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7-years of data

10-Minutes of data Came here once

62-years of science this way

Just a pretty face?



• The “money” plot
• It’s behaved
• Inner L-shells fill slower than outer
• Values are there to examine erosion and 

refilling
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Event
#

Start Time End Time Refilling 
Time 
(days)

Max 
Kp

Min 
Dst

1 03-Mar-2001 1926 UT 11-Mar-2001 1909 UT 6.5 5 -72
2 05-May-2001 0228 UT 23-May-2001 0142 UT 12 5+ -70
3 17-Jun-2001 0851 UT 26-Jun-2001 0716 UT 7 5+ -57
4 19-Sep-2005 1106 UT 25-Sep-2005 0946 UT 5.75 3- -44
5 03-Oct-2005 1610 UT 07-Oct-2005 1745 UT 3.5 2 -23
6 11-Oct-2005 0824 UT 16-Oct-2005 0539 UT 4.75 2 -20
7 14-Nov-2005 1710 UT 19-Nov-2005 1230 UT 5 2+ -23



• Mass-vs-L before and after erosion
• Quantitative measures throughout the 

inner magnetosphere
• Vertical lines give the average 

plasmapause L-value derived 
separately by Katus et al. 2015 
corresponding to maximum erosion

• The eroded plasmapause isn’t much 
of a barrier to erosion
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1

04-Mar-2001 
14:00 UT

141

26% 3.9 35%

120

05-Mar-2001 
02:28 UT

104 78

2

05-May-2001 
19:44 UT

121

42% 2.9 72%

257

13-May-2001 
08:11 UT

70 72

3

18-Jun-2001 02:14 
UT

132

22% 3.4 46%

147

19-Jun-2001 07:01 
UT

103 79



• The average equatorial density 
remaining in each integration volume 
versus L-value and compared to 
previous results.

• These new results are comparable.
• Note that previous results are mostly 

limited to one location in parameter 
space.

• These results provide a more system-
level result, yet are limited to only 3-
events. R04
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• The 18 June 2001 event includes two 
extra minor erosion intervals

• Refilling starts, then there is erosion, 
then refilling, then erosion, followed by 
more extended refilling.

• The higher L-shell volumes are most 
responsive to changing conditions.

• The innermost L-shells show much 
reduce, but still present response to 
these minor increases in erosion.  

• The physical mechanism must differ for 
plasma loss outside the penetrating 
convection seperatrix than inside, 
which surely depend on change in the 
ionosphere that rebalance the 
pressure along inner magnetic field 
lines.
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• Refilling rates 
obtained here 
are also 
comparable with 
previous results.

• They fall for low 
L-shells and fall 
at higher L-shells

• Even modest 
expansion of 
studied events 
may contribute 
much.

• Even a few 
events offer 
system-level 
measurements.



• Study emphasizes a change in 
perspective from a local-view to a 
system-level view, that offers 
extensive quantitative information 
as well as a more encompassing 
perspective of the plasmasphere. 

• A view of the plasmasphere’s breath 
is a view of the system.

• An in situ measurement of density, 
temperature, or particle flux cannot 
realistically be knitted together to 
give the whole at any given time.

• However, both are critical for 
understanding the system behavior 
and the micro-processes that create 
that behavior.

• Technique enables detailed study of 
L-shell dependent corotation, inter-
regional mass transport versus field-
aligned flow, and directly 
incorporate oxygen imaging.
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Source L Refilling Rate  
(cm-3d-1) Filling Phase

Gallagher et al. 
2005

2-2.5 5.5-75
Early to late2.5-3 46.8-139

3-3.5 49.4-80
Reinisch et al. 2004 3.1 ~120 Early to late

Sandel & Denton 
2007

2.75 334

Early to late

3.25 439
3.75 407
4.25 411
4.75 377
5.25 265
5.75 157
6.25 78
6.75 58

Park 1974

3 290-570

Late
3.5 140-390
4 66-420

4.5 64-280
5 36-180

Source L Refilling Rate  
(cm-3d-1) Filling Phase

Dent et al. 2006 4.12 ~11-180 Late
Park 1973 4.5 30-40 Late
Carpenter et al. 
1993 4.5 ~80 Late

Farrugia et al. 1989 4.5 & 5 150 Late
Sojka & Wrenn 
1985 6.6 30-50 Early to late

Décréau 1983,  
Décréau et al. 1986 6.6 8 Early

Song & Caudal 1987 6.6 4.9-13.0 Late

Song et al. 1988 6.6 7-25 Late
Gallagher et al. 
1998 6.6 13.4 Early

Lawrence et al. 
1999 6.6

~0.6-12 Early
10-50 Late

Previous Studies Cited as Providing Plasmasphere Refilling Rates



𝑅𝑅𝑅𝑅𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑀𝑀𝑀𝑀 � 𝑑𝑑𝑑𝑑𝑑𝑑−1 = 𝑎𝑎0 + 𝑎𝑎1 � 𝐿𝐿 + 𝑎𝑎2 � ∑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝑃𝑃 (3)
𝑎𝑎0 = 0.37

𝑎𝑎1 = 1.00 ± 0.16 � 𝐿𝐿
𝑎𝑎2 = −0.15 ± 0.3 � ∑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝑃𝑃

The multiple-linear correlation coefficient for Equations 3 is 0.77.

Mass in 1,000kg/day refilling rate as a function of L and average daily sum of Kp

𝑙𝑙𝑙𝑙𝑙𝑙10 𝑅𝑅𝑅𝑅𝑁𝑁𝑒𝑒− 𝑐𝑐𝑐𝑐−3 � 𝑑𝑑𝑑𝑑𝑑𝑑−1 = 𝑏𝑏0 + 𝑏𝑏1 � 𝐿𝐿 + 𝑏𝑏2 � ∑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝑃𝑃 (5)
𝑏𝑏0 = −0.02

𝑏𝑏1 = 0.79 ± 0.05 � 𝐿𝐿
𝑏𝑏2 = −0.09 ± 0.01 � ∑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐾𝐾𝑃𝑃
The multiple-linear correlation coefficient for Equations 5 is 0.95.

Average equatorial density refilling rate as a function of L and average daily sum of Kp
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Mass versus L-shell
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𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑎𝑎0 � 𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎1 � 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑎𝑎0 = 853 ± 64 + −133 ± 16 � 𝐿𝐿
𝑎𝑎1 = 0.27 ± 0.002 + −0.004 ± 0.001 � 𝐿𝐿

Most previous studies derive relative change in the 
magnetic equatorial density.  To validate the results by 
mass and using remote EUV images it is necessary to 
compare to previous results.

To do that mass is correlated with the corresponding 
average equatorial mass in the integration volume and 
then fit with the function below.  The mass-density value 
pairs as a function of the center L-value in the integration 
volume are separately fit and the fit parameters then fit 
versus L-value.
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IMAGE Orbit 2001 Jun 10 0530-1330UT

A first step in a follow-the-mass concept.
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4,800 EUV images – 2,800 “keepers”, nearly 60%



References
Abe, S., H. Kawano, J. Goldstein, S. Ohtani, S. I. Solovyev, D. G. Baishev, K. Yumoto (2006). Simultaneous identification of a 
plasmaspheric plume by a ground magnetometer pair and IMAGE Extreme Ultraviolet Imager. Journal of Geophysical 
Research: Space Physics, 111, A11202. https://doi.org/10.1029/2006JA011653

Bespalov, P. A., Yu. V. Chugunov, and S. S. Davydenko (1996). Plasmasphere rotation and the nature of the atmospheric 
electricity, planetary electric generator with the altitude variation of the atmospheric conductivity. Advances in Space 
Research, 18, 29-32. https://doi.org/10.1016/0273-1177(95)00832-Y

Bezrukikh, V. V., M. I. Verigin, G. A. Kotova, L. A. Lezhen, Y. I. Venediktov, and J. Lemaire (2001). Dynamics of the plasmasphere 
and plasmapause under the action of geomagnetic storms, Journal of Atmospheric and Solar and Terr Phys., 63, 1179–1184. 
https://doi.org/10.1016/S1364-6826(00)00222-4

Bilitza, D., K. Rawer, L., Bossy, and T. Gulyaeva (1993). International Reference Ionosphere-Past, Present, and Future. Advances 
in Space Research, 13, 3-13. https://doi.org/10.1016/0273-1177(93)90240-C

Borovsky, J. E., M. Hesse, J. Birn, and M. M. Kuznetsova (2008). What determines the reconnection rate at the dayside 
magnetosphere? Journal of Geophysical Research: Space Physics, 113, A07210. https://doi.org/10.1029/2007JA012645 

https://doi.org/10.1029/2006JA011653
https://doi.org/10.1016/0273-1177(95)00832-Y
https://doi.org/10.1016/S1364-6826(00)00222-4
https://doi.org/10.1016/0273-1177(93)90240-C


Borovsky, J. E., M. H. Denton, R. E. Denton, V. K. Jordanova, and J. Krall (2013). Estimating the effects of ionospheric plasma on 
solar wind/magnetosphere coupling viamass loading of dayside reconnection: Ion-plasma-sheet oxygen, plasmaspheric 
drainage plumes, and the plasma cloak. Journal of Geophysical Research: Space Physics, 118, 5695–5719. 
https://doi.org/10.1002/jgra.50527
Borovsky, J. E., D. T. Welling,M. F. Thomsen, and M. H. Denton (2014). Long-lived plasmaspheric drainage plumes: Where does 
the plasma come from? Journal of Geophysical Research: Space Physics, 119, 6496–6520. https://doi.org/10.1002/2014JA02022

Burch, J. (2000). IMAGE mission overview. Space Science Reviews 91, 1–14. https://doi.org/10.1023/A:1005245323115

Burch, J. L., J. Goldstein, and B. R. Sandel (2004). Cause of plasmasphere corotation lag. Geophysical Research Letters, 31, 
L05802. https://doi.org/10.1029/2003GL019164

Carpenter, D. L. (1962). New experimental evidence of the effect of magnetic storms on the magnetosphere. Journal of 
Geophysical Research: Space Physics, 67. https://doi.org/10.1029/JZ067i001p00135

Carpenter, D. L., and R. R. Anderson (1992). An ISEE/whistler model of equatorial electron density in the magnetosphere. 
Journal of Geophysical Research: Space Physics, 97(A2), 1097–1108. https://doi.org/10.1029/91JA01548

Carpenter, D. L., B. L. Giles, C. R. Chappell, P. M. E. Décréau, R. R. Anderson, A. M. Persoon, A. J. Smith, Y. Corcuff, P. Canu (1993).  
Plasmasphere dynamics in the duskside bulge region: A new look at an old topic.  Journal of Geophysical Research: Space 
Physics, 98, 19243-19271.  https://doi.org/10.1029/93JA00922.

https://doi.org/10.1002/2014JA020228
https://doi.org/10.1023/A:1005245323115
https://doi.org/10.1029/2003GL019164
https://doi.org/10.1029/JZ067i001p00135
https://doi.org/10.1029/91JA01548
https://doi.org/10.1029/93JA00922


Carpenter, D. L. (1995). Earth’s plasmasphere awaits rediscovery, EOS, 76, 89-96, https:// doi.org/10.1029/95EO00041

Capenter, D. L. and J. Lemaire (1997). Erosion and recovery of the plasmasphere in the plasmapause region. Space Science 
Reviews, 80, 153-179. https://doi.org/10.1023/A:1004981919827
Chappell, C. R. (1982). Initial observations of thermal plasma composition and energetics from Dynamics Explorer-1. 
Geophysical Research Letters, 9, 929-932. https://doi.org/10.1029/GL009i009p00929

Chappell, C. R., M. M. Huddleston, T. E. Moore, B. L. Giles, and D. C. Delcourt (2008). Observations of the warm plasma cloak 
and an explanation of its formation in the magnetosphere. Journal of Geophysical Research: Space Physics, 113, A09206. 
https:// doi.org/10.1029/2007JA012945

Chi, P. J., C. T. Russell, S. Musman, W. K. Peterson, G. Le, V. Angelopoulos, G. D. Reeves, M. B. Moldwin, and F. K. Chun (2000). 
Plasmaspheric depletion and refilling associated with the September 25, 1998 magnetic storm observed by ground 
magnetometers at L = 2, Geophysical Research Letters, 27, 633– 636. https://doi.org/10.1029/1999GL010722

Clilverd, Mark A., Barbara Jenkins, and Neil R. Thomson (2000). Plasmaspheric storm time erosion. Journal of Geophysical 
Research: Space Physics, 105, 12997-13008. https://doi.org/10.1029/1999JA900497

Craven, P. D., D. L. Gallagher, R. H. Comfort (1997). Relative concentration of He+ in the inner magnetosphere as observed by 
the DE 1 retarding ion mass spectrometer. Journal of Geophysical Research: Space Physics, 102, 2279-2289.  
https://doi.org/10.1029/96JA02176

https://doi.org/10.1029/GL009i009p00929
https://doi.org/10.1029/1999GL010722
https://doi.org/10.1029/1999JA900497
https://doi.org/10.1029/96JA02176


Décréau, P.M. E., Fonctionnement d'une-sonde quadripolaire sur satellite magnétosphérique (expérience GEOS) –
Contribution à l'étude du comportement du plasma froid au voisinage de la plasmapause équatoriale, state doctorate 
thesis, Univ. of Orléans, France, 1983

Décréau, P. M. E., D. Carpenter, C. R. Chappell, R. H. Comfort, J. Green, R. C. Olsen, J. H. Waite Jr. (1986). Latitudinal plasma 
distribution in the dusk plasmaspheric bulge: Refilling phase and quasi‐equilibrium state. Journal of Geophysical Research: 
Space Physics, 91, 6929-6943. https://doi.org/10.1029/JA091iA06p06929

Dent, Z. C., L. R. Mann, J. Goldstein, F. W. Menk, and L. G. Ozeke (2006). Plasmaspheric depletion, refilling, and plasmapause 
dynamics: A coordinated ground-based and IMAGE satellite study. Journal of Geophysical Research: Space Physics, 111, A03205.
https://doi.org/10.1029/2005JA011046

Denton, M. H., and J. E. Borovsky (2014). Observations and modeling of magnetic flux tube refilling of the plasmasphere at 
geosynchronous orbit. Journal of Geophysical Research: Space Physics, 119, 9246–9255, https://doi.org/10.1002/2014JA020491

Denton, R. E., K. Takahashi, J. Lee, C. K. Zeitler, N. T. Wimer, L. E. Litscher, H. J. Singer, and K. Min (2015). Field line distribution 
of mass density at geostationary orbit. Journal of Geophysical Research: Space Physics, 120, 4409–4422. 
https://doi.org/10.1002/2014JA020810

Dessler, A. J., W. W. Hanson and E. N. Parker (1961). Formation of the geomagnetic storm main-phase ring current. Journal of 
Geophysical Research: Space Physics, 66, 3613-3637. https://doi.org/10.1029/JZ066i011p03631

https://doi.org/10.1029/JA091iA06p06929
https://doi.org/10.1029/2005JA011046
https://doi.org/10.1002/2014JA020491
https://doi.org/10.1002/2014JA020810
https://doi.org/10.1029/JZ066i011p03631


Farrugia, C. J., D. T. Young, J. Geiss, and H. Galsiger (1989).  The composition, temperature, and density structure of cold ions in 
the quiet terrestrial plasmasphere: GEOS 1 results. Journal of Geophysical Research: Space Physics, 66, 11865-11891.  
https://doi.org/10.1029/JA094iA09p11865.

Fuselier, S. A., et al. (2016). Magnetospheric ion influence on magnetic reconnection at the duskside magnetopause. 
Geophysical Research Letters, 43, 1435–1442. https://doi.org/10.1002/2015GL067358

Gallagher, D. L., P. D. Craven, and R. H. Comfort (1998). A simple model of magnetospheric trough total density. Journal of 
Geophysical Research: Space Physics, 103, 9293-9297. https://doi.org/10.1029/97JA03665

Gallagher, D. L., P. D. Craven, and R. H. Comfort (2000).  Global core plasma model.  Journal of Geophysical Research: Space 
Physics, 105, 18819-18833.  https://doi.org/10.1029/1999JA000241.

Gallagher, D. L., M. L. Adrian, and M. W. Liemohn (2005). Origin and evolution of deep plasmaspheric notches. Journal of 
Geophysical Research: Space Physics, 110, A09201. https://doi.org/10.1029/2004JA010906

Gallagher, D. L., and R. H. Comfort (2016). Unsolved problems in plasmasphere refilling. Geophysical Research Letters, 122. 
https://doi.org/10.1002/2015JA022279

Galvan, D. A., M. B. Moldwin, and B. R. Sandel (2008). Diurnal variation in plasmaspheric He+ inferred from extreme ultraviolet 
images, Journal of Geophysical Research: Space Physics, 113, A09216, https://doi.org/10.1029/2007JA013013.

https://doi.org/10.1029/JA094iA09p11865
https://doi.org/10.1002/2015GL067358
https://doi.org/10.1029/97JA03665
https://doi.org/10.1029/1999JA000241
https://doi.org/10.1029/2004JA010906
https://doi.org/10.1002/2015JA022279
https://doi.org/10.1029/2007JA013013


Galvan, David A., Mark B. Moldwin, Bill R. Sandel, and Geoff Crowley (2010). On the causes of plasmaspheric rotation variability: 
IMAGE EUV observations. Journal of Geophysical Research: Space Physics, 115, A01214. https://doi.org/ 10.1029/2009JA014321

Goldstein, J., D. Gell, and B. R. Sandel (2017). Empirical determination of extreme ultraviolet imager background. Journal of 
Geophysical Research: Space Physics, 122, 7414–7432. https://doi.org/10.1002/2017JA024301
Goldstein, J., Chappell, C. R., Davis, M. W., Denton, M. H., Denton, R. E., Gallagher, D. L., et al. (2018). Imaging the global 
distribution of plasmaspheric oxygen. Journal of Geophysical Research: Space Physics, 123, 2078–2103. 
https://doi.org/10.1002/2017JA024531

Goldstein, J., Gallagher, D., Craven, P. D., Comfort, R. H., Genestreti, K. J., Mouikis, C., et al. (2019). Temperature dependence of 
plasmaspheric ion composition. Journal of Geophysical Research: Space Physics, 124, 6585–6595. 
https://doi.org/10.1029/2019JA026822
Hannequin, Pascal and Jacky Mas (2002). Statistical and heuristic image noise extraction (SHINE): a new method for processing 
Poisson noise in scintigraphic images, Physics in Medicine & Biology, 47, 4,329-4,344. 
https://doi.org/10.1088/0031-9155/47/24/302

Huang, Y., R. L. Xu, C. Shen, H. Zhao (2011). Rotation of the Earth’s plasmasphere at different radial distances. Advances in 
Space Research, 48, 1167-1171. https://doi.org/10.1016/j.asr.2011.05.028

Katus, R. M., D. L. Gallagher, M. W. Liemohn, A. M. Keesee, and L. K. Sarno-Smith (2015). Statistical storm time examination of 
MLT-dependent plasmapause location derived from IMAGE EUV. Journal of Geophysical Research: Space Physics, 120, 5545. 
https://doi.org/10.1002/2015JA021225

https://doi.org/10.1002/2017JA024531
https://doi.org/10.1029/2019JA026822
https://doi.org/10.1088/0031-9155/47/24/302
https://doi.org/10.1016/j.asr.2011.05.028
https://doi.org/10.1002/2015JA021225


Kersley, L., S. E. Pryse, M. H. Denton, G. Bust, E. Fremouw, J. Secan, N. Jakowski, and G. J. Bailey (2005). Radio tomographic
imaging of the northern high‐latitude ionosphere on a wide geographic scale. Radio Science, 40, RS5003. 

https://doi.org/10.1029/2004RS003103

Krall, J., J. D. Huba, R. E. Denton, G. Crowley, and T.-W.Wu (2014), The effect of the thermosphere on quiet time plasmasphere 
morphology. Journal of Geophysical Research: Space Physics, 119, 5032–5048, https://doi.org/10.1002/2014JA019850.

Lemaire, J. F., and K. I. Gringauz (1998). The Earth’s Plasmasphere. Cambridge University Press, Cambridge, U. K. 
https://doi.org/10.1017/CBO9780511600098

Lawrence, D. J., M. F. Thomsen, J. E. Borovsky, and D. J. McComas (1999). Measurements of early and late time plasmasphere 
refilling as observed from geosynchronous orbit. Journal of Geophysical Research: Space Physics, 104, 14,691–14,704. 
https://doi.org/10.1029/1998JA900087

Milillo, A., S. Orsini, I. A. Daglis, and G. Bellucci (1996). Low‐altitude energetic neutral atoms imaging of the inner 
magnetosphere: A geometrical method to identify the energetic neutral atoms contributions from different magnetospheric 
regions. Journal of Geophysical Research: Space Physics, 101, 27123-27131. https://doi.org/10.1029/96JA01560

Nosé, M., K. Takahashi, R. R. Anderson, and H. J. Singer (2011). Oxygen torus in the deep inner magnetosphere and its 
contribution to recurrent process of O+‐rich ring current formation. Journal of Geophysical Research: Space Physics, 116, 
A10224. https://doi.org/10.1029/2011JA016651

https://doi.org/10.1029/2004RS003103
https://doi.org/10.1002/2014JA019850
https://doi.org/10.1017/CBO9780511600098
https://doi.org/10.1029/1998JA900087
https://doi.org/10.1029/96JA01560
https://doi.org/10.1029/2011JA016651


Nosé, M., S. Oimatsu, K. Keika, C. A. Kletzing, W.S. Kurth, S. De Pascuale, C. W. Smith, R. J. MacDowall, S. Nakano, G.D. Reeves, 
H. E. Spence, and B. A. Larsen (2015). Formation of the oxygen torus in the inner magnetosphere: Van Allen Probes 
observations. Journal of Geophysical Research: Space Physics, 120, 1182–1196, https://doi.org/10.1002/2014JA020593

Omidi, N., J. Bortnik, R. Thorne, and L. Chen (2013). Impact of cold O+ ions on the generation and evolution of EMIC waves. 
Journal of Geophysical Research: Space Physics, 118, 434–445. https://doi.org/10.1029/2012JA018319 

Park, C. G. (1973). Whistler Observations of the Depletion of the Plasmasphere during a Magnetospheric Substorm. Journal 
of Geophysical Research: Space Physics, 78, 672-683. https://doi.org/10.1029/JA078i004p00672

Park, C. G. (1974). Some features of plasma distribution in the plasmasphere deduced from Antarctic whistlers. Journal of 
Geophysical Research: Space Physics, 79, 169-173. https://doi.org/10.1029/JA079i001p00169

Piersanti et al. (2017). Comprehensive analysis of the geoeffective solar event of 21 June 2015: Effects on the magnetosphere, 
plasmasphere, and ionosphere systems. Solar Physics, 292:169. https://doi.org/10.1007/s11207-017-1186-0

Reinisch, B.W., D.M. Haines, K. Bibl, G. Cheney, I.A. Galkin, X. Huang, S.H. Myers, G.S. Sales, R.F. Benson, S.F. Fung, J.L. Green, 
S. Boardsen, W.W.L. Taylor, J.-L. Bougeret, R. Manning, N. Meyer-Vernet, M. Moncuquet, D.L. Carpenter, D.L. Gallagher, and 
P. Reiff (2000). The Radio Plasma Imager investigation on the IMAGE spacecraft.  Space Science Reviews 91, 319–359. 
https://doi.org/10.1023/A:1005252602159

https://doi.org/10.1002/2014JA020593
https://doi.org/10.1029/JA078i004p00672
https://doi.org/10.1029/JA079i001p00169
https://doi.org/10.1007/s11207-017-1186-0
https://doi.org/10.1023/A:1005252602159


Reinisch, B. W., X. Huang, P. Song, J. L. Green, S. F. Fung, V. M. Vasyliunas, D. L. Gallagher, and B. R. Sandel (2004). Plasmaspheric 
mass loss and refilling as a result of a magnetic storm.  Journal of Geophysical Research: Space Physics, 109, A01202. 
https://doi.org/10.1029/2003JA009948.
Roberts Jr., W. T., J. L. Horwitz, R. H. Comfort, C. R. Chappell, J. H. Waite Jr., J. L. Green (1987). Heavy ion density enhancements 
in the outer plasmasphere.  Journal of Geophysical Research: Space Physics, 92, 13499-13512.  
https://doi.org/10.1029/JA092iA12p13499.

Sandel, B.R., A.L. Broadfoot, C.C. Curtis, R.A. King, T.C. Stone, R.H. Hill, J. Chen, O.H.W. Siegmund, R. Raffanti, DAVID D. 
Allred, R. STEVEN Turley & D.L. Gallagher  (2000). The Extreme Ultraviolet Imager Investigation for the IMAGE Mission. 
Space Science Reviews 91, 197–242. https://doi.org/10.1023/A:1005263510820

Sandel, Bill R. and Michael H. Denton (2007). Global view of refilling of the plasmasphere.  Geophysical Research Letters, 34, 
L17102, https://doi.org/10.1029/2007GL030669.

Sheeley, B. W. M. B. Moldwin, H. K. Rassoul, and R. R. Anderson (2001). An empirical plasmasphere and trough density 
model: CRRES observations. Journal of Geophysical Research: Space Physics, 106, 25631-26641. 
https://doi.org/10.1029/2000JA000286

Sojka, J . J., and G . L. Wrenn (1985).  Refilling of geosynchronous flux tubes as observed at the equator by GEOS 2. Journal 
of Geophysical Research: Space Physics, 90, 6379. https://doi.org/10.1029/JA090iA07p06379

Song, X., R. Gendrin and G. Caudal (1988). Refilling process in the plasmasphere and its relation to magnetic activity, Journal 
of Atmospheric and Terrestrial Physics, 50, 185. https://doi.org/10.1016/0021-9169(88)90067-0

https://doi.org/10.1029/2003JA009948
https://doi.org/10.1029/JA092iA12p13499
https://doi.org/10.1023/A:1005263510820
https://doi.org/10.1029/2007GL030669
https://doi.org/10.1029/2000JA000286
https://doi.org/10.1029/JA090iA07p06379
https://doi.org/10.1016/0021-9169(88)90067-0


Song, X. and G. Caudal (1987).  Electron density neat the plasmapause measured over one year by GEOS-2: a statistical 
analysis. Journal of Atmospheric and Terrestrial Physics, 49, 135-144.  https://doi.org/10.1016/0021-9169(87)90048-1

Su, Yi-Jiun, Michelle F. Thomsen, Joseph E. Borovsky (2001). A comprehensive survey of plasmasphere refilling at 
geosynchronous orbit. Journal of Geophysical Research: Space Physics, 106, 25615-25629. https://doi.org/10.1029/2000JA000441

Takahashi, Kazue, Richard E. Denton, and Howard J. Singer (2010. Solar cycle variation of geosynchronous plasma mass density 
derived from the frequency of standing Alfvén waves. Journal of Geophysical Research: Space Physics, 115, A07207. 
https://doi.org/10.1029/2009JA015243
Wang, Chi, Qingmei Zhang, P. J. Chi, and Chuanqi Li (2013).  Simultaneous observations of plasmaspheric and ionospheric variatio   
Yoshikawa, I., A. Yamazaki, K. Shiomi, K. Yamashita, Y. Takizawa, M. Nakamura (2000). Evolution of the outer plasmasphere 
during low geomagnetic activity observed by the EUV scanner onboard Planet‐B. Journal of Geophysical Research: Space 
Physics, 105, 27777-27789. https://doi.org/10.1029/2000JA900106

https://doi.org/10.1016/0021-9169(87)90048-1
https://doi.org/10.1029/2000JA000441
https://doi.org/10.1029/2000JA900106

	� The Breathing Plasmasphere 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Extra
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27



