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ABSTRACT 
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The Solar, Anomalous, and Magnetospheric Particle Explorer, SAMPEX, will 
carry out energetic particle studies of outstanding scientific questions in the fields 
of space plasma physics, solar physics, magnetospheric and middle atmospheric 
physics, and cosmic ray physics. SAMPEX will measure the electron and ion 
composition of energetic parti~le populations from -0.4 Me V /nucleon to hun
dreds of MeV /nucleon from a zenith-pointing small satellite in near-polar orbit, 
using a coordinated set of detectors with excellent charge and mass resolution, 
and with higher sensitivity than previously flown instruments. While over the 
magnetic poles, the instruments will study t~e composition of anomalous cosmic 
rays, solar energetic particles, and galactic cosmic rays. At lower magnetic lati
tudes, geomagnetic cutoff effects will allow determination of the ionization state 
of these particles at energies much higher than can be studied from interplanetary 
spacecraft. At subauroral latitudes, SAMPEX wiJI also observe precipitating rel
ativistic magnetospheric electrons, which undergo important interactions within 
the middle atmosphere. 

SCIENTIFIC GOALS 

Anomalous Cosmic Rays 

In the energy range below -50 MeV /nucleon, there are at least six elements (He, 
C, N, 0, Ne, and Ar) whose energy spectra show distinctive increases in flux above 
the quiet-time galactic cosmic ray spectrum (e.g., /1, 2/). This "anomalous" 
cosmic ray {ACR) component is generally believed to represent neutral particles 
that drift into the heliosphere, become ionized by the solar wind or UV radiation, 
and are then accelerated /3/. This model makes a unique prediction: the ACRs 
will be singly ionized, an assertion for which there is only indirect evidence. 

By measuring ACR spectra in a low altitude polar orbit, SAMPEX will directly 
measure the ACR charge state by using the geomagnetic field as a spectrometer. 
For example, Figure 1 shows the portions of a polar orbit where os+ and o+ 
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Fig. 1. Access of ACR to SAMPEX. 
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Fig. 2. ACR fluxes vs. cutoff rigidity. 

can reach the spacecraft: the more highly ionized nuclei will be seen during a 
smaller portion of the orbit since the geomagnetic field is less transparent to 
them. Indeed, by organizing the particle fluxes by cutoff rigidity, SAMPEX 
measurements will be able to distinguish amongst a number of possible charge 
states for ACR nuclei as shown in Figure 2. 

If the ACR are indeed singly ionized, then this component represents a direct 
sample of the local interstellar medium that carries important information about 
galactic evolution in the solar neighborhood over the time interval since the for
mation of the solar nebula. In addition, the spectral information obtained by 
SAMPEX, along with measurements by Voyager, Pioneer, and Ulysses in the 
outer heliosphere, will provide new insights into the acceleration and transport 
of these ions. 

Solar 'Energetic Particles - SEP 

Solar flares frequently inject large fluxes of energetic heavy nuclei into the inter
planetary medium, where their composition may be determined by direct mea
surements. The elemental and isotopic composition provide crucial information 
for understanding the history of solar system material and add new dimensions to 
the study of solar flare acceleration and propagation processes. High sensitivity 
spectrometers on SAMPEX will have 1-2 orders of magnitude more collecting 
power than previous instruments, and thus will determine the composition with 
sufficient accuracy to make decisive comparisons with other solar system sources. 
For example, of the few SEP isotopic ratios studied to date, Ne is of special in
terest since a variety of Ne isotopic compositions have been observed in the solar 
system. SEP observations give 22 Ne/20 Ne :::::::::: 0.12, significantly different from 
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Fig. 3. Charge distribution of 
iron in the energy range 0.3 to 1.0 
MeV /nucleon obtained for 3He
and Fe-rich solar particle events 
(cross-hatched histogram) and 
for one normal solar flare (25-27 
Sept. 1978, from /4/). 

the solar wind (22 Ne/20Ne = 0.073), and certain meteoritic samples. SAMPEX 
will measure 22 Ne/20Ne in many solar flares in order to determine whether this 
is an SEP fractionation effect, or whether other processes such as solar wind 
fractionation are responsibkl. 

The number of electrons stripped off SEP nuclei is influenced by plasma condi
tions at the acceleration site; thus, detailed measurements of the charge state 
distribution of indi~idual ionic species are of importance. -1 MeV /nucleon SEP 
from large solar flares show ionization states compatible with coronal tempera
tures, although it does not seem possible to reconcile the observed distribution 
with a single equilibrium temperature /5/. In addition to large solar fl.ares, there 
is a class of small, impulsive solar fl.ares with enormous enhancements in the 
3He/4He ratio (103 - 104) as well as large ('""20) enrichments of heavy nuclei 
such as Fe. Various plasma resonance mechanisms have been proposed to explain 
these enrichments (e.g., /6/) but many details remain puzzling: for example, 
particle ionization states in the small fl.ares (see Figure 3) show that the heavy 
nuclei come from hotter sources than normal fl.ares. Using the geomagnetic field, 
SAMPEX will be able to determine mean SEP ionization states at higher ener
gies than previous measurements, and can distinguish between large percentage 
differences in charge states (e.g., Fe14+ vs. Fe20+) to further constrain possible 
models for flares. 

Precipitating Relativistic Magnetospheric Electrons 

Observations at geosynchronous orbit have found that relativistic (2: 1 MeV) 
electron intensities can increase substantially for periods of several days. These 
enhancements are related to the presence of recurrent solar wind streams, and 
show a strong solar cycle dependence. Numerical modeling /7 /shows that when 
these electrons precipitate they can cause large energy depositions at 40-60 km 
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Fig. 4. Atmo
spheric energy 
deposition rates 
at various alti
tudes for ener
getic electrons 
(dark curve), 
galactic cosmic 
rays, and solar 
extreme ultravi
olet (EUV) radi
ation determined 
from a numerical 
transport code 

altitude in the atmosphere, dominating other ionization sources at these heights 
(see Figure 4). 

Precipitating relativistic electrons may indeed lead to substantial long-term in
creases in the levels of odd nitrogen compounds (NO::) at these heights with an 
attendant impact on local ozone levels via. the reactions NO+ 0 3 -+ N02 + 0 2 , 

and N02 + 0-+ NO+ 0 2 • It is therefore a critical problem to determine the ac
tual intensity and spatial extent of relativistic electron precipitation. SAMPEX 
will determine the longitude, latitude, and local time precipitation characteristics 
for > 1 Me V electrons required for these studies. 

Galactic Cosmic Rays 

Galactic cosmic rays ar.e a directly accessible sample of matter from outside the 
solar system. A spectrometer on SAMPEX will carry out measurements of the 
isotopic composition of this sample of high energy matter, which contains a record 
of the nuclear history of cosmic rays including their synthesis in stars and sub
sequent nuclear interactions with the interstellar gas. Cosmic ray isotope ob
servations have already revolutionized our views of both cosmic ray origin and 
propagation. As an example, measurements by a number of groups have shown 
that 22 Ne is a factor of at least 3 times more abundant in cosmic ray source ma
terial than in the solar system, while the abundances of 25Mg, 26Mg, 29Si, and 
30Si are all enhanced by a factor of -1.5. The exposure obtained on SAMPEX 
will make it possible to extend the search for isotopic differences between galactic 
and solar cosmic ray material to several additional key elements. 

INSTRUMENTATION 

The SAMPEX instrumentation includes a complementary set of four high resolu
tion, high sensitivity particle detectors: the Heavy Ion Large Telescope (HILT), 
the Low Energy Ion Composition Analyzer (LEICA), the Mass Spectrometer 
Telescope (MAST), and the Proton/Electron Telescope (PET). Prototypes of 
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Fig. 5. Spectral coverage 
of SAMPEX instruments. 

TABLE 1 Instrument Performance 

LEICA HILT MAST PET 

Energy range for 
electrons 1-30 MeV 
H 0.75-6 7-15 18-250 MeV 
He 0.4-6 3.9-90 7-91 18-350 MeV /n 
c 0.35-12 7.2-160 12-210 34-120 MeV /n* 
Si 0.26-6 9.6-177 19-345 54-195 MeV /n* 
Fe 0.16-4 11.0-90 24-470 70-270 MeV/n* 

Charge range for elements 1-28 2-28 1-28 1-2 (1-28)* 
Charge range for isotopes 2-16 2 1-28 1-2 
Geometrical factor ( cm2 sr) 1.0 65 7-16 0.3-1.6 

* PET commandable low-gain mode 

LEICA and HILT flew on the Space Shuttle in August, 1989. MAST and PET 
were originally approved and under construction for the (cancelled) U.S. space
craft of the International Solar Polar Mission. Thus, these new instruments are 
in an advanced state of development and are being readied for SAMPEX quickly 
and at moderate cost. Table 1 summarizes instrument characteristics. Figure 5 
shows the coverage of various energetic particle populations by the SAMPEX ion 
sensors. 
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The Heavy Ion Large Telescope - HILT 

The HILT sensor is a large geometry factor (65 cm2 sr) instrument designed to 
measure anomalous cosmic rays near the intensity maximum of their spectrum. 
This will allow statistically accurate spectral and cutoff measurements required 
for determination of the ACR charge state, as well as the charge states of solar 
energetic particles. Figure 6 shows a cross section of the sensor. HILT deter
mines particle type by the dE / dx vs. E method; particle trajectory angle is also 
determined, allowing magnetic cutoff rigidity determination to be done off-line. 
The proportional-counter and drift chamber are flow-through counters that use 
isobutane gas. Figure 7 shows the charge resolution of the HILT sensor mea
sured at an accelerator calibration: the resolution is easily sufficient to separate 
elements of ACR and solar energetic particles. 

HJL T I SAMPEX CROSS SECTION HILT/SAMPEX CALIBRATION 
CWbon 

Drift Chamber 

·2.21tV 
£- Fltld 

J 
ov~ 

£~fPOltn!lll •'~.I 
Wlru 

...... ---~--_,,_...,! 
···-·-··--·----------'-
~---· 

Micro· 
meteonlld 
Shl•ld 40 llicron " r 

L 
A 
T 
I 
y 
I 

c 
0 
u 

Posltl-ltlve 11 
Pnportlonal CGll\tlf' T 

I 

IOlllutlOft"Clllmllllr : 

MOGt " 

I 
I 
N 

0,18 

0,14 

O,t2 

o, to 

0,01 

O,OI 

0,04 

0,02 

0,00 

• 

32MeV/Nuo, 

OJrYo-n 
UMeV/Nuo. 

• 7 • 
NUCl!AR CHARG! 

Fig. 6. (left) HILT cross section. 

Fig. 7. (above) HILT resolution. 

The Low Energy Ion Composition Analyzer - LEICA 

LEICA measures elemental and isotopic abundances over the range from about 
0.35 to 10 MeV /nucleon. The instrument is a time-of-flight mass spectrometer 
that identifies incident ion mass M and energy by simultaneously measuring the 
time-of-flight t and residual kinetic energy E of particles that enter the telescope 
and stop in one of the array of four Si solid state detectors, as shown in Figure 8. 
The time of flight is determined by START and STOP pulses from microchannel 
plate assemblies that detect secondary electrons that are emitted from the en
trance foil and the front surface of the solid state detector, respectively, when the 
ion passes through them. The measured energy E = 1/2MV 2 , and the velocity 

• 
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V = L/t (where Lis the path length in the telescope) are combined to yield the 
mass of the ion M = 2E(t/ L) 2 , and the energy per nucleon of the ion. Figure 9 
shows the mass resolution of a prototype LEICA telescope. 

The MAST /PET Sensors 

The Mass Spectrometer Telescope - MAST. MAST will measure the isotopic 
composition of elements from Li to Ni in the range from ,..., 10 MeV /nucleon 
to several hundred MeV /nucleon. MAST consists of a combination of surface 
barrier and lithium-drifted solid-state detectors as shown in Figure 10. The first 
four detectors (Ml-M4) are one-dimensional position-sensitive detectors (PSDs) 
that accurately determine particle trajectories in order to permit corrections for 
pathlength and detector non-uniformities. Isotope identification in MAST is ac
complished by the standard dE / dx vs. E technique. The MAST design should 
achieve a resolution of Um :::; 0.25 amu, sufficient to resolve isotopes with abun
dance differences of ,..,, 100:1. Figure 12 shows the excellent resolution obtained 
with MAST at an accelerator calibration. 

The Proton/Electron Telescope - PET. Figure 11 shows the PET system, an 
all solid state detector telescope designed to complement MAST and HILT by 
providing measurements of electrons, protons, and helium nuclei. The primary 
PET analysis mode requires Pl and P2 (58° FOV); a wide-angle 90° FOV is also 
available for electrons. PET will also measure H and He isotopes, and in its com
mandable low gain mode it will resolve heavy cosmic ray elements through Z=28, 
thereby providing redundancy for the MAST and HILT sensors. In addition to 
the coverage indicated in Table 1, PET also includes a special counting rate for 
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>0.4 MeV magnetospheric electrons with -0.1 second time resolution. 

The Data Processing Unit - DPU. LEICA, HILT, MAST, and PET will be con
structed at separate institutions, then integrated with the experiment Data Pro
cessing Unit (DPU). This approach requires only a single interface between the 
SAMPEX experiment and the spacecraft, as shown in Figure 13. 
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Fig. 13. SAMPEX instru
ment block diagram show
ing instruments, the Da.ta 
Processing Unit {DPU), 
and interface to spacecraft 
telemetry and power sys
tems. 

SPACECRAFT AND MISSION DESCRIPTION 

SAMPEX scientific objectives require a near polar orbit on a spacecraft that is 
generally zenith pointing. A scan in local time is part of the mission objectives, 
hence Sun synchronism is not desired. The orbital altitude is selected to give a 
minimum lifetime of 3 years in order to observe the anomalous component and 
relativistic precipitating electrons over a significant portion of the solar cycle, and 
to be confident of observing numerous solar particle events. 

SAMPEX 

90-27 

Fig. 14. SAM.PEX 
spacecraft, showing 
instruments and 
orientation. 

Figure 14 shows the spacecraft layout, and Table 2 summarizes the mission. The 
spacecraft is a custom design, as required to accommodate already developed in-
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struments in the tight volume constraints of the Scout heat shield. The spacecraft 
uses momentum-wheel stabilization, with the solar panels always pointing toward 
the sun in order to achieve the required power. The spacecraft rotates about the 
sun-pointing vector in such a way as to achieve maximum zenith pointing. For 
example, for dawn-dusk orbits, the spacecraft rotates once per orbit about the 
sun-pointing vector, thus achieving zenith pointing for the instruments at all 
times. For noon-midnight orbits, the spacecraft rotates to be close to zenith 
pointing near the magnetic poles, then flips over at low magnetic latitudes. 

TABLE 2 SAMPEX Mission Description 

Spacecraft: built at GSFC 
Launch Vehicle: standard Scout 

Orbit: 550 x 675 km, 82° inclination 
Launch Date: 1992 

Mass: 52kg instruments, 118kg S/C + margin 

Launch site: Vandenberg AFB 

Orbit average bitrate: 3 kbps 
Mission Duration: ~3 years 

Power: 20W instruments, 60W S/C Total: SOW 
Total: 170kg 

GaAs solar cells 

Telemetry: S-band transponder; SW transmitter; 3MHz downlink; 16kHz uplink 

The instrument DPU sends telemetry packets to the spacecraft data system, 
where data is stored in a 26Mb solid state memory. Every 12 hours, the memory 
is dumped to Wallops or an alternate site. The spacecraft carries a 36-month 
supply of isobutane for the HILT sensor: there are no other expendables. 
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