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INTRODUCTION

This report describes the design of the GOES B & C Energetic
Particle Sensor (EPS) and the calibration of the GOES B & C EPS; Compared with
the EPS employed on SMS B and C Spacecraft, the functional performance of the
GOES EPS is superior to the SMS EPS in three ways:

1. The energy coverage in the spectral analysis of the
protons and the alphas is extended to both higher and
lower energies, spanning the range from 0.80 to 500

Mev for protons.

2. The energy resolution in the spectral analysis is

sharpened in the entire energy range.

3. Superior reliability provided by 3 Li drifted Silicon
detectors in place of the cubical detectors employed
on SMS. '

These functional improvements are obtained by mechanical and elec=
tronic design changes to the SMS EPS Telescope (sensitive to lower energy
particles), and by replacement of the SMS EPS Dome Assembly by a refined

configuration of solid state detectors.

DESIGN SUMMARY

General

Spectral analysis of protons and alpha particles is accomplished
using two independent particle sensors. A narrow aperture telescope responds
to low energy particles; protons of energy 0.800 to 15,0 MeV and alpha particles
of energy 3.2 to 60 MeV. A wide angle (Omni) spectrometer responds to high
energy particles; protons of energy 17.0 to 500 MeV and alpha particles of energy

70.0 to 412 MeV. In addition, the spectrometer provides a measurement of the

}




ambient electrons which produce background in the SEM X-ray sensor. Analog
signals from the sensors are amplified by low noise charge sensitive preamplifiers
and passed to the Signal Analyzer where pulse height analysis according to particle
species is performed. Digital information from the Signal Analyzer is passed,

in turn, to the Da.té. Processing Unit which accumulates and compresses particle

count and formats data for transmission to Spacecraft Telemetry.

Significant modifications in design and implementation of the GOES
EPS collection over that flown in SMS have improved performance without incurring

significant growth in weight and power consumption.
Among the modifications incorporated in the GOES EPS are:

1. Low Energy Telescope

A cross section of the GOES low energy telescope is
shown in Figure 1. All of the piece parts of the
telescope subassembly which serve to define the
collimator have been modified to prevent energetic
particles from penetrating D1.and missing D2 thereby
decreasing contamination of the low energy particle
spectra by out of geometry penetrating particles.
Pertinent parameters of the Telescope are given in
Table I.

2. High Energy Spectrometer

This unit has been completely redesigned to incorporate
more reliable Kevex Si(Li) solid state detectors which
exhibit significantly less degradation in detector resol-
uiton attributed to secondary peaking as observed with
the cubical detectors of SMS.

Following the same definitions as SMS, the GOES High
Energy Spectrometer has a larger Geometric Factor for

all three channels. The apertures for D3 and D4 have
been increased while that of D5 has been slightly decreased,
the net effect being to symmetrize the Aperture and Geo~
metric Factors of the GOES Spectrometer. The GOES
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Flight B Flight C
Parameter Assembly Assembly
D1 Serial # 415D 601A
Thickness (min) 55,01 56,1K
Area (nominal) 100 mm2 100 rnm2
1LS1 threshold 0.146 Mev . 147
LSs2 " 0.496 Mev .505
- LS3 " 3.31 Mev 3.44
D2 Serial # 417B 0157
Thickness (min) 510 5101
Area (nominal) 100 mm2 100 rnmz
1.S4 threshold 2.81 Mev 3.30
LS5 " 10.95 Mev 12.80 Mev
Kevex (Monitor)
Thickness 3 mm (Varied)
Area (nominal) 50 mm2 (As Required)|
Data Channel Pl P3 al a2 @3
T "Logic 237 345 {1245 |37 |34 |27
]
)
TABLE I.

TELESCOPE CONFIGURATIONS AND MONITOR DATA

FOR CALIBRATION RUNS




Dome Assembly is shown in Figure 2. Pertinent
parameters of the Dome Assembly are shown in Table
II.

Detector Electronics,

The Charge Sensitive preamplifier used throughout

the GOES EPS incorporates a very low noise FET in
the input f?i@‘i; as recommended by NOAA, which
significantly improves the resolution of all signal
channels and permits low lying level sensor threshclds
to be reduced, improving the low energy sensitivity of
the instruments, without degrading the signal to noise
ratio. . Differentiation of 0.40 lisec is incorporated in
the GOES preamplifiers to improve the high count rate
capability of each insgrument. Improved filtering of
the Detector Bias supply lines, further reducing noise,
is also incorporated in the GOES preamplifiers.

Signal Analyzer.

The GOES signal analyzer remains essentially unchanged
with regard to that used in SMS. A modification, which
replaced the open collector output monostable multivibrator
used in SMS with the totem pole output S41.121 has been

effected in GOES with a concomittant improvement fmwthe

timing due to the faster low to high transition of the mam o~
stable output. A block diagram of the GOES Signal Analyzer

indicating with Level Sensor settings is given in Figure 3.

Data Processing Unit.

The Data Processing Unit remains virtually identical to
that flown on SMS. A modification increasing the maxi-
mum IFC ramp amplitude attainable was required in order
to stimulate the high lying level sensors in the GOES instru-

ment.
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Assembly’
Moderator Parameter Flight B Flight C
Al D3 Serial # 207§> —_ 2078 e
Area x Thickness |50 @am” x3mm § 9_13_1;_;;2\_{351&_
LS6 threshold 1.04 Mev 1. 05 Mev.
LS?7 " 1.89 Mev 2. 34 Mev
Lsg - " 49.0 Mev 48.0 Mev
Cu D4 Serial # 2081 . 2084 o
Area x Thickness | 50, mmi‘_;?:‘i__?nm 5.0mg12;3m
LS9 threshold . 2.30_Mev__|2.32 Mev :
LS10 threshold 48.8 Mev [47.4 Mev
Tungsten D5  Serial # 2082 .- 2083
(Malloy) Area x Thickness 150‘1'13—1}12?;_ 3mm @mzzz“}’m
. LS11 threshold | 1.57 Mev 1.64 Mev
1LS12 " 2.28 Mev 2.12 Mev
LS13 " 48.2 Mev 44,0 Mev
Monitor Kevex Thickness ’ 3 mm
Area (nominal) jso_mmz
Detector D3 D4 D5
Data Channel | E1 | P4 | o4 | P5 | @5 Pé6 P7 «b

LS Logic.

10 1213 | 11

N

13

TABLE II.

DOME CONFIGURATIONS FOR
CALIBRATION RUNS
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6. Cabling.

The cables between the sensors and signal analyzer have
been lengthened to greater facilitate mounting to the
equipment platform with a greater margin of strain

relief,

7. Thermal. .
A detailed examination and identification of the parameters
used in the SMS thermal analysis uncovered two sources
of error which account for the difference between predicted
and observed orbital temperatures. An improved thermal
design and analysis was applied to the GOES Dome Assembly
which incorporates improvements, suggested by NASA, in

thermal coatings applied to the sensor.

CALIBRATION

- - Calibration of the Telescopes for GOES B & C were performed at
Stirford 'Uni.versity employing the FN Van de Graaf Accelerator. The B flight
telescope calibration was performed in September 1975 and the C flight telescope
in April 1976, The Omnidirectional Spectrometers for GOES B & C were cali~
brated at Harvard University employing the cy'.clotron, in October 1975,

EXPERIMENTAL SETUP FOR GOES-B TELESCOPE

The orientation of instruments in the Stanford's scattering chamber
is shown in Figure 4. The beam from the Van de Graaf enters the scattering cham-
ber through collimators which define ~1/8" diameter beam spot at the center of the
scattering foil. A small fraction of the beam current is Couloub scattered in the
foil to provide equal beam energies and intensities at the EPS Telescope and the
monitor detector, while the unscattered beam is collected in & Faraday cup to

provide a measure of beam current.
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During each run, the beam current was adjusted to provide a
counting rate in the monitor detector of 100-400 cts/sec for pulse heights above
background. The penod of each run was determined by the time necessary to
accumulate 10, 000 monitor counts (+ 1% sta.t15t1cs) and the primary data consisted
of the number of counts/10, 000 monitor counts .in data channels P1, P2, P3 and
¢l, @2, a3, for various beam energies. The number of particles incident on
D1 during each run can be estimated from the chosen number of monitor counts,
the geometry of the system, and the monitor detector sensitive area. An inaccuracy
of + 1/4% in establishing the desired beam line directions translates into + 10% '
accuracy in the assignment of a value to this incident flux. An additional source
of inaccuracy in this flux assignment is associated with the uncertainity in the

effcctive areas of the detectors. _For the Flight B run, ].04 monitor counts cor-

respond to a nominal 10 ; "+ 5% ~:Eor protons and alphas 1nc1dentr‘on D1,

_Detection of _ _particles not L _originating in the Scattéring foil was

r.uinimized by shadomng the detectors from particles scattered from the material
ni the entrance and exit ports of the scattering chamber (not shown in Figure 4
“or clarity).

-

Minimizing scattered background is of considerable importance
. 7iew of the technique employed. The foil provides scattered beams of manageable
intensity to both telescope and monitor. In the Stanford Scattering Chamber we
crpect the number of particles scattered of the foil to be comparable to the number

of particles scattered from the collimator.

EXPERIMENTAL RESULTS FOR GOES B TELESCOPE

The re sults of the calibration run for alpha particles incident upon

the GOES B Telescope are shown in Flgures 5 -and 7.._. The. _ef£1c1enc:y of the _
tclcscop_e _J.sl;ve;ll.__d_e_f_med., Background effects for Ea < 20 MeV are minimal.

As a figure of merit, the resolution of the system, sensor resolution and beam

vesolution, assumed Gaussian as determined from the band edges are found to be:
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@y (turn-on) ~ 85 keV FWHM
@, (turn-off)}

@y (turn=-on)

@, (turn-off)z
g (turn-on)

~ 135 keV FWHM

1.3 MeV FWHM

It is noted that the intersection of LS3 and LS5 is below the
alpha trajectory in a plot of D1 vs. D2 pulse height and there is no appreciable
increase in the P2 counting rate due to alpha particles depositing sufficient energy
to trigger LS4 and not LLS3, as evidenced in the SMS instrument. The threshold

of 1 as determined from the data is consistent with LS3 nominal and the energy

lost in the 2u Nickel window in the telescope. Refer to Figure 12 for the trajectory plot.

The results of the calibration run for _l;rotons incident upon the

' GOES B Telescope is shown in Figures 6 and 8. The efficiency of the telescope

again is reasonably well defined for P1 and P2. Background becomes more severe

in the proton runs with increasing proton energy and render the efficiency semi-

quantjtative for Ep > 12 MeV. Spectra observed in the Monitor exhibit the primary

proton peak and, at low energy, what appears to be a continuum. In addition,
secondary proton peaks identified as due to inelastic scattering Clz (P, PY) C]'2
in which the 2+ (first excited state) is stimulated and from Hl P, p)Hl elastic
scattering are observed and indicate traces of oil in the vacuum system. A high
energy source beam spreading and eventually a secondary peak arising from C12
(ps p)C]'2 elastic scattering is expected. For the proton run, the monitor thres-
hold was adjusted to energy corresponding to the trough between the primary pro-
ton peak and the secondary background. The monitor threshold was increased
with increasing proton energy to track the Primary proton peak. For energies
above ~12 MeV the monitor threshold actually exceeded in energy the threshold
of P3 and the gradually rising efficiency of P3 with increasing energy is caused
by protons of energy exceeding the P3 threshold but falling below the monitor
threshold. Were the monitor threshold set below the P3 threshold, then the

efficiency of P3 would be expected to gradually decrease with increasing proton
energy.
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System resolution, including beam spread, as determined from
the data is:
Pl (turn-off)

P, (tum_on)} ~ 95 keV FWHM

PE (turn-off)

P (rurn-on) } ~ 1.5 MeV FWHM

The diminished resolution in the Pz(off) ~P3 (on) thresholds is
expected, The P§ threshold is determined primarily by the intersection of LS2
with the proton trajectory in a plot of Dbor D2 pulse height. This intersection
occurs near the cusp of the trajectory where the D1 pulse height distribution is
a slowly varying function of the incident proton energy. "Landau" fluctuations
in energy deposited in D1 could produce the observed ~1.5 MeV FWHM instru-

ment resolution.

The "raw" data from the proton calibration run is shown in Figure
6. No corrections have been applied. In an attempt to consisteﬁtljr remove -
background from the proton data, proton spectra in the Monitor were accumu-
lated at proton beam energies of 9.8 MeV, 12.5 MeV and 15 MeV. The low
energy point, 9.8 MeV, has no impact on the efficiency of P3 as expected. At
higher energy 12.5 and 15 MeV the corrected data diminished the slope of the P3

increase, _*_’f_ﬁejlgiﬁe_ V data point remains ~13% higher than expected.

Similarly, the Pl counting rate, due to low energy background,
at incident proton energy Ep = 15 MeV was compared with the Monitor spectrum
over the Pl energy band. In this instance, the monitor specfrum appeared exces-
sively rich in low energy background and one would expect more counts in Pl,
based on the Monitor spectrum, than were actually observed. It is noted that the
single monitor detector has no capability fo discriminate between particle species
which may be important at low energy, nor is it obvious that the monitor detector
and the telescope would necessarily see identical background spectra. In this
instance, the calibration setup is sufficient to determine the overall behavior of
the system. However, there are discrepancies between Monitor Spectra and that
whixch is incidez’ﬁ: upon the telescope which preclude accurate spectrum stripping or

the application of standard self consistent background subtraction techniques.
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EXPERIMENTAL SETUP FOR GOES-C TELESCOPE

The orientation of the instruments in Stanford's scattering
chamber is shown in Figure 4, In view of the apparent discrepancies between
spectra observed in Monitor and Telescope in the previous calibration run
(GOES=-B) additional precautions were taken. Firstly, the collimator aperture
on the Monitor detector was reduced by roughly a factor of four to better define
the angular acceptance and reduce edge effects. Secondly, in addition to
WDL's laboratory equipment, Stanford's computerized data acquisition system
was employed to record single parameter spectra for D1, D2 and the Monitor.
These precautions were taken in anticipation that background effects might be

severe and require investigation and remedial action in near real time.

The results of the calibration run for alpha particles incident
upon the' GOES C Telescope are shown in Figures 9 and 11. As in the previous
calibration background effects are minimal and the response of the Telescope is
well defined. As a figure of merit, the resolution of the instrument including

both beam spread and sensor resolution, as determined from the data, are

‘ found to be:

@, (turn=on) ~ 70 keV
@4 (turn-off)}

~ 190 keV
@, (turn-on)
@, (turn-off) ~ 1.4 MeV
o 3 (turn-on)

Again, as found in the calibration of GOES B the LS 53, 5 1ntersect10n Ile.s below the

alpha tra traJectory ina plot of of D1'vs. D2 pu.l_sﬁzmght and there is no apprec1able ‘increase

" inthe . P2 counting rate - due to alpha a particles deposu:mg sufflm.ent energy to trigger

LS4 and not L.S3, The thre sholds of the data channels are W1th1n nommals_‘“

The results of the calibration run for protons incident upon the
GOES C Telescope is shown in Figure 10. The data have been scaled, taken
into account the reduced Monitor aperture, to standardize the presentation.
It is apparent that the anomalous rise in P3 efficiency at high energy observed
with GOES B is in this case absent. It is also apparent that the background is

significantly smaller for the C flight calibration. Comparing the relative
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counting rates of the P2 channels at high energy we find that at 15 MeV, for

example, the P2 counting rate, caused by low energy background, for C flight
calibration is less than 1/2 of that observed in B flight calibration. The "peaks"

in efficiency of P1 and P2 at higher energy are spurious and corresponds to

increases in the Monitor detector threshold. The rather large peak in Pl at 9 Mev i§

coincidental with a significant ixr;provement (factor of 5) in beam alignment as

determined from the diminution in the ratio of current striking the Van de Graaf

collimator slits to that in the Faraday Cup beam monitor. It must be mentioned,
however, that variation in the ratio collimator/target current is not always
rccompanied by quantitative improvements in'signal to background., The data

-~ecorded in D1, D2 and the monitor are shown in Appendix I, These data

zhibit principle peaks due to scattering from a hydrocarbon contaminent.

i.xperimental values for energy deposited in D1 and D2 versus beam energy

rave been added to the theoretical trajectory plot as shown in Figure 12,

For comparison, the figures of merit for threshold behaviors

z tze Flight C telescope for protons are:

£l .
- Pl (turn-off)

PZ (turn-on) 70 keV

P2 (turn<off)

P, (turn-on) 2.3 MeV

As a test of the sensitivity of P3 to monitor threshold, two data
‘¢i7its, shown in Figure 10, were obtained corresponding to monitor thresholds
27,0 and 10.0 MeV. As expected, the P3 counting rate increased with increasing
" itor threshold. The amount of increase was < 4% to be compared with 13%
““~ined in the B Flight calibration.

The response of the proton channels to alpha particles is shown
i« ¥igure 11. With regard to the response of alpha particle channels to protons,
+ data indicates less contamination of alpha channels in the C Flight Telescope,
-2in the already negligible contamination shown in Figure 8 for the B Flight
'.'c}:lescope and is not plotted.
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