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L; INTRODUCTION

The region of space near the synchronous altitude is a fascinating
region of space where various domains of the magnetosphere meet and
interact. Figure 1, taken fr m the work of Frank (1971), graphically
illustrates the confluence of the plasmapause, the extra-terrestrial ring
current, the boundary of the zorne of energetic particles and the earthward
terminus of the plasma sheet in the immediate vicinity of 6.6 Re. The
study of the interaction of the various plasmas with vastly different densities
ard temperatures and the energization and dynamics of these plasmas are

the goals >f the Environmental Measurements Experiments (E/E) on ATS-6.

The Aerospace experiment described i1n this paper contributes to these
goals through measurements of the high energy tail of the electron distribution
function. Our experiment covers the energy range, for electrons, from 140
keV to greater than 3.9 MeV, and we expect our experiment (o yield imnpor -
tant resulte regarding the acceleration and dynamics of the energetic electrons.
While previous measurements (see the compilations by ~ 2 and I ncero (1967),
and Singley and Vette (1372)) have contributed a great deai .. information re-
garding the behavior of energetic electrons at the synchronous altitude, com-

prehensive measurements, such as those being made on ATS-6 of the entire

distribution function for a given particle species has never been made.

Not shown in Fig. 1, but also present in .his region of space during so'ar
particle events, are energetic protons and alpha particles (and possible elec-
trons) of solar origin. These solar particles may penetrate to altitudes as low
as 4 Re (depending on particle rigidity and magnetic activity) but, in general,
the gradient of solar protons is located somewhere in the vicinity of 6.6 Re'
The Aerospace experiment measures the fluxes and spectra of solar particles
reaching the synchronous orbit. (The proton thresholds of this experiment are

too hich to permit the detection of the proton component of the trapped radiation.)

The sections below describe the instrumentation in some detail and provide

examples of results obtained during the first year of the operation of ATS-6.
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[, DESCRIPTION OF THE EXPERIMEN |

A Physical and Electronic Configuration

The instrument consis(s of four separate sensors, one two
detector element telescope and three omnidirectional single detector units.
An overall view of the instrument is presented in Figure 2; a functional

schematic of the electronics is presented in F° jure 3.

The counter telesc.pe uses silicon surface-barrier detectors of
ORTEC manufacture behind a disc-loaded collimator. The first detector
1s a 50 mrnz area, 23uy deep device and the second has a 200 mm2 area and
is 100, deep. Both are totally depleted. Five electronic discriminator
levels are used with the first detector. The two upper levels are set above
the maximum energy a proton can deposit in the detector and th: are sens.-
tive to alphas only (actually Z 2 2). The next two levels are sensitive to pro-
tons (actually all izns) .t not electrons ard the lowest level is sensitive (o
all particles in the appropriate energy range. The sole function of the se-
cond detector is to inhibit frcm analysis any penetrating particles. Section

B provides details about the energy channels.

The three ornanidirectional sensors use small cubical lithium-drifted

silicon detectors, manufactured by SSR, centered under a hemispherical

sheel and heavily shielded (relative to the hemispherical shield) over the

rear 2n solid angle. Protons are separated unambiguously from electrons

by setting the second discriminator level well above the maximum energy an
eiectron can deposit in the small semiconductor detector. The fact that dE/dx
(energy loss per unit path length) 1s much greater for protons than for elec-
trons (in the energy range of geophysical interest) is utilized. The absence

of electron contamination in the proton channels was verified by electron ir-
radiation of the sensors. The proton threshold of each of the three sensors was
determined primariiy by the thickness of the hemispherical shield, with the
energy threshold of the two most lightly shiclded units somewhat affected by
the elecironic thresholds as well. The most lightly shielded omnidirectional

sensor has a third electronic level set above the maximum proton energy
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Fig. 2. Overall view of The Aerospace Corporation encrgics
particle spectrometer on ATS-6. Omnidirectional
detectors are housed inside the cylindrical collima-
tor structure in the foreground.



SENSOR
|

SENSOR
2

SENSOR
3

SENSOR
4

Fig. 3.

- EAMP>

SHAPING
NETWORK

SHAPING
NETWORK

SHAPING
NE WORK

—1 AMP
e

{wwoscH  H T}
ey 0ISC |H = '- -ll
swev 0t Heeor [

——{ omev s H — -

—fwoxH__HH

m-e@-_j

300 keV 015C}—————

T —

S A

SPACECRAHT NTLRFACE

BUFFER
CIRCUI

wws-—— |
e

300 keV DISC
wo}——

DETECTOR'BIAS ====—

10V ----— POWER | |
BV - - - ——{SUPPLY| |

6V - — |

Schematic block diagram of detector/electronic

system,



deposit to provide an alpha particle channel. The twe heavier hemispherical
shields were made of beryllium to mirnimize bremsstrahlung and maximize
the threshold sharpness. The most lightly shielded shield is aluminum sirnce
an aluminum shield is much cheaper and the performance difference negligible
for such a thin ghield.

The eiectronic sub-system of the experiment are shown schematically
in Figure 3. The input stage of the pre-amps utilize an n-channel field-effect-
transistor. In order to maintain a low system noise, the input stage is en-
closed in a shielded compartment. The characteristic long-tail pulse from
the pre-amp is shaped by a pole-zero shaping network into a pulse with a 1
microsecond time constant. The high level discriminators (>8 MeV) are
driven directly from the output of the shaping circuit. Output from the
shaping network is also coupled to an operational amplifier which provides
the additional gain required to trigger the low energy thresholds. Pre-amp
gain is set by an adjustable feedback capacitor. Gain of the op-amp is set by
. feedback resistor.

The discriminator is essenually a comparator driving a tunnel diode.
The threshold voltage is set by a lab-set resistor. Output frem the discrimi-
nator is 0-5 volts pulse with an approximate du.ation of a microsecond. A
COS/MOS buffer circuit accepts the 0-5 volts discritninator pulse and pro-
vides a 0-10 vu!t pulse to interface with the spacecraft encoder.

Sensor 1 uses two sets of circuits identical to those used for Sensors
2. 2ard 4, The front detector of the two detector array has five discrimi-
nators which drive an inhibit circuit; particles penetrating through the first
detector are thus reected. COS/MOS logic is used to perform the trailing
edge logic ii the inhibit circuit. Trailing edge logic is used to compensate
for "walik" in the discriminators. Outputs from the inhibit circuit are also
buffered to interface with the encoder.

-10-



A DC-DC converter provides the required instrument bias voltages.
Power from the spacecraft is coupled to a series pass stage to limit the
experiment turn-on transient and protect spacecraft relays. The converter
section is completely enclosed in an electrostatic shield to minimize un-
desirable pickup by the counting circuits. Total power consumption is
475-540 milliwatts, depending on the count rate at which the instrument is
operating.

Terminal boards with discrete components and point to point wiring
are used in the constuction of the amplifiers, discriminators and power supply.
Printed circuit and integrated circuits are used for the irhibit and buffer cir-
cuits. Total experiment weight is 2. 6 pounds.

B. Detector Calibzration Data

1. Electron Channels
Figures 4 and 5 display the electron calibration data in
graphical form. The El channsl employed a directional geometry of 1.6 x
10"
and thus the calibration data, obtained with a plane parallel beam, must be

cmz-ar. the E2, E3 and E4 channels used an omnidirectional geometry

integratec over the angular acceptance of these detectors in order to arrive
at the omnidirectional ~fficiency as a function of energy. However, it is
convenient to define thresholds and geometric factors for obtaining rapid
estimater Of fluxes. These thresholds and geometric factors are ca'culated
by numerically integrating the response function cver various spectral shapes
and finding the threshold which minimizes the vai.ation of the calculated geo-
metic with spectral shape. The results 2re given in Table 1.

The proton and alpha particle channels have negligible
sensgitivity to electrons.

itz
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TABLE 1.

Channel Passband or ¢eG
Threshold (MeV)
El C. 140 - 0.600 115 cm? - or
E2 0. 700 . 00349 cm?
E3 1.55 .0176 cm?
E4 3.90 . 0688 cm’

-14.-




2. Proton Channels

The proton calibration data for channels Pl and P2 are
shown in Figure 6. The thresholds of these two channels are sharp ~nnough
[‘E’Bthruhold«l where AE ~ E (¢ = 90%) - F (¢ = 10%) ] to eliminate the
need for numerically integrating over the response function. The geumetic
factors of the other proton channels (the ominidrectional sensors) were com-
puted, and spot-checked at several energies where accelerator protons were
available. Table 2 gives the results. Unfortunately, ATS-6 weight con-
straints prevented the use of sufficient back shielding to render back pene-
tration negligible for all proton spectra. Two different thicknesses of shielding
covered the rear hemisphere and thus each channel has threa passbands and
geometric factors. These '"rear passbands' are also given in Table 2.

In all cases the electron channels are sensitive to protons. However,
as a general rule, at the synchron~us orbit the electron fluxes far exceed
those of the trapped protons. Under unusual conditions, i.e., during solar
proton events apparent electron counts can be due to protons. The efficiencies
of the electron channels for protons are given in Table 3.

The proton channels car be ‘riggered by alphas (or higher Z); the relative
abundance of alphas to protons renders this contamination negligible.

-15-
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T4BLE 2.

Channel Ei:::#{ G Particle
_—-
Pl 2.3:-5.3 160 cm” = or p
P2 3.4-5.3 .160 em? - sr p
P3 9.4-21.2 .160 cm? - or o
P8 13. 4-21.2 .160 cm® - sr o
P4 12-26 . 0045 cm? p
Ps 46-100 . 0048 cmz o
P6 20-52 .0188 cm® P
P7 40-90 . 0412 cm® p

Rear Passbands

P4a 58-68 .0023 cm? p
P4b 85-96 .0017 cm? p
P5a 232-265 .0033 cm® o
P5b 344-370 .0031 cm® o
Péa 58-86 .0135 cm> p
Péb 86-109 .0128 cm® p
P7a 58-108 .0368 cm> p
P7b 86-132 .0318 cm’ p

Vs



TABLE 3.

Energy
Channel (MeV) G Particle
El ‘lne footnote .16 t:mz - 8r 2
E2 12-190 .0074 cm? p
E3 21-290 .0287 cm® p
E4 40-520 .0617 em> p
Rear Passbands
E2a 58-310 .0061 cm® p
E2b 86-330 .0057 cm? p
E3a 58-470 . 0260 cm® p
E3b 86-490 .0244 cm® p
Eda 58-550 .0595 cm? P
E4b 86-650 . 0565 cm® p

*The El electron channel is sensitive to protons with enerJies greater
than 710 keV. The upper limit of sensitivity is of the order 190 ' MeV
without the veto trigger, about 5.3 MeV when the particle enters, in
such a way as to hit the veto detector.

-18-




III. OPERATIONAL HISTORY

The Aeruzpace experiment on ATS -6 was first powered in orbit
on 14 June 1974, The experiment has been operating almost continuously
since that time; such brief shutdowns of the experiment as have occurred
have been associated with tests of other experiments on ATS-6, Several
minor anomalies in the performance of the experiment have been observed
during the first year of operation; none of these affect the quality of
utility of the data in any significant way and we consider that all goals c.
the experiment are being met.

-19-



iV. PRELIMINARY RESULTS

In this section we oresent a brief summary of the prel. nary results
already obtained from our ATS-6 experiment. These summaries are in-
dications of some of the unique contributions AT"-6 data will make to our
understanding of the behavior of the magnetnsphere and the entry and motion
of solar particles in the magnetosphere.

A. Emglctic Electrons

When the first data on energetic electrons obtained by ATS-6
was examined, we noticed that the electron fluxes were much more dynamic
than earlier observations (Paulikas et al., 1968; 1969; 1971) on ATS-1 had
indicated. ATS-6 data indicated the virtual disappearance of energatic elec-
trons during portions of the crbit in the night-time quadrant. Such "dropouts"
were observed only rarely on ATS-1. In order toc make a quantitative check
on this impression, we obtained data from our experiment from ATS for the
same time period and have made a direct comparison of ATS-6 and ATS-1
energetic electron observations. These comparisons are illustrated in
Figures 7 and 8. Figure 7 illustrates observations made during a magnetic-
ally quiet period (Day 201) which was preceeded by three days of magnetic
quiet. In general, ATS-6 and ATS-1 energetic electron count-rates show
similar behavior. The sharp decreases in flux near 0439 UT and 0630 UT
visible in the ATS-6 data are the results of substorms. Note that the effects
of substorm on the energetic electrons are much attenuated at ATS-1 as
compared to ATS-6.

We find that during geomagnetically active periods, there is a very sub-
stantial difference in the count-rates observed by the two spacecraft.
Figure 8 illustrates a compaxison of observations made at ATS-6 and ATS-1
during a disturbed period. Note the total disappearance of flux at ATS-6
while ATS-1 always observes finite fluxes.

Preceding page blank
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The differences in phenomenology appear to be due to the different magnetic
latitudes of the spacecraft. ATS-6 is located at about 10° magnetic latitude at
its location of 94° W longitude, while ATS-1 is almost exactly on the magnetic
equator at 150°W. The ~10° difference in magnetic latitude appears to be
sufficient to place ATS-6, at times, into regions of space devoid of energetic
electrons. Substorms, for example, as illustrated in Figure 7, have a greater
effect on the energetic particle population off the magnetic equator. We can
postulate that, during the later stages of a substorm, the geomagnetic field
relaxes to more dipole-like ccnfiguration and the boundary of energetic par-
ticle trapping moves inward and equatorward past the ATS-6 spacecraft.

The comparisons of ATS-6 data with ATS-1, while still preliminary, in-
dicate a surprisingly steep gradient in the energetic eclectron population as one
moves away from the equator, in other words, a disk-like region of trapping
of energetic electrons near 6.6 Re'

B. The Solar Proton Event of 4, 5, 6 July 1974

Several solar proton events have been observed by the ATS-6
detectors during the first year of operation. Although at the present time
we are at a relatively quiescent state of the cycle of solar activity, modest
outburst of protons (and heavy nuclei) were emitted by the sun during Julwv
and September of 1974 and detected by tl.» Aerospace experiment and other
experiments aboard ATS-6.

Solar protons of even relatively low energy are able to reach the
synchronous altitude quite readily, without very much decrease in the flux as
these particles transverse the ouier regions of the geomagnetic field. This
surprising result was firs* noted by experiments on ATS-1 (Langerotti, 1968;
Paulikas and Blake, 1969). The ATS-6 experiments will provide very much
better insight regarding the trajectories by which solar particles penetrate
deeply into the magnetosphere, the gradients of solar particle fluxes near the
synchronous orbits and *he effects of electromagnetic waves on the motion
and lifetime of solar »articles inside the geomagnetic cavity.

-24-



An overall view of the July, 1974 solar zrotoa event, a: observed by
The Aerospace Corp. experiment on ATS-6, is presented in Figure 9. The
entire event is quite complex. The complexity arises partly because severa!
emission of particlos by the sun, somewhat separated in timv, are superim-
posed and parcly because disturbances in the geomagnetic field were aiso
affecting the fluxes of solar particles.

The effect of one such disturbance, a co.npression of the geomagnetic
field (pr-zsumably by an interplanetary shock) ~n solar protons moving within
the geomagnetic field, is illustrated in Figare 10. The effect of such a com-
pression is to increase the observed flux within & given energy channe!l because
particles are accelerated. The acceleration process is identical to that which
operates in betatrons. Furthermore, the changes in the configuration of the
geomagnetic field causes the particle flux gradient to move past the detector.
Study of the time development of flux changes, such as illustrated in Figure
10, can give irformation regarding the way particles interact with the spec-
trum at elect. omagnetic waves created during geomagnetic activity (Paulikas
and Blake, 1970).

-25-
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V. SUMMARY

After more than a year of operation in orbit, the Aerospace
Corporation experiment continues to provide excellent data. All design
goals of the experiment have been met. While data analysis is still
in the preliminary stages, it is clear that our experiment on ATS-6 will
provide rew and unique data regarding the behavior of energetic elec-
trons at the synchronous altitude. In particular, correlation of ATS-6
data with data from other synchronous orbit spacecraft now operating
(ATS-1, ATS-5) or planned for the future launches (GEOS) will give a
much more complete view of the magnetospheric processes operating
at high altitudes.
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LABORATORY OPERATIONS

The Laboratory Operations of The Aerosyace Corporation is conducting
experimental and theoretical iavestigations necessary ior the evaluation sad
application of scientific advances to new mdlitary concepto and oystams, Ver-
oatility ead flexibility have been developed to & high degree by the laboratory
porocans! in dealing with the many problems encountered in the natien's rapidly
doveloping space and micsile systems. Fupertise in the latest scientific devel-
opmencs {8 vital to the sccomplishmy at of tasks related to these problams. The
laboratorice that comtribute to this r search are:

Launch and , heat -
e L e ey
atmoopheric pols and high-power gas lasere.

laser-induced renctions, unrchﬂotrr ropulsion chemistry, space vacuum
and rediation effects on materials, lubric and surface

sensitive materials and senscors, high pndoln laser and the appli-
cation of physice and chomistry to problems of law eaforcement and blomedicine.

m&wmmw: theory, devices, and
on electromagnetics; quantum electronice,
re, and oloan-:u; communication sciences, applied slectronice, semi-

conducting, rystal devi B sl and acoustical
imaging; atmospheric pollution; r'.lluuhr n?om::- n‘nl Mchdo"?

11 Developmaent of new materials; metal
matriz compos new forms cnh-:mtulmluﬂndlr.ﬂu
and ceramics in reentry; spacecraft materials and electronic components in
nuclear weapons environment; spplication of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metals,

W Atmospheric and Inuplurle physics, racia-
tion from e, 141 2 and composition of the atmosphere, aurorae
and sirglow; magnetospheric physics, cosmic rays, generation “amnﬂu

: waves in the magnetosphcre; solar ’t::lu. dlﬂ-:;.:: 4 mﬂc
; space astromomy, X-ray astronomy; the effects

magnetic storms, and solar activity on the earth's atmunj here, luu’hn.

magnstosphere; the effects of optical, electromagnetic, §.ad particulate radia-

tions in space on space systems.

THE AEROSPACE CORPORATION
El Segundo, California
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