description even since Ogo 5 (1968) is a “plume-shaped exhaust corridor containing separated and shredded plasmaspheric plasma”.  That is, plumes are highly structured, but these structures are transported via a "convection corridor" that can be considered part of an overall global structure which we call a plume.   Simple convection/co-rotation/SAPS models can describe plume transport well in the high-density images of IMAGE/EUV, but at lower densities there is more going on (separated and shredded). Delta n/n and velocity variability within plumes can be very high. Overall shape/path of this corridor can be seen instantaneously (in IMAGE) or statistically (OGO, LANL).  Flows (LANL) also highly structured/turbulent.  Comparison of LANL and OGO shows that structure is not just azimuthal—it is also in the radial direction.  That is, fluctuation scale sizes delta phi and delta r both small.  

Goldstein
TWINS precipitation


Effects of precipitation on ring current ions evident in low-altitude (precipitating) ENA emissions seen by the two TWINS spacecraft.  ENA low altitude emissions (LAE) are very narrow in altitude (as revealed by previous ASTRID-1/PIPPI observations).  There is preferred viewing geometry for seeing LAE:  need to be normal to the field line direction.  So we see them best from the opposite hemisphere.  (E.g., TWINS-1 at MLT1 would see LAE from MLT1 + 12 h, etc.)  LAE geomagnetic dependence:  LAEs go up in intensity with magnitude of Dst, and down in intensity with energy.

Borovsky
Rad belt dropouts, plumes & superdense psheet


Joe has examined and confirmed several plasmaspheric effects on M-I system:  (1) plasmasphere buildup (pre-storm) -> decay of outer belt (pre-storm), (2) drainage plume flow into reconnection site -> reduce dayside reconnection rate, (3) simultaneous plume + superdense plasma sheet -> rad belt dropout early in the storm.  His new result is (3):  Radiation belt dropouts early-on in HSS-driven storms correlate with the coincidence of plasmaspheric drainage plumes and a superdense plasmasheet.  Superposed epoch analysis:  slow decay during "calm before storm", followed by sudden dropout at main phase, and rapid recovery by end of +1 day after storm onset.  These dropouts strongly correlated with superdense plasma sheet, and dropouts begin when plume forms prior to the superdense plasma sheet.  Recovery from dropout when superdense plasma sheet ends—but plume can remain for days.  (But is the rotating plume still being fed into the reconnection cycle?).  Proposed to be a non-adiabatic process
Tuesday
23-Jun



10:30-12:15
Breakout 3:
"Plasma Density Structure and Evolution"


Session Chair:  Dennis Gallagher







  

How do density structures of various spatial and temporal scales form and evolve, and how does plasmaspheric filling vary spatially and on time scales from hourly to solar cycle?
Buzulukova
Ppause undulations, self-consistent E field



Study plasmapause undulations with CRCM+DGCPM model:  simulations of ppause undulations. These are transient plasmapause "waves" or "ripples" that propagate westward along ppause, associated with substorm ring current injection. Find that interchange instability (grad PV5/3 times grad V < 0) in RC can generate ring current "undulations" that produce filamentary pairs of region-2-like currents, which create (via M-I coupling) small-scale vortical E-fields that drive ppause undulations.

Galvan

Variability of plasmaspheric rotation rates


Studying plasmaspheric subcorotation using IMAGE EUV.  Typical state of psphere is subcorotation (88%-95%), mean CF lower for higher L.    Gallagher 2005 had tracked 18 notches and found subcorotation as low as 44%.  Burch et al explanation for subcorotation was that auroral heating causes equatorward motion of thermosphere; this equatorward neutral wind has to conserve angular momentum, so it slows down as it moves farther from rotation axis, leading to subcorotation.  Showed several examples of using a notch to track azimuthal motion of psphere. Performed both manual (tracking notches) and automated (using correlation analysis between two successive images 60 minutes apart).  Two techniques yield  ~same results.  Corotation factors (CFs) at L=2.5: 0.95, L=3.5: 0.9.   Dependence of CF on MBI and summed AE is mild, perhaps not as mild for Summed Kp and Dst at L=2.5.  Some LT dependence as well:  fastest near 15 MLT at L=2.5.  fastest near morning at L=3.5.  First measurement of plasmaspheric superrotation.  

Tu, Jiannan
Density trough inside the plasmasphere (couple of slides)


Studing density trough observed in situ by IMAGE RPI.  This is density "valley" from L=2.2 to 3, inside a steep gradient (plasmapause).  The feature appears to be field aligned, as judging from field-aligned densities determined using active sounding.  Discussion:  This trough is probably from a wrapped plume.

Gallagher
Morphology of plasmaspheric flux tube refilling

Verbal report by Gallagher; study in progress.  

Chi
plasmaspheric tomography


New technique for plasmaspheric tomography using analysis of ULF signals recorded by ground magnetometers.  Solve wave eqn numerically, use cross-phase technique between two adjacent magnetometer stations.  McMAC magnetometer array:  North America, spanning CANOPUS, IGPP-LANL, CARISMA.  Also cooperate with Japanese network MAGDAS.  Include THEMIS, AUTUMN, CANMOS, USGS, and GIMA, and coverage (on the land) is fairly dense from Alaska/Canada down to Texas/Mexico.  Cross phase between stations on same meridian:  sweep underneath and get L-versus-UT dependence at single longitude.  Use all stations in network together with multiple connecting paths:  get 2D tomographic snapshot of density vs. L and MLT.  

Goldstein
overview of 3-year project



Outlined GEM PMI project just funded by NSF:  empirical characterization of pspheric structure.  Traditional analysis bins by Kp or other indices, and expresses density as function L versus MLT.  But plumes evolve according to phases (i.e., superposed epoch analysis) and are not single-valued L-vs-MLT functions.  New approach use IMAGE RPI, IMAGE EUV in superposed epoch analysis with non-single-valued functions.  Initial results show statistical analysis reveals plumes when superposed epoch approach is used whereas index-based binning obscures plume.  Demonstration of using Volland-Stern equipotentials as basis functions for fitting plasmapause data.  Will pull together data from OGO5, Polar PWI, CRRES, ISEE, IMAGE RPI/EUV, LANL MPA, DMSP.

Fraser
plumes, biteouts, plasma composition & refilling (Pc3-5 FLRs)


ULF FLRs measured on ground.  Whistlers stimulated by VLF transmitters, and naturally triggered whistlers yield equatorial electron concentration at L=4.  Use IMAGE with ground ULFs together to get mass density through a plume:  from 2000 to 20 amu/cc between L=2 and L=6.  Mass density through biteout:  depleted with respect to surrounding plasma, by factor of 2-3.  Also estimate refilling rate by tracking a flux tube from the ground (assumes strict corotation):  2-4 amu/cc/sec.

Thursday
25-Jun



15:30-17:00
Joint w. CEDAR, "Psphere, Msphere, Isphere:  Overall System Response"


Session Chair:  John Foster








  

How do PMI processes influence the overall system response to storms?
PMI Chairs
PMI system interactions

•
Goldstein:
Systems-Level View of PMI.
See Focus Group Report posted on Gem Wiki.
•
Puhl-Quinn:
Plume Transport, Evolution, and Influence.
See detailed summaries above, which include her comments.

•
Gallagher:
Plasma Density Structure and Evolution.
Cycle:  External drivers (convection, oscillations, compression) form structures in  currents, precipitation, meso-scale E-fields, instabilities.  These in turn modify density, mass loading, waves, scattering, filling, & instabilities.  Feedback from I-T (heating, winds, chemistry, outflow, conductivity, ionization).  See diagram in Gallagher's talk.

John Foster
Ionospheric effects of PMI processes


(Also chaired session.)    System viewpoint:  plasmasphere is extension of topside ionosphere.  Inner mspheric and PBL processes structure flux of ionospheric material to cusp, and SED plume carried from PBL source to the cusp (enhanced source for O+ outflow to msphere).    1.  Solar EUV, joule heating drives low-lat SED.  2.  RC-I coupling generates E-fields that funnel low-lat plasma twd higher lat.  3.  Ispheric plasma in cusp.  4.  Heavy ispheric plasma in plasma sheet, affecting reconnection/substorms.  5.  Heavy plasma energized by convection/substorm, enhancing plasma pressure and RC-I coupling.  6.  E-fields transport psphere, plumes affect dayside reconnection.

Phil Erickson
O+ flux from the PBL to the dayside cusp


20+ year database of Millstone Hill radar to look at statistical features of SAPS and associated SEDs.   Consistent ionospheric SAPS (sunward ion flux) as a cusp upwelling/outflow source; vertical flux comparable to SAPS transport.   SAPS flows do not drop sharply across duskside terminator, but rather gradually drop—self regulation?  SAPS latitude inverse relationship with integrated pederson conductivity.

Dan Baker
New obs of rad belt properties during quiet solar wind (2007-)


SAMPEX obs:  1+ solar cycle view of electron outer belt.  Big storms:  observe decay of new rad belts (e.g., Halloween 03).  Now sunspot activity at a real low; rising cycle of sunspots seems to be delayed.  SAMPEX observing a remarkable extended solar minimum.  outer belt moving outward (slot expanding to L=3), and early in 2009 outer belt seems to vanish in conjunction with decreased Vsolar wind.  Outer belt physical extent closely related to psphere, acceleration controlled by Vsw.  Use quiet periods like these to "disentangle cause-and-effect."

John Lyon
MF/LFM plasmsphere simulations


Include plasmasphere in MFLFM code, seeing unusual outer plasmaspheric density features, perhaps produced by interchange instability.  Work in progress.
