


























ions of energies greater than 25 ke V impinge on a 
"straight-through" detector. A motor sweeps the tele­
scope from ecliptic north to ecliptic south as the space­
craft spins about a north-south axis in 3 s. It takes 12 
spins for the motor to scan north-to-south and another 
12 spins to scan south-to-north; thus, the MEPI scans 
the entire sky every 36 s. 

The MEPI will respond to energetic neutral atoms as 
well as ions with energies greater than 25 ke V. The ISEE-
1 orbit occasionally places the spacecraft on open, po­
lar magnetic field lines as close as r = 2.6 Re at geo­
magnetic latitudes above 50°. On open field lines, the 
trapped-ion fluxes drop to negligible levels, and if the 
ring current is energized by a magnetic stonn at the time, 
the MEPI can count ENA. Consequently, the MEPI, 
with its all-sky coverage, can synthesize an image of the 
singly charged energetic ions in the ring current, using 
the hydrogen geocorona as a converter. 

The fIrst application of this ENA technique by Roelof 
et al. 66 took hourly averages of all the ENA flux 
viewed from ISEE-l at 20 Re during the recovery phase 
of a small geomagnetic storm (17 December 1977). The 
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decay rate of the ENA flux was slower than that expected 
from hydrogen, so they concluded that the MEPI was 
responding mainly to oxygen atoms. Since the Dessler­
Parker relation (Eq. 6) implies that the observed 
dDst / dt is proportional to the measured ENA flux, 
they could demonstrate that the dominant mechanism 
for the recovery of the storm was charge-exchange loss 
of 0 + ions from the ring current. Much better detailed 
imaging was possible during the main phase of a large 
geomagnetic storm on 29 September 1978; ISEE-l was 
at a high magnetic latitude (51.5°) near the dawn merid­
ian (0730 MLT) at a radius of 2.6 Re. The spacecraft 
location relative to the ring-current population is shown 
in Fig. 15; the shaded area corresponds to 3 < L < 5. 
ISEE-l was outside the ring current (L = 6.7 Re) and 
hence the MEPI responded almost exclusively to ENA. 
When the 5-min ENA image was obtained (0955 to 1000 
UT), the average depression in the surface magnetic fIeld 
strength measured by equatorial observatories was - 241 
nT. 

The analysis of this ENA image by Roelof67 is sum­
marized in Fig. 16. All panels are "fish-eye" projections 

Figure 14 - (a to c) False-color images of model ring-current ion intensity evolution. Color represents the column-integrated flux 
of ions whose instantaneous velocity vector points toward the viewing point. Panels correspond to injection times t1 to t3, mod­
eled in Fig. 13. Closed contours indicate the equatorial crossing locus of the inner and outer L shells containing the model fluxes. 
Magnetic local time cuts at every 3 hours (45°) connect the equatorial loci, with 1800 MLT being the lower vertical line; the sun 
is to the left. The linear color bar runs from zero to the maximum (M). The viewing point is at a radius of 8 Re and 30° geomag­
netic latitude in the dusk meridian plane. (d to f) False-color images of the ENA flux arising from the modeled interaction of the 
ions in a to c with the hydrogen geocorona. Same format as a to d. 
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Figure 15 - Position of the ISEE-1 
spacecraft relative to the ring-current 
ion population (3 < L < 5) at 1000 
UT, 29 September 1978, during a 
large geomagnetic storm. ISEE-1 was 
outside the ring-current region and 
hence could measure ENA. 

R = 2.6 Re -~~~:----=~ 
(L = 6.7) 

Dawn 0600 M L T 

of the earthward hemisphere of the sky. The earth disk 
and its terminator are outlined; circles in the magnetic 
equator at 3 and 5 Re are connected by radial lines ev­
ery 3 hours of magnetic local time, including noon 
(which is to the right). Magnetic field lines for L = 3 
and 5 are drawn in the planes of magnetic noon, dusk, 
midnight (to the left), and dawn (toward the reader). A 
common linear color bar is used, and its maximum value 
is indicated in each panel. 

The ENA data are given in Fig. 16d. As described 
above, the MEPI on ISEE-l scans the entire sky in 12 
spins of the spacecraft. Data are grouped into 16 angu­
lar sectors of 22.5 ° during each spin, so the ENA flux 
is binned into 192 "pixels," each 22.5° by 13.3°. The 
color code in Fig. 16d gives the average number of ENA 
counts each time a pixel is read out; for example, in the 
middle (green-yellow) range, there are 15 counts per ac­
cumulation. The accumulation time is 3/ 16 s, which cor­
responds to a rate of 80 ENAIs. The MEPI energy chan­
nel used corresponds to 24 to 34 ke V for H and 60 to 
77 keY for O. 

The ENA image reveals the very dramatic midnight­
noon asymmetry, and thus this single image immediately 
established that the storm-time ring current was certainly 
not axisymmetric, as had often been assumed in early 
studies. 

To extract the actual ion fluxes from the ENA image 
requires a computer simulation using a model ring­
current ion distribution function. A single ENA image 
cannot be inverted directly, because the three-dimension­
al ion distribution has been collapsed along the line of 
sight and weighted by the hydrogen geocoronal density 
(see Eq. 14). Consequently, the following procedure was 
used to extract the ion distribution: 

1. A model ion distribution function was chosen, 
specified by the smallest possible number of ad-
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justable parameters that still allow a physically rea­
sonable function. The column-integrated ion flux 
(as in Fig. 11) is shown in Fig. 16a for the 
parameters e entually selected. ote the strong ex­
cess of ion flux in the midnight sector. 

2. The model j ion fluxes were used in Eq. 14 to cal­
culate model j ena fluxes using the geocoronal H­
atom density curve of Rairden et al. 5 (Fig. 11). 
These ENA fluxes are shown in Fig. 16b and can 
be scaled by the one parameter remaining free, the 
maximum ion flux j max in the ring current. 

3. The model ENA flux was then passed through the 
MEPI "telescope" function, which degraded the 
angular resolution to ptxels 22.5° by 13.3°. The 
counts in these pixels yielded the simulated image 
shown in Fig. 16c. The model parameters for j ion 

were adjusted until the simulated E A image in 
Fig. 16c appeared similar to the observed ISEE-l 
ENA image (Fig. 16d). 

4. Once the relati e count contours agreed, the 
absolute brightness was adjusted using the one re­
maining parameter, j rnax ' so that the number of 
counts in each pixel of the simulation agreed with 
those in the corresponding pixel of the observed 
image to the maximum extent possible. 

The model ring-current distribution fmally obtained 
for the ISEE-l image of 0955 to 1000 UT, 29 Septem­
ber 1978, has the ions confmed to field lines of 3 < L 
< 5, and an exponential cosine-dependence on longitude 
with a 33: 1 midnight-to-noon ratio. An isotropic pres­
sure tensor gave the best fit. Assuming the MEPI fluxes 
were dominated by 0 atoms, as is suggested by the shape 
of the ENA spectrum, the maximum ion flux in the ring 
current (at L = 4 at magnetic midnight) was 1 x 
10 IO 1m 2 • s· sr· ke V at 70 ke V. Although there ha e been 
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Figure 16 - Models, simulation, and measurement6? of an ENA image of the storm-time ring-current ion population, represented 
in the earthward hemisphere viewed from the ISEE-1 spacecraft: (a) COlumn-integrated ion differential flux from the model ring 
current. (b) ENA flux computed from the model ring-current ion distribution in Fig. 16a; color-bar saturated at low altitudes. (c) 
Simulated MEPI rates (average counts per pixel) computed from model ENA fluxes of Fig. 16b. (d) Actual MEPI image from 0955 
to 1000 UT, 29 September 1978. MAX values are color-bar maxima. 

no in situ composition measurements in the midnight 
sector during large storms, this flux appears reasonable 
when compared with the smaller in situ measurements 
obtained at other locations in other (and usually smaller) 
storms. 

A further check of consistency can be obtained from 
the Dessler-Parker relation given by Eq. 6. The total ener­
gy in the model ring-current oxygen ions, with imax = 
1 x IO lO /m 2 ·s·sr·keV, is approximately 6.6 x 10 15 J. 
As noted earlier, it requires about 4 x 10 13 J in the ring 
current to produce a I-nT depression in the equatorial 
surface field. Thus, the oxygen component of the ring 
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current should have caused about a 160-nT effect. The 
total observed was Dst = - 241 nT. This would leave 
about 80 nT to be produced by the proton component. 
In smaller storms observed on the day side, the energy 
density of protons exceeded that of the oxygen. 32 As 
mentioned in the section on composition, however, the 
o + IH + ratio appears to increase with geomagnetic ac­
tivity. Overall, the deductions of global morphology and 
intensity of the ring-current ions obtained from the global 
ENA images seem to be consistent with the in situ mea­
surements, once the spatial dependence and storm size 
are taken into account. 
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THE FUTURE OF ENA OBSERVATIONS 
The ENA images were obtained from the MEPI ion 

telescope on ISEE-1, an instrument that certainly was 
not optimized for ENA observations. What might be 
done with an instrument specifically designed for ENA 
imaging? We gave our impression of the global infor­
mation such an instrument could provide in the section 
on ENA imaging. Recently, we have presented concepts 
for the future generation of ENA images at a topical 
conference, and we refer the interested reader to the 
resulting publications. 68

-
71 Let us conclude with a com­

puter simulation of what (:in idealized ENA imager with 
1 ° x 1 ° angular resolution might have obtained if it had 
viewed the storm of 29 September 1978 from different 
locations in the magnetosphere. 

We have chosen positions along a geographic polar 
orbit every 15° of (geographic) latitude from 60 0 N to 
75°S; the latter happens to be approximately over the 
south magnetic pole. The orbit drawn in Fig. 17 has an 
apogee of r = 9 Re and a perigee of 1000 km. The im­
ages are computed from the model ring-current ion dis­
tribution derived from the MEPI ENA observations of 
29 September 1978 and are shown in Figs. 18a through 
18i in the same format as Fig. 16b. To bring out the 
global morphology more definitively, however, a log­
arithmic color bar is used, spanning a factor of 100 in 
intensity and normalized to the brightest part of the im­
age. The maximum brightness is indicated by the number 
labeled "MAX." No attempt is made to model accurate­
ly the complex interaction of ions and ENA with the 
exosphere below an altitude of 1000 km. 

We offer the following brief comments on each ENA 
image: 

Figure 18a: 45°N, r = 4.5 Re. The strong midnight­
noon asymmetry is clearly evident. The southern low-al­
titude emission comes into view, and the three-dimen­
sional structure of the ring-current L-shells can be per­
ceived. 

Figure 18b: 30 0 N, r = 3.3 Re. This is almost the 
same view as from ISEE-1 (see Fig. 16b), but in the dusk 
meridian. 

Figure 18c: 15°N, r = 2.5 Re. The midnight L-shells 
are seen nearly edge-on. 

Figure 18d: Geomagnetic equator, r = 2.0 Re. 
Figure 18e: 15°S, r = 1.7 Re. The northern low-al­

titude emission region is nearly eclipsed. 
Figure 18f: 30 0 S, r = 1.5 Re. The southern subau­

roral zone is in view. 
Figure 18g: 45°S, h = 2000 km. The spacecraft is ac­

tually within the ring current, but the local production 
is too weak to register. The' distant "limb" of the L = 3 
shell is clearly delineated, however. 

Figure 18h: 60 0 S, h = 1400 km. The ring current is 
now viewed from below the L = 5 shell. A complex 
limb effect exists in the midnight sector. 

Figure 18i: 75°S, h = 1100 km. Viewed from near 
the south pole. The midnight-noon asymmetry is quite 
apparent, even at low altitude. 

A review of Figs. 18a to 18i shows that much valuable 
and quantitative global information on the structure of 
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Figure 17 - A hypothetical polar orbit for simulated viewing 
of ENA fluxes. Positions labeled with geog raphic latitude cor­
respond to images in Fig. 18. 

the ring current can be obtained at a variety of orbital 
positions, such as polar latitudes at r = 6 Re, equatori­
al latitudes at 2 to 3 "Re , and polar latitudes at WOO-Ian 
altitude. ENA imaging as a tool for understanding the 
morphology and dynamics of the global ring-current ion 
population is clearly just beginning to reveal its full 
potential. 
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