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Abstract.   

   Low-altitude satellites make latitudinal cuts through the entire plasma sheet within a few 

minutes.  We show that by combining several such satellites it is possible to form an image of a 

large portion of the plasma sheet within a relatively short time.  Strictly speaking such a 

technique images the field-aligned portion of the plasma sheet, however theoretical work as well 

as extensive in situ observations have demonstrated that the plasma sheet is highly isotropic.  In 

practice the most significant limitation is that electron acceleration events (including the auroral 

bulge) require discarding the associated ion data.  An instance when 5 DMSP satellites (F10 to 

F14) went through the southern hemisphere nightside oval within a 19 minute period is used to 

construct the first partial magnetotail image.  The possibilities of combining data from other 

missions to construct more complete composite images is considered. 

   This technique is also highly useful in statistical studies of the plasma sheet.  Because a low-

altitude spacecraft cuts through the plasma sheet about 25 times as often as a mid-altitude 

spacecraft, and hundreds of times more often than high-altitude spacecraft, statistically 

meaningful surveys of the plasma sheet as a whole are hundreds of times easier using a collection 

of DMSP satellites.  We demonstrate herein that the dawn LLBL flank is an apparent source of 

cold magnetosheath plasma supplied to the central plasma sheet. 

 

 

1.  Introduction 

   Imaging the magnetotail is a long sought after capability, for which several techniques have 

been proposed, notably energetic neutral atom (ENA) [Roelof et al., 1985] or ultraviolet (UV) 

imaging [Akasofu et al., 1992] at 80.4 nm (an O+ line) .  Although intriguing, to date these 

techniques do not appear close to the sensitivity required for imaging the main plasma sheet 

(although ENA imaging has proven to be a powerful tool in monitoring the inner magnetosphere, 

especially the ring current).  It is the purpose of the present paper to show how a cluster of low-

altitude satellites using ordinary electrostatic analyzers can construct a composite image of the 
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plasma sheet with a wealth of spectral detail not contemplated by alternative methods.  The 

underlying assumption – ion isotropy – is both theoretically and experimentally well satisfied 

through much of the plasma sheet most of the time (and breakdowns can be identified).  The 

mapping problem is in many ways simpler than the deconvolution problem associated with most 

remote sensing techniques.  We also will discuss some of the limitations of this approach to 

imaging the magnetotail. 

   The remainder of the paper is organized as follows.  In section 2 we discuss the mechanics of 

the technique and why the approach is justified.  In section 3 we actually apply the technique to 

an instance where 5 DMSP satellites were simultaneously operational, and all crossed the 

southern hemisphere nightside oval within a 19 minute time span.  Section 3 contains the first 

(partial) composite magnetotail image.  Section 4 reviews some statistical results obtained from 

building up pictures of the magnetotail over a one year period.  Section 5 contains answers to 

three FAO (frequently asserted objections) to our technique.  Finally section 5 discusses the 

future possibilities for magnetotail imaging along lines proposed here. 

 

2. Technique, L imitations, and Justification 

 

2.1  Technique and Justification 

   A series of steps is required in processing a pass through the nightside auroral zone.  

(1)  Determine the region of isotropic ion precipitation.  Although DMSP measures only 

precipitating particles with no pitch angle information (which will change with the next 

generation of particle detectors), the isotropic region can nonetheless be readily identified, both 

in theory and in practice [Newell et al., 1998].  As long as the ion gyroradius is an appreciable 

fraction (• � � � � � � R I � WK H � UD G LX V� R I � F X UY D WX UH � R I � WK H � P D J Q H WLF � I LH OG � OLQ H � � S LWF K � D Q J OH � VF D WWH ULQ J � Z LOO�

occur, maintaining isotropy [Sergeev et al., 1982].  When this condition is no longer satisfied 

because field lines are too dipolar, scattering and precipitation quickly cease.  The coincidence of 

the latitude of the DMSP ion precipitation maximum (which we term “b2i”  [Newell et al., 1996]) 
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with the equatorward isotropy boundary has been empirically demonstrated by NOAA/DMSP 

cross-comparisons in coincident events [Newell et al., 1998].  The theory of ion scattering in the 

neutral sheet where field line curvature is large has a long history [Lyons and Speiser, 1982; 

Sergeev et al., 1983] and will not be elaborated upon here.  It is worth emphasizing that an 

extensive amount of in situ observations have shown that the plasma sheet really is isotropic, at 

least beyond about 8 RE [Lui et al., 1987; Spence et al., 1989; Lui and Hamilton, 1992; Kistler et 

al., 1992; Huang and Frank, 1994].  Just to cite one specific result, Kistler et al. [1992] found 

from AMTPE IRM measurements that in the range 7-19 RE “only one of the time periods used 

had a significant anisotropy, with Ppara/Pperp =1.42.  For all other time periods the average 

anisotropy was 1.05 ± .05…”. 

   We take the poleward boundary of the isotropic region to be the poleward edge of the main 

auroral oval as inferred from ion precipitation (which we term “b5i” ).  These boundaries are 

automatically determined at APL [Newell et al., 1996a].  The latter reference also contains a 

discussion of how the poleward and equatorward edges of the isotropic oval (b2i and b5i) are 

operationally determined. 

 

(2)  Electron acceleration events, which accelerate electrons downward, retard ions.  Such 

instances are recognized by the electron spectra using an automated algorithm [Newell et al., 

1996b], and eliminated.  Although it might appear theoretically possible to use the inferred 

potential to restore the original ion spectral shape, we have not found this practical.  The ion 

retardation can in fact significantly exceed the electron acceleration.  All instances of electron 

acceleration by 1 keV or greater (including auroral bulges) are simply eliminated from the data, 

leaving gaps in most nightside auroral zone passes. 

 

(3)  Each individual ion spectrum is fit to three spectral forms:  (a) A one component 

Maxwellian, (b) Two component Maxwellian, and (3) a kappa distribution [Vasyliunas, 1968].  
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A kappa distribution approaches a standard Maxwellian for large values of kappa, but has a 

power law tail for finite kappa.  Previous high-altitude research has found kappa distributions 
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are common in the magnetotail [Christon et al., 1989]. 

   These three fits are then subjected to a chi-squared test of statistical significance.  Obviously a 

two-component Maxwellian always fits 19 spectral data points (there are often fewer than 19, 

depending on whether a channel has a significant number of counts) better than does a one 

component Maxwellian, but the most significant fit could be any of the three.  Fuller detail on the 

fitting procedure can be found elsewhere [Wing and Newell, 1998].  If none of the fits are 

statistically acceptable, the spectrum is simply discarded (about 1/3 of the data points). 

 

(4)  Running averages are used for temperature, density and pressure.  By averaging these values 

over four consecutive spectra, many of the fluctuations that otherwise occur are smoothed out. 

 

(5)  The smoothed moments are mapped to the magnetosphere.  A modified version of T89 

[Tsyganenko, 1989] was used to perform the mapping.  The modification consists of using the 

measured value of b2i to adjust the cross-tail current [Sergeev and Gvozdevsky, 1995], instead of 

just using Kp to pick an average value.  In effect, the instantaneous cross-tail stretching is used, 

instead of a statistical average based on Kp. 

 

2.2  Limitations 

   The technique cannot work in the inner magnetosphere (typically within about 8 RE) where 

plasma sheet isotropy breaks down.  Once the field line curvature drops below 1/8 the ion 

gyroradius (for ions in the few keV range or higher), pitch angle scattering, and therefore 

precipitation stops.  The instantaneous limit is determined from b2i, or the ion isotropy boundary 
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(IB), depending on instrument complement.  These two measurements in practice are nearly 

identical. 

   Another major limitation is the presence of field-aligned electron acceleration, notably auroral 

arcs.  Generally the entire auroral bulge displays signs of such acceleration, and therefore all 

associated ion spectra are discarded.  Almost every pass through the nightside auroral zone 

leaves at least small “holes”  or gaps in the reconstructed latitudinal profile of ion parameters.  

The more active the auroral zone, the greater the number of gaps. 

   Less commonly, ions cannot be fit to kappa or Maxwellian distributions for other reasons.  

Such instances include statistical noise, bursty bulk flows, and diverging electric fields which 

accelerate ions downward while retarding electrons [Marklund and Karlsson, 1997]. 

   The use of a statistical magnetic field model for mapping also clearly introduces additional 

limitations, which are only partly alleviated through the adaptive procedure of fitting it to the 

instantaneously measured b2i parameter.  More sophisticated magnetic field mapping techniques 

using multiple data sources are being explored, for example, by Sergeev and colleagues.  Ideally, 

a plasma monitoring system such as we discuss here would be coupled with monitors of the state 

of the magnetic field in the tail region. 

   Finally we have discovered through trial fits to synthetic spectra with random perturbations 

what should be also intuitively clear:  inferences about the density are much more sensitive to 

noise and the precise assumptions made than are inferences about the temperature.  Indeed, the 

location of the spectral flux peak alone is enough to accurately infer the temperature for a 

Maxwellian or kappa distribution.  The addition of moderate levels of noise to test spectra rarely 

preclude reasonably good temperature estimates.  However the density depends sensitively on 

slight variations in the data.  Especially the density may be easily underrepresented at lower 

energies. 

 

3.   Plasma Sheet Imaging:  Tr ial Case and Future Possibilities 
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3.1  Trial Case 

   In May of 1997, five different DMSP spacecraft (F10, F11, F12, F13, F14) were operational, at 

least to the extent of taking particle precipitation data.  We select here for study an instance from 

May 25, 1997 in which all five passed through the nightside southern hemisphere auroral oval 

between 0640 and 0659 UT.   Figure 1 (a)-(e) shows the spectrograms from these five auroral 

passes.  The particle data indicates conditions of moderate activity, with electron acceleration 

events evident, but covering a relatively small fraction of the total oval. 

   Figure 2 is the result of directly applying the techniques of the previous section to the five 

passes.  We have chosen to present pressure here (inferred from the fitted spectra rather than 

numerical integration over the measured spectra), but our technique allows temperature or 

density to be plotted equally well.  Each individual spectrum in the particle data shows up as a  

small square in Figure 2.  A close inspection of the traces shows the presence of dropouts 

because of electron acceleration or other reasons. 

   We applied a smoothing algorithm (a 3x3 neighbor sliding box car, using a variation of median 

and mean filters, applied twice) to interpolate values between nearby data points in Figure 2.  The 

result, shown in Figure 3, is a composite image of a portion of the magnetotail, mostly along the 

dawn flank.  Obviously many more satellites would be needed for a relatively complete picture 

(cf. the discussion in section 5).  Nonetheless Figure 3 represents the first partial image of the 

magnetotail compiled over a relatively short time (19 minutes).  For this period, b2i at midnight 

is about ~64 degrees (it rises in latitude moving to the flanks). 

   Even with this limited amount of data, several trends appear.  Pressure is higher closer to the 

Earth than further away, as expected.  A dawn/dusk gradient, with  the pressure higher at dusk 

than at dawn, is clearly suggested, at least in the near-Earth region (around x=-10 RE).  There is 

also a strong hint that further out in the magnetotail the pressure may be lowest along the flanks, 

which tendency will be borne out in the statistical study presented in Section 4. 
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3.2  Future Possibilities for Low-Earth Orbit Based Imaging 

   To image the entire plasma sheet with one hour local time resolution from, say, 20 MLT to 04 

MLT would require a minimum of 9 satellites, and more if they were not synchronized.  This is 

probably too many for NASA to launch as a dedicated magnetotail imaging mission.  But partial 

images of the magnetotail may prove quite valuable.  It is worth considering the prospects for 

combining satellites opportunistically from planned missions to form partial images. 

   In the near future, there will be 2-5 DMSP satellites and 1-2 NOAA satellites available.  Over a 

longer time frame (say a decade) these missions will be combined into a somewhat smaller 

number of total satellites.  Still, the recent trend in operating DMSP satellites has been not to turn 

off the particle detectors once the optical line scanners (the major instrument) fails.  If this trend 

continues, it might be possible to have multiple weather-orientated low-altitude satellites 

available. 

   It is quite possible that NASA will select an auroral multiscale/auroral cluster type mission, 

either as a Midex or under other aegis in the reasonably near future.  Such as mission would 

provide fine scale structure over a narrow swath, while contributing to these other more widely 

dispersed satellites mentioned above. 

   Other currently ongoing missions include FAST, Polar and UARS.  TIMED, and various 

European, Russian or Japanese satellites are conceivable.  It is reasonable to believe that 

combining all these sources one will at times be able to find 7-12 satellites suitably instrumented 

for contributing to a magnetotail image compilation.  To be sure, the technique presented here 

can never replace a large constellation of in situ satellites, a possibility currently contemplated in 

NASA’s Roadmap.  Such a constellation could study many dynamic phenomena such as bursty 

bulk flows, plasmoids, and tail flapping (to chose a few among many examples) which our 

technique cannot address.  Our method has the advantage that it could be used in the near future, 

possibly with more complete spatial coverage of the plasma sheet. 
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   Each low-altitude satellite crosses the nightside auroral zone about once every 50 minutes.  For 

our example above, we used a case where all crossings were in the southern hemisphere.  As a 

practical matter, an operational imager would be run combining data across hemispheres, with or 

without flux normalization, depending on what experience dictated (oddly, the question of 

diffuse auroral precipitation between hemispheres has never been directly addressed).  The most 

likely way to precede operationally is to use sliding updates, in which every time another auroral 

crossing is added the oldest crossing in the data base is dropped.  Depending on the research 

topic, it may be useful to consider higher time resolution with less complete spatial coverage, or 

lower time resolution but with excellent spatial coverage. 

 

4.  Selected Statistical Results 

 

   We have recently presented elsewhere [Wing and Newell, 1998] a statistical survey of the 

plasma sheet for the year 1992 (selected because four DMSP satellites were active for much of 

the year).  We do not wish here to present the broad picture of plasma sheet density, temperature, 

and pressure which resulted from that work.  The emphasis here will instead be on using that 

survey to address a few important problems about the circulation of magnetospheric plasma. 

 

4.1  Entry of Plasma Through the Dawn LLBL Flank into the Magnetosphere 

   Curvature and gradient drifts should move ions from the dawn flank of the magnetosphere – 

specifically the LLBL –  into the center.  By contrast, magnetosheath ions from the dusk flank 

should not ordinarily drift into the plasma sheet (although some diffusive entry might occur).  

These considerations have previously [Spence and Kivelson, 1993] led to the suggestion that the 

dawn LLBL might be dense and cold compared to the center (y=0) of the plasma sheet.  (To be 

sure this explanation neglects charge neutrality.  The full physics of the entry process is still  
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 unclear). 

 Figures 4 and 5 corroborates such a prediction.  Figure 4 shows the density and Figure 5 the 

temperature of the LLBL for cuts along the x-axis (for y=0) and cuts along the y-axis (for x=20 

RE).  The x-axis cuts are to the left of each figure and the y-axis cuts to the right.  Three levels of 

activity are given for each figure, based on the value of b2i (a measure of magnetotail stretching).  

The x-axis cuts simply show the not-surprising result that density and temperature tend to 

increase moving toward the Earth along the y=0 line. 

   The y-axis cuts are more interesting for present purposes.  Notice the clear density maximum 

along the dawn flank for all levels of activity.  The density gradient from dawn to the center is 

negative in all cases.  From the center to dusk the picture is not as clear, with some hint of a 

secondary maximum along the dusk flank for active conditions. 

   The temperature profile in Figure 5 further supports the hypothesis of the dawn flank as a 

source of magnetosheath plasma entry.  Notice that there is a very pronounced temperature peak 

in the center of the plasma sheet.  Partly this may have alternate explanations, such as the more 

frequent conversion of magnetic to plasma energy in this region (through bursty bulk flows, or 

merging related phenomena).  Still, the data are surely consistent with a cold dense LLBL plasma 

source along the dawn flank.  Closer to Earth, the temperature peak shifts to the premidnight 

region, consistent with ion curvature and gradient motion.  (Refer to Figure 6.) 

 

4.2  Variations of Temperature and Density with Activity Level 

   There have been several reports in the literature about the behavior of plasma sheet temperature 

and density with increasing magnetic activity and as a function of IMF.  At first sight, these 

observations appear somewhat contradictory.  However we will argue here that all these studies 

can plausibly be reconciled. 
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   Lennartson and Shelley [1986] found that the magnetotail density has a moderate but quite 

clear decrease with increasing AE (their Figure 5), but that the temperature strongly increases 

with increasing AE (their Figure 14).  Baumjohann et al. [1989] reported that the plasma sheet 

ion “ temperature increases with increasing magnetic activity [AE] while the ion density 

decreases during disturbed intervals, except in the neutral sheet neighborhood at smaller radial 

distances.”   The data supporting this result is found in their Figure 4.  The temperature increase is 

clear, but the density behavior is ambiguous in that figure. 

   Terasawa et al. [1997] found that normalized plasma sheet density and temperatures are lower 

for southward IMF than northward IMF.  The normalization is by solar wind density and kinetic 

energy, respectively. 

   Wing and Newell [1998] found that plasma sheet temperature and density and pressure increase 

with increasing stretching of the magnetotail (b2i).  Figure 6 of the present paper shows the 

density and temperature variation for two activity levels, namely b2i=60-64 (active) and b2i=66-

68 (quiet).  We found the same trend consistent and monotonic, throughout the range of b2i 

levels investigated. 

   Therefore broad agreement exists that at higher magnetic activity levels, plasma sheet 

temperature increases.  However some disagreement exists concerning density, with the Wing 

and Newell [1998] result apparently contrasting with some earlier work.  Also the Terasawa et 

al. [1997] result that plasma sheet temperature drops for southward IMF appears at odds with all 

other surveys, at least if we identify southward IMF conditions with more active times. 

   Let us try to reconcile these various observations.  First, Borovosky et al. [1998] have already 

published results that appear to substantially clarify the situation.  They found (their Figure 9) 

that plasma sheet density, pressure, and density increase with increasing magnetic activity (Kp).  

However if these values are normalized by dividing by solar wind density, ram energy, and ram 

pressure respectively, all three quantities slightly decreased with increasing Kp.  Since Terasawa 
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et al. [1997] used normalized values, it appears reasonable that they find declines for southward 

IMF (active conditions) over northward IMF (quiet conditions). 

   Thus it appears that density, temperature and pressure increase with increasing magnetic 

activity, provided one does not normalize to solar wind parameters.  With normalization, these 

quantities slightly decline with increasing activity.  The result of Lennartson and Shelley [1986], 

in which the unnormalized density declines with increasing activity is probably the result of the 

technique used therein of averaging over fixed coordinates in x,y, and z.  In particular, the 

thinning of the plasma sheet for southward IMF should lead to a lower density in an averaging 

scheme using this format, because nearly empty lobe field lines will be included more often. 

   The above results, taken in the aggregate, suggest that the intrinsic effect of southward IMF 

may be to reduce temperature, a result which is surprising in view of the role of magnetic activity 

in energizing plasma sheet particles in a variety of ways (through dipolarizations, for example).  

Plasma sheet temperature definitely rises with rising magnetic activity, but this may possibly be 

because a higher solar wind velocity is a frequent source of higher activity. 

   Future studies will have to be more precisely binned (by both IMF and solar wind conditions 

simultaneously) to resolve these questions decisively. 

 

 

5.  Answers to FAO:  Frequently Asser ted Objections 

 

   Here are the three most common objections we have received (anonymously or otherwise) to 

the scheme of using low-altitude satellites as a magnetotail viewer. 

 

1.  The technique “ requires perfect isotropy in the magnetotail.”  

   Only if perfect results are demanded, a rather hopeless requirement.  Observations have 

uncontrovertibly established that the plasma sheet is highly isotropic tailward of 8 RE [Lui et al., 

1987; Spence et al., 1989; Lui and Hamilton, 1992; Kistler et al., 1992; Huang and Frank, 
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1994].  Compelling theoretical reasons are known for why this should be so [Lyons and Speiser, 

1982; Sergeev et al., 1983].  Of course all measurements by any means involve simplifying 

assumptions, and these are never perfect.  This one happens to be unusually good. 

 

2.  The mapping from low-altitude to high-altitude is variable and uncertain. 

   Any sort of remote sensing technique intrinsically involves a deconvolution problem.  The 

mapping problem has a particularly nice property, that data on any given pass is always ordered 

by latitude (in terms of how far it maps from Earth).  That is, for any given instantaneous 

latitudinal profile, the data is reliably ordered along the x-axis.  Few remote sensing techniques 

are as convenient. 

   The accuracy of the mapping can be greatly improved by using the b2i value measured on that 

particular pass to estimate the strength of the cross tail current [Sergeev et al., 1993; Newell et 

al., 1998].  This technique removes the biggest problem in using the purely statistical models, 

which is that they average over a variety of conditions.  The latitude of the isotropic boundary 

gives a very good measure of the current degree of magnetotail stretching, particularly at the 

local time of the observation. 

 

3.  The average density which we report (1.0/cm3) is twice that of previous reports (0.5/cm3). 

 

   In Table I of Wing and Newell [1998] we summarized previous statistical averages of plasma 

sheet parameters.  In reality a substantial range of reported results exists, but it is true that, as 

stated above, ours is about twice the “average of the averages.”   There are compelling reasons 

why this is so. 

   First, most of the difference is because we used a functional fit, implicitly incorporating density 

outside our instrument range.  Previous reports have taken the density to be the zeroth moment of 

differential number flux integrated over the instrument range.  This approach does have the 

advantage of not going beyond what is actually measured.  However it also certainly gives an 
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underestimate of the total density.  Either approach is clearly defensible.  The crucial point is that 

if we had adopted the same technique as used by others, our average density would fall to 

0.7/cm3. 

   With the above correction, our average, done over the entire year of 1992, is still a little higher 

than the 0.5/cm3 typical of previous reports.  This remaining discrepancy is apparently due to the 

large average solar wind dynamic pressure for 1992, namely 3.3 nPa.  This is a higher average 

solar wind pressure than for any comparably sized statistical survey.  A number of papers of 

shown that magnetotail density increases with increasing solar wind pressure [e.g., Kistler et al., 

1992; Borovsky et al., 1998]. 

   Finally, note that the absolute calibration of electrostatic particle detectors is probably not 

better than 50% anyway.  We had to cross calibrate the DMSP satellites to get internal agreement 

in regions where these satellites overlap.  In view of such calibration uncertainties, it is actually 

somewhat surprising how relatively consistent the various estimates of density in the literature 

are (as well as how consistent our result is with earlier work).  It is worth mentioning again that 

temperature is easier to determine on an absolute basis than is density. 

 

 

6.  Summary and Conclusions 

 

   We have shown how a collection of low-altitude satellites can be used as a plasma sheet 

imager.  The technique is useful now for statistical purposes, and for compiling partial images of 

the magnetotail.  Thus our Figure 3 represents the first plasma sheet partial image by any means 

(compiled over a 19 minute period by five DMSP spacecraft).  With future spacecraft launches, 

and through coordinating data from more spacecraft, large fractions of the magnetotail will soon 

be imaged.  Naturally there are many phenomena that a constellation of in situ satellites can 

address that the technique presented here cannot (including plasmoids and high time resolution 
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tail dynamics).  There still remains a great deal that can be learned by the imaging technique 

presented here. 

   Certain seeming obstacles to this approach have been shown not to be serious.  The 

requirement of plasma sheet isotropy is shown by many studies to be observationally and 

theoretically well founded.  The mapping problem is more tractable than the deconvolution 

problem associated with most imaging techniques.  Estimating the instantaneous magnetotail 

stretching through the ion isotropy boundary (IB or b2i) greatly improves the quality of the 

mapping over reliance on models binned solely by ground-based magnetometer indices. 

   The technique does have certain limitations.  Notably auroral arcs, which accelerate electrons 

downward, result in unrecoverable loss of information about the original ion spectra (e.g., one 

cannot reliably reconstruct the original ion spectra by measuring the apparent electron 

acceleration).  Thus all data within, for example, an auroral bulge must be discarded.  Other 

spectra must be discarded because they cannot be fit with statistical significance to Maxwellian 

or kappa distributions.  Probably events such as bursty bulk flows and diverging electric fields 

contribute to such cases, as well as noise (since the ion count rates of many detectors flown are 

far below the corresponding electron count rates).  The time resolution (perhaps 50 minutes) is 

less than ideal, although still useful for many purposes.  Partial images can be compiled at higher 

resolution with enough satellites. 

   We used statistical results compiled over the year 1992 from four DMSP satellites to 

investigate two specific geophysical issues.  First, we showed that a region of cold, dense plasma 

exists on the dawn flank for all activity levels.  This supports the idea that the dawn flank LLBL 

is a source, supplying magnetosheath plasma through curvature and gradient drifts, of ions into 

the central plasma sheet.  Second, we attempted to reconcile the variety of reports in the literature 

on the behavior of plasma density and temperature with magnetic activity and sign of IMF.  

There is nearly universal agreement that increasing magnetic activity (measured by Kp, AE, or 

b2i) corresponds to increasing temperature in the magnetotail.  However it is possible that if 

temperature is normalized to a fixed solar wind velocity, that the intrinsic effect of a southward 
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IMF is to actually reduce plasma sheet temperature.  Since dipolarizations and similar magnetic 

field events cause plasma heating, further work is necessary to understand whether this is really 

true, and why. 

   Plasma sheet density is a more confounding case, with reports in the literature being much less 

consistent.  Our review of this subject, and our own results, suggest that plasma sheet density 

increases with increasing activity.  However, again, if normalized by solar wind density, it is 

quite possible that plasma sheet density is independent of activity, or actually modestly declines 

with increasing activity.  This question is far from decisively resolved. 
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Figure Captions 

 

Figure 1. Spectrograms from five different DMSP satellites passing through the southern 

hemisphere nightside oval over a 19 minute period on May 25, 1997.  Differential energy flux is 

plotted in units of eV/cm2 s str.  The y-axis gives the log10 energy channel in eV, ranging from 

32 eV to 30 keV.  Notice that the ion energy scale (bottom plot) is inverted.  The top line plot is 

integral energy flux (eV/cm2 s str) while the second line plot is average energy (eV).   (a) F10; 

(b) F11; (c) F12; (d) F13; and (e) F14. 

 

Figure 2.  The results of applying the technique outlined in this paper to the five satellite passes 

shown in Figure 1.  The five individual satellite trajectories are discernible.  Pressure is plotted 

here, although density and temperature can equally well be depicted. 

 

Figure 3.  The result of applying an interpolation process to fill in some of the blank space in 

Figure 2.  This is the first nearly instantaneous (19 minutes) image of the magnetotail. 

 

Figure 4.  Density plotted for x and y cuts through the magnetotail.  The three left hand plots are 

cuts along the x-axis (y=0) for three different activity levels.  The three right hand plots are cuts 

along the y-axis (x=20 RE) for the same activity levels.  Notice the density maximum along the 

dawn flank. 

 

Figure 5.  Same as Figure 4, except for temperature.  A broad central maximum in temperature in 

prominent. 

 

Figure 6.  One year (1992) statistical averages in 2-D for density and temperature in the 

magnetotail.  Left, relatively low activity, right high activity. 

 


