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A Cosmic Ray Isotope Spectrometer

W. E. ALTHOUSE, A. C. CUMMINGS, T. L. GARRARD, R. A. MEWALDT, E. C. STONE, ann R. E. VOGT

Abstract—We describe a new instrument to be flown on ISEE-C which
is optimized to measure the isotopic composition of solar and galactic
cosmic rays with ~5 to ~250 MeV/nucleon. A mass resolution of <0.3
AMU should be achieved for all elements with charge Z < 30.

I. INTRODUCTION

HE Heavy Isotope Spectrometer Telescope (HIST) is

designed to measure the isotopic composition and energy
spectra of solar, galactic, and interplanetary cosmic ray nuclei
for the elements Li through Ni in the energy range from ~S to
~250 MeV/nucleon. The results of these measurements are
important to studies of the isotopic constitution of solar
matter and galactic cosmic ray sources, the study of nucleo-
synthesis processes, studies of particle acceleration, and studies
of the life history of cosmic rays in the galaxy.

The HIST instrument consists of a telescope of solid-state
detectors and associated signal processing electronics. Resolu-
tion of cosmic ray isotopes in HIST is accomplished by a
refinement of the standard technique of measuring the particle
energy loss AE in a detector of thickness L, and its residual
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by NASA Contract NAS5-20721 and Grant NGR 05-002-160.

The authors are with California Institute of Technology, Pasadena.
CA 91125.

energy loss £’ in a following detector. For example, a particle
of mass M, charge Z, and kinetic energy £ has a range approxi-
mated by

r=x 5 (1)

72 \M (h

Combining this with a similar equation for the range R-L
of the particle after traversing a pathlength L, we find

E'a)J 1/(a-1)

LZ?
Isotope resolution, then, depends on precise measurement of
the energy losses AE and E', the pathlength 7 (derived from
L, and the angle of incidence), and an accurate range-energy
relation. The HIST detector system and electronics have been
designed to optimize mass resolution within power and weight
limitations.

II. INSTRUMENT DESCRIPTION

A schematic of the HIST telescope is shown in Fig. 1 and
summarized in Table I. A unique feature of HIST is the
position-sensitive detectors, M1 and M2. which allow the
determination of the trajectory of the particle. MI and M2
are 50-um-thick surface barrier devices with a matrix of strips
forming an x-y hodoscope in place ot the conventional con-

0018-9413/78/0700-0204$00.75 © 1978 IEEE
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Fig. 1. Schematic of the HIST telescope.

Fig. 2. Photo of a matrix detector.

TABLE 1
HIST TEeLESCOPE CHARACTERISTICS
Tock = H0ER Prash TR S FutT S61 A2 pulse Heights
Det (um) (mm®) (Mev) (MeV) (GeV) (cm“sr) Telemetered
Ml 50 505 0.30 0.46  0.49 - -
M2 50 505 0.30 0.46  0.49 .52 M1,M2
D1 90 600 0.1 0.54  0.92 0.8 M1,M2,D1
D2 150 800 F 0.7 Ti2 0.82 M1,M2,D1,D2
D3 500 800 < 1.46 2.5 0.78 M1,M2,01,D2,03
D4 1700 920 = .76 2 iy 0.74 M1,D1,D2,D3,D4
D5 3000 920 = 3.64 6.2 0.72 M1,D2,03,D4,D5
D6 3000 920 = 3.64 6.2 0.65 M1,D3,D4,D5,06
D7 6000 920 = 5.41 9.2 0.58 M1,D4,D5,D6 ,07
D8 6000 920 & 5.41 9.2 0.50 M1,D5,D6,D7,D8
D9 3000 920 019 & s 0.43 M1,05,06,07,D8

tinuous evaporated metallic contacts (Fig. 2). There are 24
parallel “x” strips on the Al side, and, orthogonal to these,
24 “y” strips on the Au side. The strips are spaced at 1-mm
intervals. Each strip of M1 or M2 is connected to a charge-
sensitive preamplifier, shaping amplifier, and threshold dis-
criminator. In addition, signals from the Al strips are summed
and digitized by a single 4095-channel ADC in a manner which
prevents summing noise from strips which have no signal.
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TABLE II
HIST EvVeNT TYPES

Coincidence Requirement Description
MIX - M1Y - M2X - M2Y - Z3 - D9 - G2 Stopping, Z = 3
MIX-- MI1Y - M2X - M2Y - Z3 - D9 - G1 Stopping, Z < 3

MIX - M1Y - M2X - M2Y - D9 - GZ Penetrating, Z = 2

MIX = Togical OR of all MIX strip discriminators

Z3 = 1 for stopping particles with Z = 3
= 0 otherwise (computed from ADC pulse heights)

Detectors D1, D2, and D3 are conventional surface-barrier
detectors, while D4 to D9 are double-grooved Li-drifted detec-
tors [1] with a central area for measuring energy loss and an
annular guard (G) used as an anticoincidence shield. Detectors
D1, D2, D3, and the centers of D4 through D8 are each direct
coupled to separate charge-sensitive preamplifiers, shaping
amplifiers, and 4095-channel ADC’s. The center of D9 and
the guard regions of D4 through D9 are each connected to
preamplifiers, shaping amplifiers, and discriminators. Each
guard signal channel has two discriminators; G1 is sensitive to
minimum ionizing particles while G2 will trigger only on
nuclei with more than 5-MeV energy loss.

For particles which stop in detectors M2 through D8 (range
0 through 8), the residual energy E’ is measured in the stop-
ping detector and the energy loss AE is measured in up to four
preceding detectors (see Table I). Highest priority is given to
particles with Z > 3; a rotating priority system assures that
each range is equally represented in telemetry. For particles
which penetrate D9, the energy loss AFE is measured in D5
through D8; these particles and stopping particles with Z < 3
are given lower telemetry priority. The requirements for these
event types are summarized in Table II.

Because the telemetry rate is insufficient to transmit every
event, rate accumulators are used to count events during
64-s intervals. Instrument live time and stopping Z > 3 events
are counted separately in eight directional sectors of space-
craft rotation. Other physical and engineering parameters are
also accumulated. These data are used to normalize particle
fluxes and monitor instrument health.

Several key features contribute to the performance required
to realize the goals of HIST. Except for primary shaping time
constants, all circuitry is direct coupled to prevent distortion
due to baseline shifts under varying count-rate conditions.
A normally open linear gate configuration eliminates delay
lines, which often dominate ADC stability and linearity. The
linear gate itself operates on a current signal, eliminating offset
and transient uncertainties. At the detector input, the ADC
has a dynamic range (full scale: ADC threshold) of 1700:1,
gain uncertainty due to temperature of +20 ppm/°C, offset
uncertainty of +0.003 channel/°C, and nonlinearity less than
+1 channel (+0.025 percent of full scale) over the top 99.9
percent of dynamic range. Independent, parallel analog signal
processing ensures that this performance is attained for each
detector and provides system redundancy as well.

HIST contains 109 preamplifiers, 122 shaping amplifiers,
106 discriminators, 10 4095-channel ADC’s, 475 integrated
circuits, and associated electronics. The completed HIST
instrument weighs 6.5 kg and uses 7 W in a single 12 600-cm?
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Fig. 3. Photo of the “x” side of the M1 signal processor, folded open. To the left is the “y” side of the M2 signal proces-
sor. Six high-precision charge-sensitive preamplifiers are contained in each of the four 2.5 cm X 4.3 cm packages near the

center.

The remaining hybrids have similar density; for example, the 5 cm X 5 cm ADC hybrid contains 39 discrete

transistors, 36 diodes, 48 capacitors, 71 resistors, and 10 integrated circuits.

package. Packaging HIST within the size and mass constraints
was accomplished by using custom, thin-film, chip-and-wire
hybrid circuitry on planar multilayer printed circuit boards.
Fig. 3 demonstrates the high density obtained.

ITII. MASs RESOLUTION, CALIBRATION, AND EXPECTED
REsPONSE oF HIST

The design of HIST reflects the evaluation and optimiza-
tion of all parameters affecting the mass resolution g,,.
Statistical uncertainties, principally fluctuations in the AE
measurement, have been minimized by making up to four
separate measurements of AE. Detectors of graduated thick-
nesses are used to make this contribution essentially constant
over a wide dynamic range in incident particle energy. Sys-
tematic effects, mainly uncertainties in knowledge of the path-
length L of the AE measurement, have been reduced to the
point where the statistical effects dominate. The angular
information provided by the matrix detectors reduces the rms
uncertainty in L by a factor of ~20, compared to a similar
telescope with no position sensing. The trajectory informa-
tion is also essential in correcting for thickness and charge
collection nonuniformities in the AE detectors. We have
mapped the response of individual detectors to ~0.1 per-
cent using beams of relativistic *° Ar and low-energy protons;
one such map is shown in Fig. 4. Electronic contributions to

RESPONSE CONTOURS -HIST 3mm DETECTOR
(Measured with 900 MeV/nuc 4CAr)

Fig. 4. Detector response contours.

0,, are negligible. Detailed evaluation shows that HIST
should achieve an rms resolution of o0, < 0.3 AMU for all
nuclei with Z < 30.
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TABLE 111
ExXPECTED EVENT RATES FOR HIST

Energy Galactic Solar
Interval Particles Particles
Element (MeV/nuc) (Events/year)* (Events/flare)**
He 2.3- 67 ~ 6300 ~ 2 x 10*
0 4.7 - 147 v 660 ~ 3 x 10°
Ne 5.1 - 168 ~ 160 ~ 4500
Ca 6.4 - 252 ~voo45 ~ 175
Fe 6.2 - 282 ~ 185 ~ 3900

* Normalized to 1967-68 fluxes (2)
** Based on 7/3/74 flare (3)

Because present knowledge of range-energy relations for
heavy ions is inadequate, HIST has been exposed to beams of
40Ar and S®Fe at the Bevalac in order to calibrate directly

207

the individual isotope “tracks.” Fig. 5 shows an example of
such tracks in a AF versus E’ plot of raw data from D3 and D4
for isotopes of ~50 MeV/nucleon Al through Ar nuclei. In
Fig. 6, events from the Cl isotope tracks in Fig. 5 have been
converted to a mass histogram, using a technique based on (2)
to compute a mass for each event. At least 5 isotopes (35Cl to
39Cl) are clearly visible. The observed resolution of g, ~
0.22 amu will be further improved when the AFE outputs from
D1 and D2 are included in the mass determination.

The energy range covered by HIST for a number of elements
is shown in Table III, along with estimates of expected event
rates for solar and galactic cosmic ray nuclei. In addition,
HIST will be sensitive to low-energy interplanetary particles,
including the low-energy (< 30-MeV/nucleon) anomalous
component consisting of He, N, O, Ne, and possibly Ar.
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