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Abstract. The Electron, Proton, and Alpha Monitor (EPAM) is designed to make measurements
of ions and electrons over a broad range of energy and intensity. Through five separate solid-state
detector telescopes oriented so as to provide nearly full coverage of the unit-sphere. EPAM can
uniquely distinguish ions (E;250 keV) and electrons (E,240 keV) providing the context for the
measurements of the high sensitivity instruments on ACE. Usinga AE x E telescope, the instrument
can determine ion elemental abundances (E20.5 MeV nucl™!). The large angular coverage and high
time resolution will serve to alert the other instruments on ACE of interesting anisotropic events.
The experiment is controlled by a microprocessor-based data system, and the entire instrument has
been reconfigured from the HI-SCALE instrument on the Ulysses spacecraft. Inflight calibration is
achieved using a variety of radioactive sources mounted on the reclosable telescope covers. Besides
the coarse (8 channel) ion and (4 channel) electron energy spectra, the instrument is also capable of
providing energy spectra with 32 logarithmically spaced channels using a pulse-height-analyzer. The
instrument, along with its mounting bracket and radiators weighs 11.8 kg and uses about 4.0 W of
power. To demonstrate some of the capabilities of the instrument, some initial performance data are
included from a solar energetic particle event in November 1997.

1. Science Objectives

The Electron, Proton, and Alpha Monitor (EPAM) instrument on the ACE space-
craft is designed to measure a broad range of energetic particles over nearly the
full unit-sphere at high time resolution. Such measurements of ions and electrons
in the range of a few tens of keV to several MeV are essential to understand the dy-
namics of solar flares, co-rotating interaction regions (CIRs), interplanetary shock
acceleration, and upstream terrestrial events.

The primary objective of EPAM is to support the high sensitivity instruments on
ACE. These are the Cosmic Ray Isotope Spectrometer (CRIS), the Solar Energetic
Particle Ionic Charge Analyzer (SEPICA), the Solar Isotope Spectrometer (SIS),
the Solar Wind Ion Mass Spectrometer (SWIMS), the Solar Wind Ion Compo-
sition Spectrometer (SWICS), and the Ultra Low Energy Isotope Spectrometer
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(ULEIS). As a monitor instrument EPAM will provide the context for the mea-
surements made by the high sensitivity instruments. The large dynamic range of
EPAM extends from about 50 keV to 5 MeV for ions, and 40 keV to about 350 keV
for electrons. To complement its electron and ion measurements, EPAM is also
equipped with a Composition Aperture (CA) which unambiguously identifies ion
species reported as species group rates and/or individual pulse-height events. The
instrument achieves its large spatial coverage through five telescopes oriented at
various angles to the spacecraft spin axis. The low-energy particle measurements,
obtained at time resolutions between 1.5 and 24 s, and the ability of the instrument
to observe particle anisotropies in three dimensions make EPAM an excellent re-
source to provide the interplanetary context for studies using other instruments on
ACE.

EPAM is part of the Real-Time Solar Wind (RTSW) system developed by NASA
and NOAA. The instrument provides 24-hr coverage of the space weather environ-
ment at ACE. The data products include measurements of the real-time flux levels,
energy spectra, and anisotropy of energetic ions.

EPAM has some unique capabilities that enable it to provide significant in-
sights in the understanding of energetic particle acceleration and propagation in
the heliosphere. Low-energy solar particles will act as probes of the morphology
of coronal and interplanetary field structures as they evolve during the rise in solar
activity from the near solar minimum conditions at the launch of ACE, through
solar maximum. EPAM is the only instrument on the ACE spacecratt that observes
the full unit-sphere distribution of particle fluxes; it is the only instrument that
measures electrons; it has the highest time resolution of the energetic particle in-
struments and it covers a wide range of energies with sufficient dynamic range
to handle everything from very small events to the most intense solar flares and
interplanetary shock spikes. These capabilities will enable EPAM to contribute to
the study of a large variety of ACE mission science objectives.

EPAM will examine the acceleration and propagation of ions and electrons
in solar energetic particle events. It covers relativistic energies for electrons and
non-relativistic ion energies. EPAM covers more than three decades of ion energy
including the crucial energy regime spanning the transition from prompt ion prop-
agation at and above 5 MeV nucl™! down to the slower probes of interplanetary
field structures at 50 keV. A 32-channel energy spectrum accumulator in EPAM
can follow the velocity dispersion of the outflowing ions.

Interplanetary shock acceleration of low-energy ions and electrons is a promi-
nent feature of particle fluxes in the energy range from 50 keV to a few MeV.
With its three-dimensional coverage, EPAM can measure the true flow patterns
of particles accelerated near shocks. CIRs are also important accelerators of ions,
primarily at radial distances beyond 1 AU. The structure and dynamics of parti-
cle acceleration at CIRs can be examined in three dimensions by EPAM as these
particles flow back into the inner heliosphere. The nearly full unit-sphere coverage
of EPAM is important for separating the apparently similar anisotropies observed
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resulting from particie flows or cross-field gradients in particle fluxes when they
are observed in only two dimensions.

En route from the Earth to the L libration point, ACE observed many bursts
of outflowing magnetospheric particles. These bursts, which have been examined
both at Jupiter and at Earth, contain many details of particle acceleration and the
propagation of the particles upstream to ACE. EPAM will examine the rapid time
variations, strong three-dimensional anisotropies and the composition of upstream
bursts.

2. Instrument

EPAM is designed to make in situ measurements of ions and electrons in in-
terplanetary space. The instrument was adapted from the flight-spare unit of the
HI-SCALE instrument aboard the Ulvsses spacecraft. HI-SCALE was built by the
Johns Hopkins University Applied Physics Laboratory with Dr Louis J. Lanze-
rotti of Lucent Technologies as Principal Investigator; detailed descriptions of HI-
SCALE may be found elsewhere (Lanzerotti et al., 1983, 1992, 1993). Although
HI-SCALE and EPAM are identical in design and functionality, the mechanical
layout of the detectors making up the HI-SCALE instrument was designed for an
unimpeded field-of-view when mounted on the corner of the box-like structure
of Ulysses. In order to provide EPAM with an unimpeded field-of-view on the
irregular octagon structure of ACE, the two telescope assemblies were moved to
a mounting fixture, elevated above the spacecraft top deck and located between
two solar arrays (see Chiu et al., this issue). An interface box was added to the
EPAM electronics to convert the control si gnals sent to and received from the ACE
spacecraft, in order to use the Ulysses spacecraft interface.

EPAM measures energetic particles in the energy range from about 50 keV to
5 MeV. Its configuration consists of five solid-state detector systems on two stub
telescopes, referred to as the 2A and 2B assemblies. The telescopes are mounted on
a support bracket, which also mounts and encloses the instrument electronics box.
The EPAM instrument alone weighs approximately 5.64 kg and the instrument
along with its mounting bracket weighs 11.8 kg. Although survival heaters are
present, the nominal instrument temperature is well above the thermostatic set point
of these heaters, and so they will not cycle on. EPAM consumes about 4.0 W of
power during normal operations. Table I summarizes the characteristics of EPAM.

Each stub telescope supports a Low-Energy Magnetic Spectrometer (LEMS)
to measure ions, and a Low-Energy Foil Spectrometer (LEFS) that measures both
ions and electrons. These two detector systems together form a LEMS/LEFS pair
which is identical in design on each stub-arm telescope. The two LEMS sensors
are oriented 30° and 120° from the spin axis and are identified as LEMS30 and
LEMSI120. The LEFS are pointed 60° and 150° from the spacecraft spin axis
and are known as the LEFS60 and LEFS150 telescopes. The last detector system
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TABLE |
ACE/EPAM instrument characteristics

Mass instrument 5.64 kg

bracket 6.13 kg
Power 10w
EPAM data rate 168 bits/s , continuous
Thermal control passive
Spatial coverage 5 apertures, ~full unit sphere
Time resolution 1.5-6s
Energetic particles electrons 40350 keV

ions 464800 keV

species groups  H, He, CNO, Fe
Geometric factors LEMS 0.428 cm? sr

LEFS 0.397 cm? sr

CA 0.103 cm? sr

measures ion composition, and is referred to as the Composition Aperture (CA).
Its look-direction is oriented 60° from the spacecraft spin-axis and so is known as
the CA60 telescope.

The two LEMS telescopes and the CA60 telescope have covers that may be
commanded closed by heating bi-metallic springs attached to each cover. Radioac-
tive sources mounted in the covers provide inflight calibration of the LEMS and
CA detector systems. A photograph of the instrument is shown in Figure 1, with
labels indicating the five detector assemblies.

ACE is a spin-stabilized spacecraft which rotates about an axis directed within
20° of the Sun at a rate of about 5 revolutions per minute and hence a spin period
of 12's. As the spacecraft spins, these five telescopes sweep out swaths of space,
providing nearly full three-dimensional coverage for measuring ion anisotropies
and approximately 40% coverage for electron anisotropies. As the spacecralft spins,
the instrument electronics sample the detectors such that the swath of space swept
out by each telescope is divided into nearly equally spaced sectors.

Figure 2 shows the EPAM look directions and the approximate sector defini-
tions, projected onto the unit sphere, as well as a cylindrical projection of these
look directions for the five sensor heads. The abscissa denotes the clock angle in
degrees from the spacecraft x-axis. The ordinate gives the polar angle from ACE’s
spin vector. In the case of the detector pair. LEMS30/LEFS 150, four sectors are
used, each 90° wide. These sectors are referred to by the upper case letters A to
D for LEMS30 and the numbers | to 4 for the LEFS150. The LEMS 120/LEFS60
detector pair is divided into eight sectors, each 45°. These sectors are denoted in
the figure by the numbers | through 8 for LEMS 120, and the letters a to h for the



Figure 1. The EPAM instrument on ACE. The five detector orientations on the two stub-arm tele-
scopes are designed to provide nearly full coverage of the unit sphere as the spacecraft spins. The
LEMS and the CA detectors have reclosable covers and are used for inflight calibrations.

LEFS60 system. The CA60 telescope also is sampled in 8 sectors. From this figure.
it is clear that EPAM covers most of the unit-sphere, with considerable overlap in
spatial coverage.

2.1. DETECTOR SYSTEMS

A schematic view of the EPAM 2A and 2B stub-arm telescope configurations is
shown in Figure 3. The EPAM 2A configuration shows the LEMS 120/LEFS60
telescope pair. The 2B configuration shows the LEMS30/LEFS 150 pair. as well as
the CA00 telescope and its detectors (discussed below). The two LEFS detectors
have a full-cone angle of 53° and a geometric factor of 0.397 ¢cm? sr. The two LEMS
detectors have a full-cone angle of 51° and a geometric factor of 0.428 ¢m- sr. The
CA has a reduced geometric factor of 0.103 cm? sr and a full-cone angle of 45°.
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Figure 2. The tive EPAM detector assemblies are shown in a cylindrical projection. The energy chan-
nels for each of the telescopes are abbreviated for the electrons as £ (LEFS150) and E’ (LEFS60).
The ion channels are denoted by P (LEMS30) and P’ (LEMS 120), and the composition channels by
W (CAG60). The abscissa shows the clock angle measured from the spacecraft’s x-axis. Depending
on the detector, either -4 or 8 sectors divide a spin into approximately equally spaced regions. The
ordinate shows the polar angle measured from the spin vector of ACE.
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Figure 3. Schematic outline of the EPAM instrument’s detector assemblies. The detectors are iden-
tified by the letters M, F. M’, F', B, C and are totally depleted surface barrier Si detectors, each
approximately 200 pm thick. The D detector is 4.8 um thick.

2.1.1. LEMS/LEFS
The LEFS60 and LEFS150 telescopes measure electrons with energies less than
about 350 keV. An aluminized Parylene foil, nominally 0.35 mg cm™? thick, is
used to absorb ions with energies below approximately 350 keV, while allowing
electrons with energies above about 35 keV to pass through to the solid-state de-
tector. The detector assemblies are referred to as F and F’ for the LEFS150 and
LEFS60 telescopes, respectively.

The two LEMS telescopes measure ions and these detectors are referred to as M
for the LEMS30 telescope, and M’ for the LEMS]20 telescope. A rare-earth mag-
net in front of each of the two LEMS detectors, M and M ', sweeps out any electrons
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TABLE I

Low-energy magnetic spectrometer detector systems

LEMS30 LEMS 120
Energy  Logic Passband Energy Logic Passband
channel (MeV) Channel {MeV)
Pl MIM2F  0.046-0.067 P’ M TM2FT 0.047-0.068
P2 M2M3F  0.067-0.115 P2 M'2M"3F"  0.068-0.115
P3 M3MAF  0.115-0.193 P'3 M'3M'AFT  0.115-0.195
P4 M4AMSFE  0.193-0.315 P'4 M'AM'5F 0.195-0.32]
P5 MSM6F  0.315-0.580 P's M'SM'6F  0.310-0.580
P6 M6MTF  0.580-1.060 P'6 M'6M'TF’  0.587—1.060
P7 MTMS8F  1.060—1.880 P'7 M'TM'8F’  1.060-1.900
P8 M8F 1.880-4.700 P’8 M'SF’ 1.900-4.800

with energy below about 500 keV. In the LEMS30 telescope, these electrons are
measured in the B detector which is located at the back of the CA60 telescope
assembly (described in Section 2.1.3). The B detector is also the anti-coincidence
detector of the CA. Because the B detector measures deflected electrons, it is a
pure electron detector and is not generally susceptible to ion contamination.

Each of the four detectors (M, F, M’, F') used in the LEMS/LEFS telescopes is
a totally depleted, solid-state, silicon surface barrier detector with a total thickness
of approximately 200 rm. The penetrating particle creates electron-hole pairs in
the detector, the number of which is related to the incident kinetic energy of the
particle. Provided the detector stops the particle, its total energy can be inferred.
Completely analogous to LEMS30, the LEMS120 telescope uses the M’ detec-
tor, and the differential flux is measured in eight rate channels, P’1 through P’8.
Table II gives the energy channel name, the logic equation implemented by the
instrument electronics, and the energy passbands for the two LEMS detector sys-
tems. The overall EPAM block diagram (adapted from Lanzerotti et al., 1992) is
shown in Figure 4.

The LEFS150 telescope uses detector F to measure rate and energy and detector
M serves as its anti-coincidence detector. The differential flux of the particles is
determined from the total electron energy in three energy channels, referred to as
£l to E3. Four additional energy channels are used to measure ions above about
400 keV which penetrate the foil and stop in the F detector. These channels are
referred to as FP4 to FP7 where the notation ‘F P’ is used to emphasize that
these particles are foil protons (ions). The energy of these ions may be inferred by
adding the energy loss through the foil to the electronic energy channel passbands.
Pure electrons are measured in the B detector of the CA60 telescope, described
below. Table III gives the energy channel name, the logic equation implemented




lEnergy window

- 60 h_m:m::\/ rate logic | rate channel | ] oPU
M g accumulators control
é v ... ROM
a | b . 1 RAM
LEMS "§ L= puise
ya 120 2 ——]  height Time and
SE—— = =171 analyzer 1 spin
LEFS / e ] ™| _clocks
l:150 3 —
—qjata ana |__n
C M —Fommand — S/C
e L2 o
Sl E_ <%
\ QB % 2a \ AEXE
CA \\ A LEMS g %§ i__f:i\ rate logic | rate channel "J
30 S & accumulators
Thermal Analog -epo]
{1 8/IC House- — S/C Power L g/
cover closure] Digital = keeping | conditioner |3~
Figure 4. Block diagram of the EPAM instrument electronics.
TABLE III
Low Energy Foil Spectrometer detector systems
LEFS150 LLEFS60
Energy  Logic Passband Energy Logic Passband
channel {MeV) Channel (MeV)
El FIF2M  0.044-0.058 E'l F'IF2M’  0.045-0.062
E2 F2F3M  0.058-0.104 E2 F'2F'3M"  0.062-0.102
E3 "3F4M 0.104-0.180 E’3 F'3FP4M’  0.102-0.175
F P4 FPAFS5M  0.463-0.568 FP'4 F'a4F'5M’ 0.463-0.568
FP5 F5F6M  0.5680.796 FP’'s F'SF'6M’  0.568-0.795
FP6 F6FTM 0.796-1.114 FP'6 F'6FTM’ 0.795-1.193
FP7 FTM 1.114-4.924 FP'7 F'iM’ 1.193-4.924
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by the instrument electronics, and the energy passbands for the two LEFS detec-
tor systems. The LEFS60 telescope uses the same detection scheme with the F’
detector to measure rate and energy with M’ used in anti-coincidence. Energetic
electrons above about 350 keV will pass through the foil and the 200 pm thick
detector F(F'), and will be detected by the anti-coincidence circuit when they are
detected in the M (M') detector.
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2.1.2. MF Spectrum Accumulator

The MF Spectrum Accumulator, or MFSA, provides much higher energy reso-
lution for the LEMS and LEFS detector systems than is available from the rate
channels. This feature of the EPAM electronics produces a 32-point logarithmically
spaced energy spectrum, accumulated from each of the LEMS/LEFS detectors.
These data are processed according to a schedule which rotates through each sector
of the detectors M, F, M', F'.

The MFSA samples the same analog signal as the rate channels and converts it
to a logarithmic signal, then digitizes it to 8 bits rather than processing the analog
signal with discriminators and accumulators, as is done with the rate channels. The
MFSA digitization is identified in Figure 4 as the central block labeled ‘Pulse-
height analyzer.” At the time the instrument was designed, space qualified 8-bit
analog-to-digital converters required about 30 s to complete one conversion. This
slow rate could not keep up with the analog portion of the instrument, hence only
a subset of events could be processed.

The MFSA accumulation scheme is summarized in Table I'V. Each row corre-
sponds to a schedule in the MFSA accumulation. The MFSA data system consists
of a bank of four memories which are multiplexed to store the 32-bin, 8-bit spec-
tra, on a per sector basis. These four memory banks are denoted by the Roman
numerals I-IV in Table IV. The LEMS30 and LEFS 150 telescopes each have four
sectors, and therefore accumulate a spectrum from detectors M, F for each sector
in a single schedule of 128 s. The eight sectored detectors (M’, F’) require two
schedules to accumulate a 32-bin spectrum for each sector. The sectors in Table [V
are denoted by the letters A—D for the four sectored telescopes, and the numbers
1-8 for the eight sectored ones. An entire collection cycle requires 1024 s.

2.1.3. Composition Aperture

The CA telescope is capable of determining ion composition using a AE x E
detection scheme. Although the principal responsibility of EPAM is to monitor
electrons, protons, and alphas, the CA provides an unambiguous determination of
ion composition, unlike the LEMS detectors. The CA60 telescope is comprised of
three solid-state detectors (cf., Figure 3): a thin, 4.8 um epitaxial silicon detector
referred to as the D detector, and two thick (~200 pum) totally depleted surface
barrier silicon detectors known as C and B. The B detector, as mentioned previ-
ously, measures deflected electrons from the LEMS30 head, but also acts as the
anti-coincidence detector for the CA.

The CA system uses log amplifiers to extend the dynamic range of the detector.
These amplifiers are extremely temperature sensitive, and therefore are thermally
regulated with heaters to maintain calibration. The logic used in the CA depends
on slanted discriminators to define each species group. The eight CA rate channels,
denoted by the symbols W1 to W8, count all particles in a given energy nucl™
range. Multiple species may therefore be associated with a single CA rate channel.
As a result, a species group is identified by the dominant species in that group.



TABLE IV

Schedule for the accumulation of the 32 point
spectra produced by the MFSA for each detec-
tor and sector of the LEMS and LEFS systems.
Each schedule (row) requires 128 s to process
and each sector’s spectrum is stored in one of
four 32 byte memory banks (I-1V).

Schedule Detector  Sector in
memory bank
I nm u 1w

0 M A B C D
I F’ a ¢ e g
2 M’ 1 3 5 7
3 F' b d f h
4 M’ 2 4 6 8
5 F' a ¢ e g
6 ' 12 3 4
7 F’ b d f h

Table V lists the detailed information for each group. Defined for each energy
channel W is the count rate logic, the energy passbands of the dominant species
in each species group, the identifier of the group, and the atomic number response.
An example of the multiplicity of species for a given species group is given by the
O-species group. This group is defined by the rate channels denoted W5 and W6
and is dominated by oxygen; however, there is also a significant contribution from
carbon and nitrogen. This group is therefore also identified as the CNO group.
Similarly, the Fe-group is made up of all species with 10 < Z < 28, but here
iron is the dominant species. The energy passbands for the magnetically deflected
electrons from the LEMS30 are also shown in Table V. Note that the lowest energy
channel in detector B has a selectable low threshold level.

Like the MFSA system described above, timing and downlink constraints make
it impossible to process every event from the two detectors D and C using an 8-bit
analog-to-digital converter. Therefore, an adaptive priority scheme was designed
into the instrument to selectively process PHA events. In this scheme, the less
abundant species such as Fe and O are preferentially selected over the dominant
constituents of H and He. The method makes use of the fast but coarse characteriza-
tion of the rate channels W1 to W8. The logarithmic analog signal from the detector
is digitized to 8 bits provided that it falls within the appropriate rate channel.

The adaptive priority scheme, shown in Table VI, determines what species
group (cf., Table V) to analyze, based on the last species group analyzed. This




TABLE V
Composition aperture detector system

Energy  Logic Passband Species Z

channel (MeV nuci—1) group*

Wi CIDIC2D2B 0.521-1.048 H !

w2 C2D1D4ADISTB 1LO48-1.734 H 1

w3 CI(D2+S1C3D3B 0.389-1.278  He 2

w4 C3DISIC4iD3B 1.278-6.984  He 2

w5 C2D3C4D4B 0.546-1.831 o) 6-9

W6 C4D2S2D4S3B 1.831-19.107 © 6-9

w7 C2D4CIB 0.298-0.955  Fe 10-28

w8 C4D3S3B 0.955-92.663  Fe 10-28

{keV)

DEI BlaB2C 38-53 electrons
B1bB2C 48-53 electrons

DE2 B2B3C 53-103 electrons

DE3 B3B4C 103-175 electrons

DE4 B4B5C 175-315 electrons

*These species and passbands correspond to the dominant species in each
group. The reader is referred to Table III. of Lanzerotti et al. (1993) for the
passbands of additional species.

TABLE VI

Adaptive priority scheme used in the CA system.
Note that each species in the table refers to a species
group defined in Table V.

Species group of
previous event
H He O Fe

Priority for Highest Fe H He O
current event O Fe Fe Fe
He O 0] He

Lowest H He H H
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is done for each of the eight sectors of the CA. For example, if in sector 3, the last
species group analyzed was Fe, then the priority for the current event would be
taken from the last column of Table VL. Thus. if an oxygen event were available, it
would get processed, otherwise, the instrument would process Fe, He, or H. in that
order, based on the availability of each. In this way, the instrument should analyze
a larger number of the rare species.

Two PHA events are downlinked for each ~1.5 s sector for an average rate
of about 1.3 events per second. Of these two events, it is the lower priority event
that is used to drive the adaptive priority scheme for the same sector on the next
spacecraft rotation.

3. Calibration

A ground-based calibration was performed on the EPAM instrument prior to launch.
Such a characterization of the instrument is essential in order to understanding the
inflight measurements made by EPAM. Such calibration data include determination
of the electronic thresholds and verification of these thresholds using calibrated
pulsers. The ground-based calibration also included characterization of the in-
strument response to accelerated beams of ions and electrons in order to verify
the energy channel thresholds. EPAM also has the capability to perform inflight
calibrations.

3.1. PREFLIGHT CALIBRATION

The basic instrument functions and electronic thresholds of EPAM have been ex-
ercised and measured both as the flight spare instrument of HI-SCALE, and after
the instrument was reconfigured as EPAM. The LEMS and LEFS telescopes of
the EPAM instrument were characterized using the two particle accelerators at the
NASA Goddard Space Flight Center. These accelerators were able to stimulate a
limited number of EPAM’s energy channels and verify the channel thresholds.

An electrostatic accelerator was used to calibrate the lower energy channel
thresholds of the LEMS and LEFS telescopes using protons and electrons, respec-
tively. These accelerated particle beams ranged in energy from 32 to 114 keV for
protons and 40 to 117 keV for the electrons. The higher energy channels of the
LEMS telescopes were stimulated by protons and helium ions that were accelerated
by a Van de Graaff generator. The proton beam was varied in energy from 0.391 to
1.492 MeV and the helium ions ranged from 1.500 to 1.608 MeV.

3.2. INFLIGHT CALIBRATION

EPAM was designed with inflight calibration capabilities that provide discrete
high-energy helium and electron emissions to verify proper instrument operation.
Calibration sources are mounted inside the covers of the CA and LEMS telescopes.




TABLE VII
EPAM inflight calibration sources

Telescope  Source Strength  Particle X-ray Half-life
(uCi) Energy, Type (keV) (yrs)
CA60 M4m0 5.81 MeV. « 18.11
M8Gd  0.16 3.18 MeV, « 75
LEMSI120 2*'am 10 549MeV.a 595 432.2
LEMS30 #lam 10 549MeV.a 595 432.2
133ga 1.0 45keV, B 31, 80,302,356 105

By commanding heaters to turn on, the bi-metallic springs attached to each cover
of the LEMS and CA telescopes will slowly close, permitting an inflight calibration
to be performed and the instrument’s response measured.

Each LEMS cover contains a 1.0 4Ci "' Am source which emits o particles
at 5.486 MeV which will be observed in the highest LEMS energy channel. The
source also emits ~60 keV X-rays which are observable in the lowest LEMS
energy channel. The LEMS30 telescope cover also contains a 1.0 uCi '33Ba cal-
ibration source. The barium source provides a range of energetic electrons that
enter the LEMS30 telescope and are magnetically deflected into the B detector of
the CA. The CA60 telescope cover contains a dual 1.0 uCi >*Cm and 0.16 uCi
"8Gd calibration source that provides 5.8 MeV and 3.183 MeV alpha particles.
These peaks are observed in the W3 and W4 channels. Table VII summarizes the
radioactive sources for each telescope, the particle type and energy, and selected

-ray emissions.

4. Inflight Performance

The ACE spacecraft was launched from Cape Canaveral on 25 August 1997 and
two days later EPAM was turned on. An initial 75-min inflight calibration test
was performed prior to commanding the pyrotechnic devices to fire, releasing the
covers on the LEMS and CA telescopes, containing the radioactive sources. Since
that time, EPAM has performed well with immediate observations of upstream
magnetospheric events, solar events, and other interplanetary phenomena.

4.1. TONS AND ELECTRONS

An example of the wide range of observations possible with EPAM is shown in
Figure 5. Six selected channels from the instrument are plotted for the twelve-day
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Figure 5. Selected channels from EPAM during a 12 day interval about a month after the instrument
was turned on.

period from 15-27 September 1997. The top curve shows LEMS120 response to
the 47-68 keV ions. The LEMS120 telescope, with its slightly oblique view of
the terrestrial magnetosphere, resolves numerous upstream magnetospheric events,
labeled MS, during this 12 day period. Nearly one hundred upstream, magne-
tospheric events were observed in the first 30 days of the mission. The second
panel shows LEMS120 response to ions in the 0.587-1.060 MeV energy range.
The magnetospheric events shown for this time interval have relatively soft spectra
and do not extend beyond 500 keV, thus a very different profile is seen in the higher
energy ions. The third, fourth, and fifth panels in Figure 5 show the instrument’s
capabilities at measuring and differentiating the composition of the observed ions
at higher energies.

The CA60 telescope samples ions at 60° from the spin axis, and since it does
not point back to the magnetosphere, it observed a very different ion profile than
was observed at 120° from the spin axis. The third panel shows a steep rise on day
261 in the 0.389—1.278 MeV nucl™' helium flux. The intensity of the helium ions
remains enhanced for a number of days before decaying away after day 266. The
fourth and fifth panels show responses to 0.546-1.831 MeV nucl~' CNO group ions
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and 0.298-0.955 MeV nucl™! Fe group ions, respectively. The ion composition
during the first portion of this small solar event is very rich in He and heavy nuclei
with the Fe group ions about as plentiful as the CNO group. The last panel in
Figure 5 shows the magnetically deflected electrons, 38-53 keV, from the LEMS30
telescope. The onset of the triple solar electron event is seen in phase with the onset
of the helium ions, and the smaller enhancement of the 0.587-1.060 MeV channel
of the LEMS 120 ions.

Figure 6 shows about four hours of data during a series of upstream magne-
tospheric events with higher temporal and angular resolution than was shown in
Figure 5. The eight curves are the responses to 47-68 keV ions of the eight angular
sectors in the LEMS120 cone. The event onset began shortly after 11:00 UT, la-
beled A, where the count rates rose to about 100 ¢ s™! in all sectors and remained
at that intensity for about 10 min. The intensities then jumped to about 1000 ¢ s~',
however, the varying profiles from one sector to the next are indicative of the highly
structured nature of some upstream events.

A second event, labeled B, shows a period where count rates in sectors 2, 3, and
4 were very intense, but the opposite looking sectors 7 and 8, showed no significant
enhancement. This event illustrates the effectiveness of the angular resolution of
the EPAM instrument, and the strong anisotropic behavior characteristic of many
upstream events. The third event during this time, labeled C, shows a small but
clear temporal difference in the event onset between sector 2, arriving just after the
event, and sector 6, arriving just before the event. The time difference between the
event onset in these two sectors is about 7 min.

In Figure 7, two anisotropy pie-plots are shown during the events labeled (B)
and (D) in Figure 6. The large anisotropy is clearly seen in Figure 7(a) where the
above background are observed in sectors 7 and 8. Figure 7(b) shows the nearly
isotropic behavior about 1.5 hour later.

A large solar event was observed by EPAM on 6 November 1997 and the in-
strument’s electron, ion, and species composition responses are shown in Figure 8.
The top group of curves shows the 38 to 315 keV magnetically deflected electrons
(cf., Table V), averaged over a spacecraft spin and a 1-hr time interval. The middle
panel shows selected responses to 47 to 1900 keV ions, and the final group shows
the CA responses to 0.521-1.048 MeV nucl™' protons, 0.389-1.278 MeV nucl™!
He, 0.546-1.831 MeV nucl~! CNO group ions, and 0.298-0.955 MeV nucl™! Fe
group ions. The onset of the event is clearly seen from the energetic electrons,
while a strong shock spike is seen in the ion responses later in the day.

Figure 9 shows four selected energy spectra from the MF Spectrum Accumu-
lator which has 32 logarithmically spaced channels. Figure 9(a) shows the first
spectrum which is a 128-s average of ions observed at 120° from the spin axis,
prior to the onset of the first solar event. The second spectrum (b) shows the higher
energy ions, £ > | MeV, arriving at the spacecraft while the lower energy ions
are still at pre-event intensities. The third spectrum (c) shows the enhancement
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Figure 6. High time resolution rate channel data from day 243 (1 September 1997). All eight sectors
of the LEMS120 telescope are shown and depict the high anisotropy of this event.
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Figure 7. Anisotropy plots from EPAM showing very different distributions for two times onday 243
(1 September 1997). In (a) the strong anisotropy is seen in sectors 3 and 4. measured at 12:00 UT
(labeled B in Figure 6), whereas in (b) the nearly isotropic distribution was measured at 13:25 UT
(Iabel D in Figure 6).

extending down to low energies. The fourth spectrum (d) shows the ion responses
right at the shock spike. The energy dependence of the shock accelerated ions is
clearly evident in the EPAM spectrum.

All events in the CA telescope are pulse height analyzed and the two highest
priority events in each sector are telemetered to the ground. Figure 10 is a 12-hr
accumulation of the pulse height matrix plotted by the energy deposited in detectors
Cand D for each event. Individual atomic species form clearly defined tracks which
show the species resolution of EPAM.

The boundaries labeled WI1-W8 show the mapping of the CA species-group
rate channels into pulse-height space using the logic equations given in Table V.
Within these limits, all particles are counted, independent of the adaptive priority
scheme, and these rates are used to normalize the tracks shown in the PHA matrix.

5. Summary

The EPAM instrument provides comprehensive energy, angular, and species cov-
erage with good resolution over a key parameter space in studies of energetic
particles in the near Earth interplanetary medium. As such, it serves to highlight the
context in which the detailed compositional, isotopic. and charge-state measure-
ments of the principal ACE instruments can be properly assessed and interpreted.
Further, several key channels are used to provide real-time information on space
weather status (see Zwickl et al., 1998) that is utilized by NOAA and broadcast
worldwide to all users. Finally, EPAM serves as an excellent baseline at 1 AU
for studies of radial and latitudinal gradients in conjunction with an instrument of




559

EPAM electron, ion, and species observations
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Figure 8. Rate channel data from the EPAM magnetically deflected electrons, LEMS120 ions, and
species groups from the CA showing the time progression of the particles resulting from a large solar
energetic particle event in November 1997.

identical design on the Ulysses spacecraft. The quality of the initial data shown in
this paper is such that there is every expectation for a long-term, continuous data
stream documenting the onset of the new solar cycle.
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EPAM LEMS 120 MFSA ions
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Figure 9. The 32 channel MFSA energy spectrum from the M detector (LEMS30 telescope) for four
times following a large solar flare event in November 1997. In panel (d) note the large increase in the
low-energy particles.
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