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SUMMARY 
Under the aegis of Air Force Office of Scientific Research (AFOSR) 

funding we conducted original research, for example establishing that 
intense'aurora are suppressed by sunlight and that the solar cycle effect on 
intense aurora is far different than commonly supposed. Applied research 
has been an increasing focus, however. Recently our AFOSR research has 
been driven by an effort to characterize the magnetosphere as accurately as 
possible ~ i.e., to find and develop the most physically significant state 
variables using data available from the DMSP series satellites. These 
include a more sophisticated estimate of the open flux in the polar cap (the 
energy available for explosive release) and a proven technique for 
determining the first significantly stretched field line (equivalent to the 
Earthward edge of the current sheet) from DMSP particle precipitation 
data. 



I. Research Results 

The DOD effort to monitor the space environment conditions is dwarfed by the 
NASA effort in cost, scope of effort, and numbers of spacecraft. However we have 
long believed that the unique features of the DMSP data set make them superior for 
many forms of magnetospheric research (an entertaining argument to this effect is 
given by Newell and Meng, 1995a]), and we believe, superior for monitoring current 
space weather conditions (nowcasting). These advantages include longevity, 
continuous operation, and widely dispersed identical spacecraft. The low-altitude 
orbits allow sampling large volumes of the magnetosphere in a short time, resulting 
in an ability to characterize the state of the magnetosphere which no plausible 
number of high-altitude spacecraft could match. 

A. AFOSR Funded Basic Research 1996-1998 

Figure 1 shows a result published in Nature which startled the community: based 
on 8 years of DMSP particle data, covering 4 satellites and 152,000,000 individual 
spectra, we found that intense electron acceleration events (discrete aurora) are 
much more frequent under conditions of darkness than in sunlight [Newell et al, 
1996b]. Although some scientists were initially skeptical, the result intrigued the 
community, and a number of statistical studies were conducted by other research 
teams. Five such additional studies have been completed, and all five research 
teams reach the same conclusion that we did [Collin et al, 1998; Erlandson and 
Zanetti, 1998; Kumamoto and Oya, 1998; Liou et al, 1997; and Yamagishi et al, 1998]. 
The deluge of confirming results appearing in 1998 should shift the focus from 
confirming our surprising findings to explaining them. 

The above research was motivated by theoretical considerations about the role of 
ionospheric conductivity in affecting intense discrete aurora arcs [Atkinson, 1970; 
Lysak, 1991]. To further test the role of ionospheric conductivity, we examine the 
solar cycle effect on discrete aurora. Generally it is assumed that aurora are more 
common at solar maximum than minimum [e.g., Chamberlain, 1996]. However 
ionizing solar UV is greatest near solar maximum, therefore ionospheric 
conductivity (under sunlit conditions) is highest then. Our study of the 12 years 
from 1984-1995 showed that the frequency of intense electron acceleration events 
declines linearly with increasing F10.7 number (a common proxy measure of solar 
UV) under sunlit conditions; thus there are fewer aurora at solar maximum than 
minimum. Under conditions of darkness, no correlation between F10.7 and auroral 
frequency was found. 
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B. AFOSR Funded Research with a Practical Space Weather Orientation 
In order to monitor the magnetosphere from low-altitude satellites, it is necessary 

to determine which are the most important features to look for. A set of the most 
geophysically significant nightside particle precipitation boundaries was identified, 
along with algorithms for determining each [Newell et ah, 1996a]. These boundaries 
are: (1) The "zero-energy" convection boundary (often the plasmapause); (2e) The 
point where the large-scale gradient dEe/dl switches from positive to < 0 (the start 
of the main plasma sheet); (2i) The ion high-energy precipitation cutoff (the ion 
isotropy boundary or the start of the tail current sheet); (3a,b) The most equatorward 
and poleward electron acceleration events (spectra with "monoenergetic  peaks") 
above 0.25 ergs/cm2 s; (4s) Transition of electron precipitation from unstructured 
on a >10 km spatial scale (spectra have 0.6-0.95 correlation coefficients with 
neighbors) to structured precipitation (correlation coefficient usually 0.4 and below); 
(5) The poleward edge of the main auroral oval, marked by a spatially sharp dropoff 
in energy fluxes by a factor of at least 4, to levels below that typical of the auroral 
oval; (6) The poleward edge of the subvisual drizzle often observed poleward of the 
auroral oval. 

Obviously crucial is the open/closed boundary, which separates field lines 
connected to the IMF and solar wind from those closed inside the magnetosphere. 
Although often assumed to be the poleward boundary of the auroral oval, our 
previously developed dayside [Newell et ah, 1991b] and nightside [Newell et ah, 
1996a] plasma identification schemes allow for a more sophisticated approach. The 
correct boundary on the nightside is our "b6", the poleward limit of subvisual 
drizzle. 

A single pass only defines one or two points along the open/closed boundary. To 
construct an operational system, it is necessary to know such things as, what is the 



North cap 

Day 89  19:10/35 

Sun 

Dusk Dawn 

Centroid = (-1.2, 2.1) Flux = 976 MWb 

Figure 2. A cubic spline approximation to the open-closed boundary. Eight 
boundary crossings were observed during a 35 minute interval by DMSP F8-11 
on day 89 of 1992. For crossings that are close together in MLT the spline is 
drawn through their average position. The concentric circles are 70° and 80° 
corrected magnetic latitude and the centroid is given as (x, y) where the x axis 
points toward the Sun and the y axis toward dusk. 



uncertainty (standard error) in using a one point (or n-point) fit to the open/closed 
boundary? 

We researched fits to the open/closed boundary [Sotirelis et al, 1998]. In particular, 
a flexible algorithm for making an n-point fit to this boundary was developed, using 
a polynomial expansion in local time and radius. We took advantage of a brief 
interval when 4 DMSP satellites were simultaneously returning SSJ/4 particle data 
to test the effects of varying the number of boundary crossings on the inferred 
open/closed flux. Figure 2 illustrates a sample case when 8 crossings of one polar 
cap occur within 50 minutes (4 satellites x 2 points per satellite). A subroutine uses a 
model magnetic field to integrate the open flux enclosed within the boundary, 
returned in megawebers. The fit can be done using a subset (say 1-4 points) of the 
data then compared to the full curve fitting using all 8 points. 

Some of the key results from this research [Sotirelis et al, 1998]. are that a single 
open/Closed boundary point specifies the open flux with a standard deviation of 
about 33%, probably too large for many quantitative purposes. However a 2-point fit 
reduces the uncertainty to only -20%, while a four-point fit should be more than 
adequate for space physics research purposes. 

Of course it is rare to have 4 DMSP satellites operational. However there have also 
generally been 2 NOAA satellites in operation. We have acquired the NOAA data 
set to supplement the DMSP observations for a global magnetospheric specification 
project. Using these 4-6 satellites it should be possible to construct a time history of 
the magnetosphere with unprecedented accuracy. Since all aspects of the work are 
fully automated, this approach lends itself to Air Force operational purposes. 

A second boundary of great geophysical significance is the isotropy boundary/ion 
precipitation maximum (IB/b2i). It has been shown in recent years that the high- 
energy ion equatorward precipitation cutoff (which is also the precipitating ion 
energy flux maximum) is a good proxy for where the magnetic field lines begin to be 
significantly stretched. It is probably the best and most direct proxy for the location 
of the Earthward edge of the current sheet. Poleward of the precipitation boundary 
at any particular energy, the ions are highly isotropic [Sergeev et al, 1993]. The 
physical mechanism is quite simple: ions cannot maintain pitch angle while 
bending around field lines which have a radius of curvature comparable to the ion 
gyroradi. On dipolar field lines, pitch angle scattering ceases, the loss cone empties, 
and precipitation ceases. 

Work funded by this AFOSR grant has dramatically verified the practicality of 
monitoring the state of the magnetotail in this way [Newell et al, 1998a]. In 
particular it was directly demonstrated that the b2i boundary determined by DMSP 
predicts the geosynchronous magnetic field tilt angle (stretching) as measured by 
GOES magnetometers to a high degree of accuracy. These results can been seen in 
Figure 3. 



Figure 3. Evidence that the DMSP b2i boundary characterizes the magnetosphere. 
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