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ABSTRACT

Data from the Auroral Particles Experiment aboard OGO-4 have indi-

cated four regions of low energy electron precipitation at high latitudes.

These have been designated by the terms band region, burst region, polar

cavity, and the pre-midnight region. The band region is characterized

by a relatively structureless, moderately hard precipitation pattern

which generally follows the auroral ,oval, except extends to lower lati-
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tudes at noon. It is especially prevalent in the dawn hemisphere. The

burst region begins within the band region and extends polewards,

reaching up to 85
0at noon, and is characterized by usually a very soft

spectrum and large structure in the precipitation pattern. The pitch

angle distributions of 2.3 kev electrons within the bursts tend towards

anisotropic,, with the maximum flux directed along the magnetic field into

the atmosphere. The polar cavity is an area of no detectable fluxes,

while the pre-midnight region displays structured electron fluxes with

widely varying spectra. This paper presents a preliminary summary of

all the phenomena observed in the high latitude region and analyzed to

date.
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INTRODUCTION

Data from charged particle detectors capable of measuring fluxes

of electrons whose energies are below a few Rev indicate that there

exists a region of precipitation of these low energy electrons poleward

of the aurm7al oval (Sharp and Johnson, 1967; Burch, 1968; Hoffman and

Evans, 1968; Hoffman, 1969). The influx of these electrons into the

polar ionosphere can be an important energy source for various phenomena

in this region (Maehlum, 1969; Burch, 1969).

The Auroral Particles Experiment aboard the Orbiting Geophysical

Observatory (OGO) - 4 satellite has made measurements of these low energy

electrons in the high latitude region for a period of lk years. This

paper will present a preliminary summary of the phenomena observed in

this region and analyzed to date.

EXPERIMENT

The satellite was launched on July 28, 1967, into a low altitude

polar orbit having an apogee of 908 km, a perigee of 412 km, and an

inclination of 860 . Orbital injection was into a dawn-dusk meridian

plane. Precession of the orbit due to this inclination together with

the motion of the earth around the sun cause a change in local time of

the orbital plane of about lko per day.

The satellite was controlled in attitude such that one side of

the spacecraft was always pointed towards the earth, while another axis

was constrained to the earth, satellite, sun plane.

The Auroral Particles Experiment contains an array of eight de-

tectors, each comprised of an electrostatic analyzer for species and
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energy selection and a Eendix channel electron multiplier as the particle

detector (Hoffman and Evans), 1967). Four of the detectors always print

radially away from the earth (0 0), while three others are positioned

300 , 600 and 900 to the earth-spacecraft radius vector (see Figure 1).

Since the inclination of the earth's magnetic field is nearly 900 in the

high latitude region the look directions sampled are very nearly the

pitch angles of the particles detected. The eighth detector is a back-

ground detector.

The bandpass of each detector is +19%, -13% of the center energies

indicated in Figure 1, while the geometric factor is about 6 x 10- 5 cm2-ster

at the peak of the energy bandpass.

The sampling scheme of the detectors is also illustrated in Figure 1.

The four energy detectors at 00 have their outputs accumulated simultane-

ously by four logarithmic digital accumulators for a time period of half

tine main telemetry frame before being read out, while during the second.

half of the main frame the four angle detectors, all measuring particles

at 2.3 kev, have their pulse outputs accumulated sirlultaneously by the

same accumulators before being read.

Since some of the data will be displayed in the figures as counting

rates from the detectors, the conversion factors to fluxes are listed in

Table 1. For additional details about the experiment, see Hoffman and

Evans (1967).

DATA EXAMPLES

The data from the experiment at high latitudes indicate four distinct

regions of low energy electron precipitation, each with its own charac-

teristics as observed by the satellite detectors:

i
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a. band region

b. burst region

.
c. polar cavity (Mae, hlum, 1969)

d, pre .-midnight region

These terms are chosen as merely qualitative descriptions of the appear-

ance of the data in the frame of reference of the moving satellite and

are not meant to necessarily imply any true physical behavior on the part

of the particles.
t

The first two regions of precipitation are shown in Figure 2, which

contains data from a dusk to dawn pass which crossed magnetic local noon

at. a very high latitude. The relatively structtreless, moderately hard

precipitation at latitudes below 760 on the dawn side, especially notice-

able in the 7.3 kev detector counting rate, is an example of what we term

a band.	 Quite typically for the very low Kp period, of which this pass

is an example (Kp	 0+), there is no detection of a dusts side band.

Well separated spatially on this pass and polewards of the band is

the burst region, where usually the spectrum is very soft and the structure

in the precipitation pattern in the frame of reference of the moving

satellite is especially apparent at the lowest energy detected. This

example of bursts is somewhat atypical in the sense that the 7.3 kev

flux is larger than usual, but the entire pass is an excellent example

1

3

"F



ry

4

segment of data the 0.7 kev faux is tb ree orders of magnitude larger

than the 7.3 kev flux, while in some of the burstC this ratio is only

a factor of 10.

The polar cavity appears as a region of no measureable precipitation

by the experiment's detectors. ror the first three weeks after launwh

the detector outputs were rlmost entirely free from noise, so an upper

limit of a few counts/readout could be established over this region.

During this period the upper limits on the faux in the energy range of

the experiment are given as a few times the conversion factors listed

in Table 1. (After three weeks in orbit a noise problem suddenly devel-

oped in the outputs of several. of the detectors, so that very small fluxes

could no~ be detected. This fairly steady noise output has since been

diagnosed as a breakdown in the high voltage coupling capacitor. Unless

otherwise indicated the noise has been. subtracted from the counting rates

plotted in the fi.gLres and in no case was this noise level of any signi-

ficance in the analyses discussed.)

BURST REGION

Because of the recerLt special interest in the trans-auroral zone

region, the characteristics of the precipitating electrons in the burst

region will be primarily discussed.

a. Structure.

Figure 4 shows in great detail the variations in the counting

rates of two of the detectors while passing through the burst region.

Since the abscissa marks occur every 10 seconds, the structure here appears

to have time widths varying from less than one toa few seconds in the

satellite frame of reference. The satellite is moving at about eight

T
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kilometers/second. Of course, there is no way from the particle data

alone to distinguish whether thio precipitation is spatial or temporal

in nature.

A very unusual seemingly monoenergetic burst is apparent in the

7.3 kev detector at 0619:20 U.T. Such higher energy bursts, though rare,

always seem to occur while the lower energy detectors are measuring fairly

high levels of radiation for some time or spatial interval around the

higher energy burst. Assuming reasonable isotropy over the upper hemi-

sphere, an assumption which will be shown later to be not necessarily

tenable, this burst contained some 30 ergs/cm2 -sec of energy influx in

the bandwidth of the 7.3 kev detector alone.

An even more detailed example of the distinctness which the bursts

can attain is shown in Figure 5, This is the highest resolution data

available from the spacecraft, and provides 55 sets of energy measure-

ments and pitch angle distributions each second. The eight seconds of

K
data in the figure begins with several bursts and ends in the region of

a quiet band. Note the sharpness of each edge of the burst occurring at

0214:50.7 UT, especially the trailing edge, where the counting rate drops

s
to a level only 30% of the peak rate in 18 milliseconds, or a distance

traversed by the spacecraft of about 135 meters. , The total width of

the burst is only a quarter of a second, or an equivalent distance of

2000 meters.

b. Pitch. Angle Distributions

An example of the pitch angle measurements during several bursts

at the one energy of measurement appears in Figure 6. In the first burst,

a
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marked 11 1 11 , the 00 detector counting rate, sensitive to electrons with

near Oo pitch angle, is considerably larger than the daunting rates

from the other three detectors, indicating an anisotropic pitch angle

distribution wi'.-h maximum flux directed along the magnetic field into

the atmosphere. The very short burst, marked 112", was less than one

main telemetry frame in length (about one -third second), and was similarly

anisotropic. However, a few sece.ids later, the third burst appeared

very isotropic. This is typical of the occurrence of anisotropic bursts:

they exist in the minority and are interspersed with isotropic bursts.

The actual pitch angle distributions for the bursts marked "l" and

11 2" are shown in Figure 7.

c. Spectral Characteristics.

Energy spectra during bursts are impossible to classify. Usually

the spectra are very soft so that the counting rate variations are most

apparent at 0.7 kev, and the detector at that energy appears to be mea-

suring the high energy tail of the precipitating electrons. The steepness

of the spectr^ is indicated by the ratio of fluxes between 0.7 kev and

7.3 kev, which can reach as high as 10 4 . At tames, however, the spectrum

of a burst hardens, and may even appear to be moaoenergetic in terms of

the energy resolution of the detector array, as illustrated by the 7.3

kev burst in Figure 4. In this case the 7.3 kev flux exceeded the 2.3

kev flux by a factor of six, and the 0.7 kev flux by 30 	 Even within

a burst the spectrum can vary widely. During the burst marked "l" in

Figure 6, which lasted six data accumulation periods, the ratio between

the 2.3 kev and 7.3 kev fluxes varied from 86:1 to 1:1.

k



d. Synoptic Parameters

Several parameters of the electron precipitation in the burst

region are now aMudind in more detail in order to acquire a more cone-

prehens ive view of its properties.

i. Region and Probability of OccurrenceI
The first atudy is to define whe region of occurrence of the

electron bursts and determine the probability of occurrence within

this region, For this purpose all data from July 30 through Dec-

ember 3, 1957, were analyzed, The data were divided into cells of

invariant latitude and magnetic local thole, 2k0 by one hour

respectively, except for above SS o , where the cO is were 5 0 by two

lours. A cell was considered to be sampled if the path length of

an orbit through the cell was at least one-half the dimension of

the cell in the di rection of travel. A cell was considered to have

bursts if bursts existed over half of this patb length. Thus there

was no bias towards the existence of bursts. The cz:iteri.a for
4'

ry

k

i

bursts were rapid fluctuations in tine counting rate from the 0.7

kev detector, with peak counting rates of At ^, =.	 1. ,3..^ a, t 0' counts/sec

(peak particle duxes above about 108 elOcLrons/cm2-sec-seer-kev' 
i

p '	 energy 	 g	 -or c ale ener	 fluxes above 1U`1 er s/cm2 - sec - stet kev at 0.7 kev)

The probability of occurrence of bursts in each cell was then ca).-

cul,ated from the cumulative data. A cell was considered to be

adequately sampled if Four or more passes were made through it.

The data were al so separated into two levels of magnetic activity,

divided at the value of Kp=2.

}
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The map of the region and probability of occurrence for low

magnetic activity is shown in Figure 8. Note the following features:

1. The bursts occur at all local times with no indication that the

probability of occurrence is maximum at any local time.

2. At noon the region extends from 75 0 to 850 , whereas the north-

ern boundary of the auroral oval lies at about 77 0 for low mag-

netic activity (Felstein et al., 1967).

3. before 23 hours the average northern boundary, as distinguished

by the jump from less than 20% occurrence to greater than 20%,

occurs at about 800 , and there Is a sudden displacement in the

boundary 50 to the south &fter 23 hours.

4. In general the bursts begin within the auroral oval and extend

well to the north of it.

Data from more magnetically disturbed periods is shown in Figure

9. The probabilities of occurrence in the heart of the burst region

do not change appreciably, but the region of bursts shifts.

1. In the noon hemisphere the lower latitude boundary lies at least

5o to the equates side of the quset time boundary.

2. The high latitude boundary in the noon hemisphere moves similarly

by about 2k0.

3. There are indications that in the midnight regions there is an

expansion in both directions of the latitude extent of the burst

region.

i	 Pitch Angle Distributions.

Examples of pitch angle distributions within individual bursts

have shown the existence of both isotropic and field alkgned



9

distributions at the single energy at which sucl-^ measurements are

made. In order to study the extent to which the bursts are observed

to be field aligned, a scatter plot was made (Figure 10) of the total

counts within the burst as measured by the 00 detector versus the

total counts measured by the 600 detector.

Since the 00 detector is constrained to always point radially

away from the earth, while the magnetic field vector is not inclined

quite 900 , this detector usually measures particles with central

pitch angles in the range from a few degrees to 100 , as is apparent

front Figure 7. The detector itself accepts particles with pitch

angles about + 40 around the central look angle.

Isotropic bursts have their data points lying near the line at

45 0 angle to the axes labeled "lX" in Figure 10. Note that all

bursts lie either along this line or above it. Those lying above

it show the field aligned character, with ratios between the fluxes

at 00 and 600 of 2 and 5 indicated by the lines labeled "2X" aad

"5X" respectively. The maximum anisotropy shows a flux ratio of

about eight.

The pitch angle distributions can be analyzed into two separate

distributions (see Figure 7), an isotropic portion which always

exists in all four angle detectors, and an aniso ,tropic distribution

which ., when it appears, is manifest only in the 00 detector.

DISCUSSION

Some of the properties of the bigh latitude low energy electron pre-

Cipitation have been presented in a preliminary summary form. One can
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expect that these properties probably and in some cases certainly do

depend upon various parameters of the magnetosphere, even without

knowing the particle source mechanism. It has been shown that the high

latitude boundary of the burst region is universal time controlled

(Maehlum, 1968)(i.e., dependent upon the angle of the magnetic axis with

the ecliptic plane), and is, therefore, also dependent upon the season

of the year. While sequences of passes through the same local times

may show similar precipitation patterns, there are also wide variations

in the patterns and intensities between passes which are at least partially

due to differences in magnetic activity. Indeed, it should be stressed

that none of the statistical patterns of electron precipitation are

necessarily applicable during polar substorms.

The source of these electrons is virtually unknown, although a con-

sideration of the existence of the unique field aligned nature of some

of the bursts has led to the suggestion that electric fields parallel

to the magnetic field might be the acceleration mechanism (Hoffman and

Evans, 1968). kecause the field aligned portion of the precipitating

fluxes always seems to be constrained to lie at angles less than about

300 to the field line it seems difficult to accept a source mechanism

.

located in weak field regions, such as the neutral sheet, where this

anisotropy would have to be continuously constrained within pitch angles

less than about 2 degree to the magnetic field vector.

it also appears that the bursts exist on field lines which are both

closed and open, or at least extend to large distances into the tail

region. In an analysis based upon IMP 1, 2 and 3 magnetic field measure-

ments and the continuity of magnetic lines of force(p.B = 0), Fairfield
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(1968) has mapped the positions on the equatorial plane of field lines

emanating from the earth at various latitudes and local tames. From

this map one can determine the transition latitudes between closed and

"open" field lines, especially in the noon hemisphere. In Table 2 we

show the latitude of this transition for various local times and the

high and low latitude boundaries of the burst region, obtained from

Figure 8, In all cases the bursts exist well to each side of the tran-

sition latitudes.

As previously mentioned it is not possible to determine from the

particle data alone whether the bursts are spatial or temporal in nature.

Observations from some other experiment are required to distinguish be-

tween the two possibilities, but to date only the photometric data of

short lived optical emissions observed from a jet aircraft by Eather

(1969) may be relevant. The duration of these "spike precipitation events"

was typically 75 to 100 seconds, which if they are interpreted to be

t	
spatially stable with the aircraft flying under the forms would corre-

spond to widths of 20 to 25 km, or 3 to 4 seconds in the frame of reference

of the satellite, Thus if there is a correspondence between these optical

N

	 events and our burst type precipitation, this observation of Eather

suggests a spacial rather than temporal nature of the bursts.

CONCLUDING REMARKS

This paper has presented a preliminary summary of observations of

low energy electrons in the high latitude region by the Auroral Particles

Experiment aboard the OGO-4 satellite. It was based onthe first four

months of data acquired from the experiment, which has collected data
j

for lk years. Each of the items discussed will be studied more extensively,



especially in conjunction with other experiments aboard the Observatory,

which provides the capability for the interdisciplinary study of geo-

physical phenomena. Ground level measurements ;Wade simultaneously with

satellite passes could also be useful in the analysis, particularly to

assist in the removal of the spatial/temporal ambiguity in the satellite

data, but also to provide measurements of phenomena associated with

particle influxes, and to expose the relationships between satellite

and ground based synoptic studies.
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FIGURE CAPTIONS

Figure 1. Schematic diagram of the experiment detector system indicating

the look directions of the detectors with respect to the earth

radius vector, the center energies measured by each detector,

and the sampling scheme of the detector outputs, where the

blackened area indicates the accumulation period.

Figure 2. Responses of the 0.7 kev and 7.3 kev detectors to precipitating

electrons in the northern hemisphere during a dusk to dawn

polar crossing. (Kp - 0+).

Figure 3. Responses of the 0.7 kev and 7.3 kev detectors to precipitating

electrons in the northern hemisphere Hoar midnight. (Kp = l-).

Figure 4. An example of burst activity at invariant latitudes above 800

near local noon in magnetic local time. The telemetry rate was 4 bbps.

Figure 5. Highest resolution data available from the spacecraft. These

bursts occurred at about 03 hours magnetic local time at a

Latitude of 690.

a	 6. Counting rates of the four detectors with common center energy

of 2.3 kev and angles with respect to the radius vector from

the earth of 00 , 30°, 600 and 900 . These data were taken at

about 21 hours magnetic local time at an invariant latitude of

700 at a telemetry rate of 4 bbps.

Figure 7. Pitch angle distributions of the first two bursts in Figure 6.

Figure 8. A map of the probability of occurrence of bursts (F) for mag-

netic activity having Kp s 2. See text for the criteria used

in defining bursts.

Figure 9. Same as Figure: 8 for Kp > 2.

a	 Figure 10. 4 scatter plot of the total counts within a burst as measured

by the 00 detector versus the total counts measured by the 600

detector.



TABLE 1

i

Center Energy	 Conversion
of Detector	 Factor's

(kev)	 (to	 electrons
cm sec-ster-kev

	

0.7	 6.70 x 105

	

2.3	 2.03 y, lOs

	

7.3	 8.13x104

	

24.8	 3.60 x 104

to convert from counts/readout for the
4 kilobit/sec tape storage mode of the
spacecraft. For 16 kilobits/sec. tele-
metry rate these factors must be multi-
plied by 4.



TABLE 2

e	 ^^

r* 4 .
^i1 ^Ya

Magnetic Transition Low High
Local, Latitude Latitude Latitude
Time Boundary Boundary

12 77 75 85

08 77 72k > 85

16 77 72k > 82k

04 73 70 > 77k

20 73 67k > 80

24 69 < 67k 75
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