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Simultane A « observations of differential particle number

fluxes in :he auroral region by the DMSP-5D-F2 satellite and

in the cov*jugate equatorial plane by GEOS 1, are studied. It

is found t >at spectra in the precipitation region and in the

plasma sheet can be similar, both in shape and magnitude. The

features of auroral electron precipitation can be determined

by the particle characteristics in the conjugate equatorial

plane, and dumping of particles occurs without any significant

acceleration by electric fields parallel to the Earth's

magnetic field.

1)(Present address: Space end Communications Division

British Aerospace, Argyle Way, Stevenage, Herts, SG1 2AS,

U.K.)



I INTRODUCTION

Several studies have been made of the relationship between

diffuse auroras and their particle source region (Meng et al.,

1979 and references therein). In such investigations it is of

interest to compare particle populations at different

altitudes along an auroral magnetic field line.

In this report we investigate particle data from the

DMSP-5D-P2 satellite, which is in a polar orbit at an altitude

of about 900 km, and observations obtained with the GEOS 1

spacecraft at an altitude of several earth radii near the

equatorial plane. Events are selected when the two spacecraft

are near magnetic conjugacy. The differential particle number

flux in the equatorial plane is then compared with the same

quantity observed by DMSP. Since the differential particle

number flux is a function of two conserved quantities, the

particle energy and the values of the distribution function,

the flux spectra should compare exactly at the appropriatly

transformed pitch angles, provided that the satellites are

magnetically conjugate, and that there is no electric field

parallel to the ambient magnetic field. In the three events

considered in this report we find that the particle population

observed by DMSP in the precipitation region is rather similar

to the population detected by GEOS 1, which is in the plasma

sheet. Thus, in agreement with other similar studies, we find

evidence that the characteristics of auroral electron

precipitation can be closely connected with the particle

features in the conjugate equatorial plane, and that auroras

may be produced by dumping of plasma sheet electrons, without

any significant acceleration by electric fields parallel to

the Earth's magnetic field.

II EXPERIMENTS

In this section we describe the GEOS 1 and DMSP particle

detectors which cover the energy range from a few eV to

approximately 20 keV. The U.S. Air Force DMSP-5D-F2 satellite

carries two curved plate electrostatic electron analysers that



sample two energy ranges once every second, between 50 eV and

1 keV and between 1 keV and 20 keV. The accumulation time is

about 0.1 s for each of the 8 energy channels of each analy-

ser. The fields of view of the detectors are 7°by 10° and 3°

by 1<P, respectively, and the instrument is directed toward

the local zenith. Since the angle between the ambient magnetic

field and the local vertical is not large in the auroral

region, the detectors can look into the loss-cone at such

latitudes. Further details about the Defence Meteorological

Satellite Program are given by Pike (1975) and Nichols (1975).

On the European Space Agency GEOS 1 satellite, the S310

experiment covers energies between 370 eV and 21 keV in up to

29 steps. The eight S310 detectors that measure electrons most

of the time have fields of view between 4° by 4° and 16° by

1tf>, and point at different angles relative to the spin axis

of the satellite. The accumulation time is about 0.1 s and a

detector operates at a certain energy level during one spin

period of the satellite, i.e. during approximately 5.5 s.

Thus, it takes about three minutes to obtain an energy spec-

trum when all energy levels are sampled. The instrument may

also be operated so that only every second or fewer energy

levels are used, in order to increase time resolution (Borg et

al. 1979). The two S302 detectors cover the energy range from

1 eV to 500 eV, using up to 64 steps. The detectors have

fields of view of 18° by 18P and 30° by 8°, and are directed

parallel to and 80° off the spin axis of the satellite, re-

spectively. The accumulation time is about 0.05 s, and a

detector measures a certain energy during one spin period

(Wrenn et al. 1981). To increase time resolution, all avail-

able energy steps are not sampled during the events discussed

in this report. Observations of particles with energies below

50 eV can not be compared with DMSP data, and are not consi-

dered. The different detectors used in this study are not

intercal ibrated, so as a first step the shapes of the spectra

rather than the absolute value of the fluxes, should be com-

pared.



III SELECTION OP LVENTS

The GEOS 1 satellite is in an eccentric orbit with a perigee

of 2000 km and an appogee at 38000 km, close to the equatorial

plane. The GEOS 1 observations used in this report are

obtained at an altitude of several earth radii, near dawn. The

DMSP satellite is in a sun-synchronous polar orbit along the

dawn-dusk meridian, at an altitude of about 900 km.

Since the positions of the two satellites are known at all

times, it is possible to calculate when they are in the same

magnetic flux tube as defined by a model of the Earth's magne-

tic field (Pig. 1). In this report calculations by the Goddard

Space Plight Center, using the Barraclough internal field

model (Barraclough, 1975) and the Olson-Pfitzer kp=0, tilt

external field model (Olson and Pfitzer, 1974; Olson and

Pfitzer, 1977), are used to find times when the two satellites

are close to magnetic conjugacy. The satellites are nearly

conjugate approximately once a day, but some factors limit the

number of events we can use. No particle data from the DMSP

satellite is available from the time before 10 September

1977. Further, the magnetometer on board GEOS i developed a

problem on 8 December 1977, so after this date we have no

indication of the detector pitch angle coverage. From the

period of about three months when data from both satellites

are available, we select some events where the satellites are

close to conjugacy as defined by the magnetic field model, and

where some of the GEOS 1 particle detectors can covet such

pitch angles that they are likely to observe the particle

populations which eventually reach the DMSP satellite. It

should be noted that the loss cone at the GEOS 1 position is

rather narrow, of the order of 3P, and that most GEOS 1 data

presented in this report are sampled outside this region.

IV METHOD

When an event is selected for further studies, the projection

of the theoretical magnetic field lines passing through each

satellite onto the Earth's surface, are plotted. From these



displays we can see at what time and at what latitude it is

interesting to compare the differential particle number fluxes

detected on the two spacecraft. We then study the precipitaion

rate observed on board DMSP. The count rates of two detectors

are displayed, and also the total energy flux measured is

discussed. From these observations we can determine at what

times the DMSP satellite is in the precipitation region. Next

step is to compare energy spectra obtained on board DMSP with

a GEOS 1 spectrum. Hie time resolution of the DMSP instrument

is rather high (-1 s), which allows us to display a set of

spectra, showing how the satellite moves in to or out of the

precipitation region. The GEOS 1 instrument completes one

energy sweep once every few minutes, so only one spectrum from

the equatorial plane is shown from each event. The particle

population at GEOS 1 is rather stable, which for all events is

verified by investigating spectra obtained a few minutes

before and after those displayed. First we compare the DMSP

and GEOS 1 spectra when the satellites are as close as

possible to magnetic conjugacy. Ideally, the differential par-

ticle fluxes at DMSP and GEOS 1 would be equal when the two

satellites are magnetically conjugate, assuming that there are

no electric fields parallel to the ambient magnetic field.In

practice spectra obtained at low latitudes are not always

similar to spectra from the equatorial plane at the calculated

time for conjugacy. If the spectra compare well just before or

after the calculated time for conjugacy, this may ol course be

explained by an error of a few degrees in the magnetic field

model. We further compare the DMSP spectra from the precipita-

tion region with the GEOS 1 spectrum, neglecting the detailed

magnetic conjugacy. If the spectra from the precipitation

region compare well with the spectrum from the equatorial

plane, this is evidence that GEOS 1 is in the region of the

magnetosphere which is the source of the auroral electrons.

V.I EVENT 1, 16 NOVEMBER 1977

During event 1 on 16 November 1977, the DMSP satellite is at

an altitude of approximately 880 km in the southern hemi-

sphere, moving north. GEOS 1 is positioned at about 6 earth



radii above the centre of the Earth, at 13.5° magnetic lati-

tude. The local time is approximately 06.40, and the k p

index is 4-.

Figure 2, which displays the projection of the theoretical

magnetic field lines passing through each satellite onto the

Earth's surface, shows that the spacecraft are close to magne-

tic conjugacy at about 02.51.16 UT. The projection of the DMSP

satellite moves from a geographic latitude of about 73° S to

67° S during the two minute period displayed, while the foot

of the GEOS 1 field line is nearly still at approximately 70°

S during this event. The top of Fig. 3 shows the count rate

for two DMSP energy channels against time. We find that the

count rates are high between 02.48.00 UT and 02.49.00 UT, and

that the spectrum is hard during this period. In the shaded

area between 02.50 UT and 02.52 UT, count rates vary between 1

and 15 per 0.1 s. Thus, count vates before 02.49 UT are an

order of magnitude larger than those obtained after that

time. The total energy flux recorded by DMSP is about 0.3

erg./(cm2*s»st) before 02.49 UT, and then decreases to between

0.01 and 0.03 erg./(cm2«s»sr) after 02.49.40 UT. An energy

flux of 0.1 erg./(cm2»s»sr) is typical for the precipitation

region(Meng, 1976; Meng et. al 1979). Thus, we find evidence

that the DMSP satellite is in the precipitation region before

09.49 UT, and that the satellite then moves out of this region

as it travels north. Assuming that the magnetic field models

are correct, Fig. 2 shows that the projection of DMSP leaves

the precipitation region at a latitude of approximately 73° S

(at A in the top of Fig. 2), i.e. 3° south of the foot of the

GEOS 1 field line.

DMSP spectra obtained every 12 seconds, starting at 02.49 UT,

are displayed in Fig. 4. A spectrum from the S310 experiment

on GEOS 1 from the period 02.50.31 UT to 02.51.31 UT, starting

at 18 keV and finishing at 1.8 keV, at pitch angles of

approximately 8°, is also shown. A spectrum observed with the

same detector at a pitch angle of about 25° is simlar in

shape, but fluxes are of the order of 50% higher. The S302

spectrum is constructed by averaging count rates during the



period 02.50 to 02.52 UT at pitch angles of about 34°. The

GEOS 1 spectrum is constant in time, which we find by investi-

gating spectra obtained a few minutes before and after the

period considered here. The GEOS 1 spectrum is typical of the

plasma sheet, with a nearly constant flux at low energies and

then a rather sharp cut off at higher energies. Estimates

using the upper hybrid frequency observed with the GEOS 1 S300

wave experiment show that the density is below 10 cm"3, which

also indicates that the satellite is in the plasma sheet and

not in the denser plasmasphere. The DMSP spectrum compares

well with the GEOS spectrum at 02.49 UT. After 02.49.30 UT,

the displayed spectra from the two satellites do not match,

neither in shape, nor in magnitude. A study using all avail-

able DMSP spectra, i.e. one every second, gives a similar

result. The calculated time for magnetic ccnjugacy is 02.51.16

UT, and thus we find that the DMSP and GEOS 1 spectra do not

have the same features at this time. We further note that DMSP

leaves the precipitation region at about 02.49 UT, e.g.

approximately at the time when the DMSP spectra develops

features different from those of the GEOS 1 spectra. Thus,

DMSP observations from the precipitation region and GEOS 1

measurements from the plasma sheet are rather similar.

V.2 EVENT 2, 4 DECEMBER 1977

During the event on 4 December 1977, DMSP is at an altitude of

approximately 870 km in the southern hemisphere, moving

north. The GEOS 1 satellite is positioned at 6.6 earth radii

above the centre of the Earth, at a magnetic latitude of

13.5P, and a local time of 06.10. The kp index is 1* during

this event.

The footprints of the model field lines passing through the

satellites are only a few degrees from each other at 02.46.00

UT (middle panel, Fig. 2). The projection of GEOS 1 is nearly

still at a latitude of about 71.5° S during this event, while

the foot of the DMSP field line moves from 74.5° S to 71.5° S

during one minute. The count rates of two DMSP energy channels

are shown in the left, bottom part of Pig. 3. It can be seen



that count rates are high before 02.46 UT, but decrease after

this time. The total energy flux in the range of the DMSP

instrument is approximately 0.3 erg/(cm2*s*sr) before 02.46

UT, and rapidly decreases two orders of magnitude after this

time. Thus, it is likely that DMSP is in the precipitation

region during the first part of this study. The satellite then

leaves this region as it travels toward the equatorial plane.

According to the magnetic field model, the projection of DMSP

leaves the precipitation region at a latitude of approximately

2P south of the foot of the GEOS 1 field line.

Figure 5 shows DMSP spectra obtained at 10 s intervals. The

spectrum observed with the S310 experiment on GEOS 1 is from

the period 02.44.01 to 02.46.40 UT, starting at 370 eV and

finishing at 19 keV, at pitch angles of about 6°. A spectrum

detected with the same instrument at a pitch angle of about

2& is similar, but with fluxes that are up to a factor of 2

higher. The S302 spectrum is obtained during the period 02.44

to 02.46 UT, at pitch angles of approximately 40°. A study of

some GEOS 1 spectra observed a few minutes before and after

the event considered here, shows that the particle population

detected near the equatorial plane is rather stable in time.

As in the previous event, both the spectrum at GEOS 1 and the

low density deduced from the wave experiment, indicate that

GEOS 1 is in the plasma sheet. The displayed DMSP and GEOS 1

spectra have some common features before 02.45.50 UT, but

after this time they do not match. A study using all available

DMSP spectra gives a similar result. The calculated time when

the satellites are closest to magnetic conjugacy is 02.46.00

UT, and at times up to a few seconds before this the match

between the DMSP and the GEOS 1 spectra is fairly good. At

02.46.00 UT the foot of the model field line through DMSP is

about two degrees south of the projection of GEOS 1. When DMSP

moves northward, the spectra of this satellite changes and

develops other features than those of the GEOS 1 spectrum.

Thus, we see that the magnetic field model implies that when

the projections of the two satellites are on the same lati-

tude, their spectra are not similar. As in the previous
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satellite leaves the precipitation region. Prom Fig. 5 we see

that GEOS 1 spectra from the plasma sheet are similar to DNSP

observations from the precipitation region.

V.3 EVENT 3, 6 DECEMBER 1977.

On 6 December 1977, DMSP is at an altitude of about 820 km in

the northern hemisphere, moving north. The GEOS 1 satellite is

situated approximately 6.6 earth radii above the centre of the

Earth, at a magnetic latitude of 18°. The local time is about

06.10 and the k p index is 3-.

The foot of the GEOS 1 model field line is positioned at a

latitude of about 72° N during this event. The projection of

DMSP moves from a latitude of 70°N to 76°N over a period of

two minutes. The satellites are on nearly the same model field

line at 02.48.30 UT. Figure 3 shows the count rates of two

DMSP energy channels. The number of detected 5.5 keV particles

increases drastically at 02.48.30 UT. The total energy flux

observed by DMSP is approximately 0.01 erg/(cm2*s»sr) before

02.48.30 UT, and about 0.3 erg/(cm2*s«sr) during the first

minute after this time. Thus, we believe that the satellite

enters the precipitation region at 02.48.30 UT. Assuming that

the magnetic field model is correct, we see that DMSP moves

into the precipitation region at about the time when GEOS 1

and DMSP are very close to magnetic conjugacy.

DMSP spectra obtained at 10 s intervals are shown in Fig. 6.

The S310 spectrum of energies between 370 eV and 20 keV, which

is displayed in the same figure, is detected during the period

02.44.56 to 02.47.41 UT, at pitch angles of about 9°. A spec-

trum observed with the same detector at a pitch angle of about

29s, is similar in shape, but fluxes are approximately 50%

higher. The S302 spectrum is obtained during the period

02.45.00 to 02.47 00 UT, at pitch angles of approximately

37° . Spectra observed by GEOS 1 during periods just before and

after the event studied, are similar to the displayed spec-

trum. As in the previous examples, both the low density detec-

ted by GEOS 1 and the spectrum observed by this satellite,



indicate that GEOS 1 is in the plasma sheet. The DMSP and GEOS

1 spectra shown in Pig. 6 do not match before 02.48.40 UT.

After this time some common features can be found. A detailed

study, using all available DMSP spectra, gives a similar

result. The calculated time for magnetic conjugacy is 02.48.30

UT, which also is the time when DMSP and GEOS 1 spectra begin

to have similar features. Thus, when the magnetic field model

implies that the two spacecraft are conjugate, spectra

observed by these satellites agree reasonably well. Since

02.48.30 UT also is the time when DMSP seems to enter the pre-

cipitation region, we see that DMSP spectra from this region

is rather similar to GEOS 1 spectra observed in the plasma

sheet.

VI DISCUSSION

All GEOS 1 spectra presented in this report are rather simi-

lar. This is not surprising, since the satellite is in the

same part of the magnetosphere during each event. The observed

particle spectra and the low density, less than 10 eletrons/

cm3, indicates that GEOS 1 is in the plasma sheet. Spetra

obtained when GEOS 1 is in the denser plasma pause are usually

different from the plasma sheet spectra presented in this

study. All DMSP spectra observed in the precipitation region

have common features. We also find that a typical GEOS 1 spec-

trum from the plasma sheet is rather similar to a typical DMSP

spectrum from the precipitation region. No perfect match bet-

ween GEOS 1 and DMSP spectra is found in any particular event,

but on the average spectra from the precipitation region and

from the plasma sheet agree quite well, while spectra from

outside the precipitation region ot at all match plasma sheet

spectra.

Spectra from DMSP and GEOS 1 obtained at the times when the

magnetic field model implies that the satellites are close to

magnetic conjugacy, are not always similar. In events 1 and 2

a latitudinal shift of 2-3 degrees, directed from thJ equator,

is needed to place the projection of GEOS 1 at latitudes where
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course» at least to some extent, be due to errors in the mag-

netic field model.

Since spectra observed in the plasma sheet are similar in

shape to spectra obtained in the precipitation region, we find

that the electrons observed during the events studied in this

report are dumped along the magnetic field lines of the Earth,

without any significant acceleration by electric fields. The

detectors used are not intercalibrated, but spectra from the

equatorial plane and trom the precipitation region are similar

also in magnitude, which is consistent with direct dumping

along the field lines. During other auroral events, electric

fields may be essential for the precipitation of electrons. It

is well known that some diffusion mechanism operating in the

plasma sheet is capable of scattering particles into the loss

cone. This is in agreement with our observations which show

that particle spectra obtained in the plasma sheet by GEOS i

outside the loss cone are similar to DMSP spectra from the

precipitation region. It is likely the pitch angle diffusion

is closely connected with some waves (Meng et al. 1979, and

references therein). Thus, it would be of great interest to

study the wave activity in the plasma sheet during events of

the type presented in this report.
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FIGURE CAPTIONS

Figure 1 The GEOS 1 satellite is in an eccentric orbit near

the equatorial plane, while DMSP is in a polar

orbit.

Figure 2 Projections of model magnetic field lines through

the GEOS 1 and DMSP satellites onto the Earth's sur-

face. Capital letters refer to DMSP and lower case

letters to GEOS 1. The projections move from un-

primed to primed letters. Geographic longitude and

latitude are indicated on the axis. In the two upper

events, DMSP is in the southern hemisphere, moving

north. On 16 November 1977, A and A' correspond to

02.49.16 and 02.51.16 UT, while a and a' indicate

the position at 02.22.12 and 03.25.48 UT. On 4

December 1977, B and B' give the location at

02.45.34 and 02.46.33 UT, whereas b and b' corre-

spond to 02.27.00 and 03.16.48 UT. In the bottom

event, DMSP is in the northern hemisphere, moving

north. On 6 December 1977, C and C correspond to

02.47.58 and 02.50.00 UT, while c and c' indicate

the location at 02.31.48 and 03.20.00 UT. The dis-

played projection of the GEOS 1 satellite corre-

sponds to about an hour in each event, whereas the

foot of the DMSP field line is given for a period of

the order of a minute. Thus, during an event the

DMSP satellite is flying by the projection of GEOS

1, which is nearly fixed.

Figure 3 Count rates of two detectors on board DMSP, for the

three events discussed in the text.

Figure 4 Spectra from GEOS 1 and DMSP, observed on 16

November 1977. DMSP data are indicated by full lines

at 12 s intervals, starting at 02.49.00 UT. Time

runs from top left to bottom right. The lower dashed

lines in the bottom spectra of each column give the

one count per channel level for DMSP. The selected
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Figure 5 Similar to Pig. 4, but for the event on 4 December
1977. DMSP spectra are indicated at 10 s intervals.
At certain times the DMSP and GEOS 1 spectre to be
compared are linked by an arrow.

Figure 6 Similar to Fig. 5, but for the event on 6 December,
1977. DMSP spectra are shown at 10 s intervals.
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