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1.0 INTRODUCTION

The EPS Dome Sensor for the GOES I-M spacecraft has been
modified to incorporate three (3) electron channels in place qf
one on the earlier GOES spacecraft. The new design has approxi-
mate electron energy thresholds of 0.6, 2.0, and 4.0 MeV, with the
channels designated E1, E2, and E3. The geometric factor for El
and E2 (the single E1 of the earlier design) is also reduced to
about 5/6 of that for the earlier design to 1lessen detector
radiation damage.

The GOES D-H El1 (2.0 MeV threshold, = new E2) electron
channel was calibrated with proton beams and beta sources, as
reported in Ref. 1. The modified design for E1, E2, and E3 has
been given a more extensive calibration with electron beams from
the RADC Linear Accelerator, and with beta sources at Panametrics’
facility. The Electron Calibration Plan is described in Ref. 2,
and the calibration results are presented in this Calibration
Report.

Section 2 contains a summary description of the Dome electron
channels, with a short theoretical analysis of the expectgd
responses. The electron calibration data taken at the Rome Ailr
Development Center (RADC) Electron Linear Accelerator at Hanscom
AFB, Massachusetts are described in Section 3, as are the beta
source data taken at Panametrics’ facility in Waltham, Massachu-
setts. The data analysis and results are presented in Section 4,
and includes a comparison with the earlier calibration data and
corrections to the D3 dome channel geometric factors because of
the reduced FOV.

The new E2 geometric factor is 0.043 cm?-sr for 2-3 MeV
electrons, and is slightly larger than the 0.034 cm?-sr for the
old E1 -in Ref. 1. The electron channel calibration in Ref. 1 used
a beta source measurement to determine a 10% detection efficiency
for electrons above 2 MeV, and applied this to the measured proton
geometric factor of 0.34 cm?-sr to obtain the total electron
geometric factor. Correcting for the reduced FOV, the new
electron calibration converts to 0.055 cm?-sr for the old E1 (> 2
MeV) electron channel, which is about 60% larger than in Ref. 1.
This 1is due to electron scattering increasing the off-normal-
incidence detection area, and is discussed more fully in Section
4.5,

The summary and conclusions are contained in Section 5.

2. EPS DOME ELECTRON CHANNEL DESIGN

The EPS Dome Sensor for the GOES I-M spacecraft views the
ambient particle fluxes through a multilayer insulation blanket.
This blanket has an average thickness of 0.0264 g/cm2 which 1is
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primarily Kapton, Mylar, and Dacron (Ref. 3). Using the stopping
pcwer ratios of Al (Ref. 4) to Nylon and Mylar (Ref. 5) for 5-50
MeV protons, the thermal blanket is equivalent to about 1.30 times

as much Al, or to 0.0343 g/cm2 Al. For electrons in the range
0.2-2 MeV the stopping power ratio for lucite and Al in Ref. 6
average to 1.22, so this increased' Al thickness 1is also

appropriate for electrons.

The Dome detector cross section is shown in Fig. 2.1. The D3
moderator in the modified design 1is reduced to allow for the
‘"effects of the thermal blanket. As shown, the D3 FOV is also
decreased slightly to reduce radiation damage effects on the solid
state detectors, since the D3 detectors have the least amount of
shielding for a large exposure solid angle. Except for these
changes, the Dome design is identical to that of Ref. 1. The
additional .electron channels are added through changes in the
electronics design, as discussed in the following sections.

2.1 D3 Dome and E1, E2 Electron Channels

The D3 dome has the new El1 channel with a threshold < 0.6
MeV, and the new E2 (old E1l) channel with a threshold of 2.0 MeV.
The particle energy loss curves for the D3 detectors (two 25 mm?2
area, 1500 micron thick surface barrier detectors) aré shown in
Fig. 2.2. The E1 channel has a threshold level logic of 6°7, and
a nominal electron energy threshold of 0.5 MeV based on range-
energy calculations. The E2 channel has a threshold 1logic of
678, and has a nominal 2 MeV electron threshold.

The energy dependent geometric factor can be written
approximately as

G(E) - 467 T(E) e(E') Ag (1-cos? §3) | (2.1)

where 6% ~ 31.9° is the half angle to the front detector center in
the +#25% direction of Fig. 2.1, ¢y - 51.4° is the same for the
+45° direction, e(E') is the electron detection efficiency of the
solid state detectors with the approximate threshold and particle
energy E incident on the detector, Ag - 0.25 cm? is the detector
area, and

T(E) - 1.5 (1 - Eg/E), Eg < E < 3 Eg
=1 , E> 3 Eg : (2.2)
=0 ,E<Es
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Fig. 2.1. Modified Dome Detector Cross Section.
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is the approximate shield transmission fraction for electrons of
incident energy E, with the shield thickness range energy being

ES-

The transmission function (2.2) 1is based on the measured
detection efficiency rise of a detector under different
thicknesses of Al hemispheres reported in Ref. 7, and is
reasonably consistent with the electron transmission fractions
shown in Ref. 8 (Fig. 1.2, p. 612) when the electron ranges of
Ref. 6 are used. Note that the ranges in Ref. 6 are the average
total pathlength for electrons, and are approximately equal to the
linear material thickness that will just stop all (most) electrons
from penetrating. The transmission factor (2.2) arises from the
large amount of scattering which electrons undergo when losing
energy in matter.

The characteristics of the E1 and E2 channels are summarized
in Table 2.1, which includes theoretical G(E) calculations from
(2.1). For E1 the e(E) values near threshold are estimates based
on the approximate width of the residual energy distribution of
the electrons after penetrating the (total) moderator thickness.
The E2 value of e(E) = 0.1 for E > 2 MeV is based on the measured
detection efficiency of Ref. 1. The calculation is approximate
since it neglects the precise form of the shape at the extreme
angles, using a sharp cut-off when approximately half the front
detector area is covered, and it takes only approximate account of
electron scattering affects. The actual calibrated geometric
factors are given in Section 4.4.

2.2 D4 Dome and E3 Electron Channel

The D4 dome has the new E3 electron channel with a threshold
> 4.0 MeV. The particle energy loss curves are shown in Fig. 2.3,
along with the threshold levels. The E3 threshold logic is 10-°11,
and the approximate geometric factor can be calculated from (2.1)
with 85 - 62.2°. The D4 moderator has an electron range energy Eg
= 2.55 MeV, and this 1is used in (2.2) to calculate the trans-
mission fraction for higher energy electrons (below 3 Eg = 7.65
MeV) . The detection efficiency e(Eg) should be slightly higher
than 0.1 for electrons above about 5 MeV. For electrons near 4
MeV the detection efficiency 1is calculated from the moderator
transmitted electron energy spectrum, assuming a normal (Gaussian)
distribution with a standard deviation of 0.25 times the energy
loss in the moderator (sg = 0.25 x 2.47 = 0.62 MeV). The fraction
of electrons with energy above 1.53 MeV (the threshold) is
multiplied by an assumed detection efficiency of 0.1 (high energy
lower limit) to get the total e(Eg).

The characteristics of the E3 electron channel, including the
approximate calculated G(Eg), are given in Table 2.2. The
calculated geometric factor starts at about 3.5 MeV (10% of

5
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Table 2.1
Characteristics of the D3 Dome E1 and E2 Electron Channels
D3 Dome moderator = 0.123 g/cm2 Al
With thermal blanket, total = 0.158 g/cm2 Al equivalent

Threshold levels: 6 = 0.25 MeV
7 = 1.77 MeV

8 = 10.5 MeV
Electron channel logic: El1 = 6°7

E2 = 6°7°8

Approximate geometric factors from eq. (2.1):

El , E2

E (MeV)  e(E) T(E,) ¢ (cm?-sr) e (Eg > 2 MeV) - 0.1

_e (MeV) Qigmfzézl

0.39 0.00 0.00 0.00 > 2 0.034
0.45 0.25 0.20 0.02
0.50 0.50 0.33 0.06
0.60 0.75 0.53 0.14
0.80 1.00 0.77 0.26
1.00 1.00 0.92 0.31
1.17 1.00 1.00 0.34
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Table 2.2
Characteristics of the D4 Dome E3 Electron Channel
D4 Dome moderator = 1.57 g/cm2 Al (neglect thermal blanket effects)

1.53 MeVv

Threshold levels: 10

11 5.6 MeV
Electron channel logic: E3 = 10-11

Approximate geometric factors from eq. (2.1) as modified for E3:

E, (MeV) e(E,) | T(E,) G omP—sr
3.5 ~ 0.020 0.20 0.004
3.8 0.038 0.49 0.008
4.0 0.050 0.54 0.012
4.3 0.070 - 0.62 0.019
4.5 0.080 0.65 - 0.023
4.8 0.090 | 0.70 0.027
5.6 0.100 0.82 0.036

> 7.7 0.100 | 1.00 0.044
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maximum), is half of maximum at 4.5 MeV, and is at the maximum of
0.044 cm?-sr above 7.7 MeV. The energy dependent shape comes
about equally from the electron transmission factor in (2.2), and
the detection efficiency rise about 4.0 MeV. The actual calibra-
tion results for the E3 channel are given in Section 4.4.

3. EXPERIMENTAL CONFIGURATION AND DATA OBTAINED
3.1 cCalibration at the RADC Linear Accelerator

The electron channel calibration at the RADC electron linear
accelerator used the 30° electron beam, with the Dome and monitor
detectors configured as shown in Fig. 2.4. Two monitor detectors
were used, a 750 micron, 2 cm? area detector M1l) with a 0.713 cm
area collimator, and a 1500 micron, 0.25 cm“ area detector (M2)
with a 0.173 cm? area collimator. The 1/2 inch Pb collimators
have a range equivalent to 51.5 MeV electrons and are more than
adequate for the 15 MeV maximum energy electron beam. The 750
micron M1 monitor detector is shielded from the rear by 1/4 inch
Cu, which has a range equivalent to 9.3 MeV electrons, and so is

well shielded from backscattered electrons. The two monitor
detectors were used to verify a reasonably uniform intensity over
the 8 inch wide calibration area. The higher counts from Ml, as

well as the better detector shielding, resulted in all Dome
electron channel calibration data being normalized to the Ml
counts for an area of 0.713 cm2.

The electronics configuration is as shown in Fig. 2.5, which
is as presented in Ref. 2. The MCA spectra were generally used to
verify that the SCA settings were correct (below the minimum
ionizing peak for the relativistic electrons), and that the
detectors and electronics were operating properly. The primary
data were the counts, and these were recorded in a Laboratory
Notebook.

The RADC Electron Linear Accelerator can provide analyzed
electron beams of 5 to 15 MeV at the 30° bending port. Outside of
this range the beam intensity is very low, and and data would be
masked by background. The 5 MeV beam was degraded with Al
absorbers to achieve three lower energies, although these become
moderately broad in energy because of scattering in the absorbers.
All electron beams are degraded by the accelerator exit window
which consists of two Al windows with cooling water flow between
them, and by the 50 inch air path. The total attenuation path is
0.20 g/cm2 Al + 0.30 cm? H»,O + 0.15 g/cm2 air, which is
equivalent to 0.61 g/cm® H>0, based on the relative stopping
powers at 5 MeV in Ref. 6. The electron beam loses about 1.2 MeV
in the external Al/H,0/air path, and this produces about a 0.3 MeV
standard deviation in the electron energy at the detectors (FWHM -
0.7 MeV). This becomes even larger for the three lowest energies,
where additional Al absorbers are used. Data were taken without

S
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Table 2.3

Electron Energies Used at RADC Accelerator Calibration

Initial Absorbers Degraded Approximate
Beam - Used Beam Standard
Energy (+ 0.61 g/cm? H50) Energy Deviation
Mewy * (a/cn?) 2 Mev) > (Mev) *
15 | pbasic 13.6 0.3
10 ' basic 8.7 0.3
8 basic 6.8 0.3
6 basic 4 4.8- 0.3
5 basic 3.8 0.3
5/4.1 +0.57 Al 2.9 0.5
5/2.9 +1.29 Al ‘1.8 0.8
5/2.2 +1.71 Al 1.1 1.0

lplectron beam energy selected by the magnet-energy in vacuum.

2Exit window + air path = 0.61 g/cm? H,0 equivalent is basic for
all energies. Three lowest energies have additional Al absorbers
added.

3Average electron energy incident on the Dome and monitors, before
shield degradation, but corrected for the thermal blanket
effects.

4Taken as 0.25 x (total energy loss in absorbers). This is likely
to be an overestimate for the lowest energies, which are quite
broad in energy spread.

12
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the thermal blanket in front of the Dome sensor, but the incident
electron energies were corrected for its effects. ~ The correction
is generally less than 0.1 MeV. The initial beam energies, the
degraded beam energies (corrected for thermal blanket effects),
and the estimated standard deviations, are in Table 2.3.

The Dome electron channels were calibrated at 0°, 15°, 30°, 45°,
and 60° (one energy only) in the ¢, direction, i.e., along the #*
25° angle range in Fig. 2.1. For the ¢, direction data were taken
at 09, 30°, and 60° (the + 45° (D3) and + 60° (D4) angle range in
Fig. 2.1). Only one angle was varied so data had either 69 = 0°
or 6, = 0°. The angle scans were made at the eight energies
listed in Table 2.3, except for the three lowest energies with the
D4 (E3) channel. The angle scans obtained are listed in Table
2.4. These data were then analyzed and reduced to geometric

factors as described in Section 4.

3.2 Calibration with Beta Sources

The D3 Dome with the E1 and E2 electron channels was also
calibrated at Panametrics’ Waltham facility with Sr-¥-90 and Ru-
Rh-106 beta. sources. The physical configuration for beta source
calibration 1is shown in, Fig. 2.6, while the electronics
configuration was identical to Fig. 2.5 except for the 100 ft
cables which were not needed, The total air path to the Dome
detector was about 0.15 g/cm2, and this is used to correct the
beta spectra in the data analysis (Section 4.3).

The Sr-Y-90 beta source has 546 keV (maximum) electrons from
Sr-90 and 2.27 MeV (maximum) electrons from Y¥Y-90. The air path
and D3 absorber stop all electrons from Sr-90, so the source can
be considered as only a Y-90 spectrum. For the Ru-Rh-106 beta
source the Ru-106 has a 39 keV endpoint and Rh-106 a 3.54 MeV
endpoint, so the source is effectively only Rh-106 for
calibration.

‘The D3 (E1, E2) Dome was scanned through (471, 6,) angles of
(Oo, Oo), (15°, 0°), (30°, 0°), (&5°, 0°), (0°, 30°), and (0°,
60°) for both beta sources. An additional measurement was made at
(0°, 0°) with a sample of the thermal blanket material in front of
the Dome detector to provide normalization to the configuration on
the GOES I-M spacecraft. The beta source calibration data were
analyzed as described in Section 4.3.

13
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Table 2.4

Angle Scans Obtained for Electron Calibration
at the RADC Accelerator

D3 Dome - E1 and E2 electron channels/P4 proton channel

Scans at (63, 69) = (0°, 0°), (15°, 0°), (30°, 0°),
(45°,0%), (0°, 30°), (0°, 60°%)

Initial beam energies used (see Table 2.3) are:

15, 10, 8, 6, 5, 5/4.1, 5/2.9, and 5/2.2 MeV.

D4 Dome - E3 electron channel/P5 proton channel

(15°, 0°), (30°, 0°),

Scans at (61, 49) = (0°, 0°),
°y, (0°, 30°), (0°, 60°).

(45°, 0
Initial beam energies used (see Table 2.3) are:
15, 10, 8, 6, and 5 MeV.

An additional point was measured at (60°, 0°) and 10 MeV.

14
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4. DATA ANALYSIS AND RESULTS
4.1 Geometric Factor Calculation

The geometric factors are calculated by using the measured
areas, using the M1l detector count (0.713 cm? area) for normali-
zation, and integrating over 41 and f#5. Since scans are made only
in 67 (6, = 0) and 4, (67 = 0), the values for other combinations

are calculated by extrapolation using
A (61, 62) = A(61, O) A(O, 629)/ A(O, 0) (4.1)

The shape of the D3 and D4 geometric factors is such that 67
corresponds to ¢ and 65 + 90° to 4 in the normal spherical
coordinates (4, ¢) - (note that this is the reverse of a complete
(61, 629) scan, as used in Ref. 1), so the total geometric factor
is calculated from :

G = 2: A (6,., 6..) D.. n.. (4.2)
i 11 23 ij ij

where D, is the solid angle increment

J
9 o o
2jh +90
Dfqyy f291 +90°
(4.3)
=D 01i (sin €2jh - sin 02jl)

and nj4 are the number of equivalent bins of Dj4 from symmetry.
The vaiues of Djj and nj4 for the integrals are listed in Table
4.1. :

The measured values of A (81, 69) (67 or 6, = 0) are
calculated from the appropriate channel count and the simul-
taneously measured M1l count, both with background subtracted.
Background is measured during periods when the beam is off, so it
does not correct for beam-associated background, but the latter is

16
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. ~ Table 4.1

Solid Angle and Bin Numbers For Geometric Factor Calculation

Number Range of angles Solid angle

-

Value of bins § ,6 (deg) for increment,
of (671,69 (n ) 1 h D (sr)
(deq) 17 61 6o ij
(0, 0) 1 -7.5, 7.5 -15, 15 0.1355
(15, 0) 2 7.5, 22.5 -15, 15 0.1355
(30, 0) 2 22.5, 37.5 -15, 15 0.1355
(45, 0) 2 37.5, 52.5 -15, 15 0.1355
(0, 30) 2 -7.5, 7.5 15, 45 0.1174
(15, 30) 4 7.5, 22.5 15, 45 0.1174
(30, 30) 4 22.5, 37.5 15, 45 0.1174

. (45, 30) 4 37.5, 52.5 15, 45 0.1174
(0, 60) 2 -7.5, 7.5 45, 75 0.0678
(15, 60) 4 7.5, 22.5 45, 75 '0.0678
(30, 60) 4 22.5, 37.5 45} 75 0.0678
(45, 60) 4 37.5, 52.5 45, 75 0.0678

17
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not expected to be large. The pulse height spectra of the monitor
detectors generally were well shaped Landau peaks from relativis-
tic (minimum ionizing) electrons, and thus indicated that
bremsstrahlung background was low. The geometric factors
calculated from (4.2), based on the M1 monitor counts, were used
as the calibrated electron geometric factors. '

4.2 RADC Linear Accelerator Data Analysis

A typical set of calibration data taken at .the RADC Linear
Accelerator is shown in Table 4.2, which lists the measured areas
for E1, E2, and E3 at an initial electron beam energy of 10 MeV,
which corresponds to 8.7 MeV incident on the detectors (see Table

2.3). The areas are all normalized to the Ml monitor detector
(0.713 cm2), and statistical errors are on the order of 10% or

less, except for the smallest values for each detector set. The
(60°, 0°) data for E3 show a large drop from the (09, 0°) and
(459, 0°) data, and indicate that the 45° data limit in ¢; is
quite adequate. This factor was also used to eliminate taking any
(09, 90°) data, with the (0°, 60°) cut off being guite adequate.

The geometric factor calculation method is illustrated in
Table 4.3, where the El1 geometric factor calculation from the 8.7
MeV electron data in Table 4.2 is shown. Using this method the
resulting values for G are 1listed in Table 4.4, which also
includes the A (0°, 0°) area values for reference. The listed
electron energies are those for the sensor location, corrected for
the effects of the thermal blanket. The thermal blanket was not
used during the RADC accelerator calibration, and has an almost
negligible effect on the electron energy at the high energies of
the accelerator calibration. The results in Table 4.4 are
compared with the theoretical calculations and are used to obtain
a complete geometric factor vs. energy form in Section 4.4.

4.3 Beta Source Data Analysis

The Sr-Y-90 and Ru-Rh-106 beta sources provide continuous
electron spectra to the end points of 2.27 MeV and 3.54 MeV, and
this makes a geometric factor measurement more complex. The
calibration is done by using the theoretical shapes vs. energy of
Section 2, and normalizing the absolute geometric factor by use of
the beta spectrum shape and measured source intensity. The beta
spectra shapes are obtained from Ref. 9, and the source intensi-
ties were measured using the M1l monitor count rate and correcting
for the measured fraction of the total beta spectrum which is
detected. The beta spectra must be corrected for transmission
through the 50 inch air path between the beta sources and the
sensors.
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Calibrated Channel Detection Areas for 10/8.7 MeV Electrons

Angles
89)
(deg.)

(81,

(0,
(15,
(30,
(45,

(60,

(0,

(0,

Areas are normalized to M1 monitor at 0.713 cm<.

0)
0)
0)
0)

0)

30)

60)

Measured area (cm2) for

El
0.731
0.674
0.356

0.083

0.626

0.127

E2
0.045
0.040
0.016

0.0032

0.037

0.0045

E3
0.043
0.030
0.024
0.0144

0.0012

0.039

0.0159

2

Accelerator-selected energy is 10 MeV; electron energy
at sensor location is degraded to 8.7 MeV.
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Table 4.3

Illustration of Geometric Factor Calculation Method

El calibrated area in (cm?) for (47, 6,) at 10/8.7 MeV

§2 (deg)
6 (degqg)
1 0 30 60

0 0.731 0.626 ©0.127
15 0.674 (0.577)  (0.117)
30 0.356 (0.305) (0.062)
45 0.083 (0.071) (0.014)

Numbers in parenthesis ( ) are extrapolated using eq. (4.1)

Total geometric factor calculated from eqg. (4.2) using
the values in Table 4.1 is

G = 1.065 cm2-sr

for an electron energy of 8.7 MeV at the sensor location.

20
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Electron
Energy
Incident
on sensors

(MeV)

Table 4.4

Calibrated

total geometric
factor, G (cmz-sr)

for

El E2 E3
0.641 0.0244 0.0415
1.065 0.0559 0.0726
V1.046 0.0453 0.0674
0.980 0.0565 0.0410
0.893 0.0558 0.0143
0.697 0.0436 -
0.576 0.0190 -~
0.487 0.0166 -

21

NXT-CAL-101

Rev. (=)

Geometric Factor and A (09, 09) Values from
RADC Accelerator Electron Calibration

Calibrated area
at normal

incidence,A(0°,0°) (cm?)
for

£l E2 E3
0.672 0.031 0.038
0.731 0.045  0.043
0.754 0.0385  0.0365
0.668 0.0441  0.0227
0.620 0.0433  0.0069
0.526 0.0330  0.0070
0.433 0.0153 --
0.351 0.0099 --
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The E1 and E2 channels of the D3 dome are the only ones that
can be calibrated with beta sources. The D3 dome was irradiated
using the geometry of Fig. 2.6, scanning the angles set listed in
Section 3.2. The scans were made without the thermal blanket
shield, and a normalization run was made at (09, 0°) with a piece
of thermal blanket in front of the Dome sensor. The angle scan
data were integrated as described in Section 4.1 to give an
effective geometric factor of

G = Ao (0°, 0°9) Dg (4.4)

The measured values of Dy for El1 and E2 for each beta source are
listed in Table 4.5, and include all of the angular dependence of
G, which is .assumed not to vary with energy. The value of Ay
(0°9,0°) is set to the 1limiting (09,0°) wvalue for high energy
electrons.

The value of Ag (09,0°) is calculated from the measured count
rate at (0°,0°) with the thermal blanket in place, Cp
(counts/sec), and the measured total source intensity at the
sensor, Jp (electrons/ (cm?-sec)). The values of Jg for the two
beta sources used for the October 1987 period of the data are
listed in Table 4.6. Ay (0°9,0°) is calculated from

Ao (0°9,0°) = Cp/(Fp Jp) \ (4.5)

where Fp is the fraction of the full beta spectrum which reaches
the detector and triggers the threshold. Fp is calculated from

Fp =‘/T(E) E(Eg) jg (E) dE (4.6)

where T(E) is the electron transmission factor of (2.2), using the
full attenuation path (source window + air path + dome moderator),
E(Eq) 1s the detection efficiency of the solid state detector, and
jB(E) 1s the spectral shape of the beta source from Ref. 9,
normalized to 1. For the calibration data E(Eg) is normalized to
1.00 at high energy, and is approximated by a turn-on-width when
the energy E4 passes through the detector threshold. The turn-on
width was only used for the E1l channel, since it is quite small (-
0.15 MeV FWHM) for the E2_channel. The calibrated G (eqg. (4.4))
provides a value for G(E), where E is average detected beta
particle energy, and can be used with the theoretical shapes from
Sectipn 2 to provide more precise values for G(E) at lower
energies.

The final calibrated geometric factors from the beta source
measurements are summarized in Table 4.7.. No data are shown for
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- I : Table 4.5

Measured Angular Part of El1 and E2 Geometric Factors
for Beta Sources

Beta End-point Measured values of Dy (sr)
Source energy for electron channels
type (MeV) El E2
Sr-Y¥-g90 2.27 1.991 0.777
Ru-Rh-106 3.54 1.868 1.485
Table 4.6
. Measured Beta Source Intensities at D3 Dome Sensor
Beta Panametrics Beta Total Electron Flux
H Source Source Spectrum Jg (el/(cmz—sec))
_Type ID Contribution at 50 inches
Sr-y-90 #84 Y-90 only 1.263 x 103
Ru-Rh-106 #841 Rh-106 only 2.59 x 102

Inten51ty is only for the one beta emitter listed, and for no
air attenuation, i.e., in vacuum.
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Table 4.7
Calibration Results From the Beta Source Data
D3 Dome Electron Channels
F G (max)
Electron Beta Beta B Cm 5

Channel Source Spectrum - value (cnts/sec) (cm”-sr)

El Sr-Y-90 Y-90 0.441 136.5 0.488

El Ru-Rh-106 Rh-106 0.667 51.2 0.554
E2 Ru-Rh-106 Rh-106 0.127 0.945 0.0460
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E2 with Sr-Y-90 since the channel threshold of 2 MeV is toc close
to the beta spectrum end point of 2.27 MeV to give a statistically
meaningful result. The data in Table 4.7 are combined with the
RADC accelerator data to provide final overall calibration curves
for the electron channels in the following Section 4.4.

4.4 Electron Channel Geometric Factors

4,4.1 E1 Channel

The beta source and accelerator calibration data are in
excellent agreement. The Sr-Y-90 data with an average electron
energy at the sensor of 0.93 MeV give Gpayx = 0.488 cm“-sr, while
the Ru-Rh-106 data with an average energy of 1.35 MeV give Gpax =
0.554 MeV. The accelerator data give 0.487 cm?-sr at 1.1 MeV and
0.576 cm?-sr at 1.8 MeV. The accelerator data in Table 4.4 show a
continuous slow rise with energy, to- 1.065 cmé-sr at 8.7 MeV.
This rise is most likely due to the greater penetration of the
higher energy electrons, which can undergo more scattering in the
W collimator and still have enough energy to be detected when
reaching a detector. The latter is reflected in the A (0°, 0°)
areas of Table 4.4, which show a continuous rise with energy.

The 13.6 MeV G 1is 1lower than at 8.7 MeV, although the
A(0°9,0°) value does not drop very much. This is most 1likely due
to less scattering in the D3 moderator which decreases the off-
angle part of the geometric factor, as measured. From a practical
point of view, the geometric factor drop at 13.6 MeV 1is not
important because the overwhelming part of the El1 count rate comes
from electrons in the 0.5 - 2 MeV range.

The theoretical shape of the initial rise of_the El geometric
factor in Table 2.1 can be normalized to 0.526 cm?-sr, the average
cf the beta source (0.93 and 1.35 MeV) and low energy accelerator
(1.1 and 1.8 MeV) calibration points, and combined with the higher
energy accelerator calibration points, to yield the final E1
channel electron calibration data in Table 4.8. These  data are
also plotted in Fig. 4.1, along with the E2 and E3 final
calibration data. The final electron calibration data are felt to
be accurate to about + 20%, and the shape of G(E) can be used to
Calculate absolute electron fluxes for a known J(E) spectral
shape. Use of El1, E2, and E3 can allow the derivation of three
independent parameters to describe the electron spectrum.

4.4.2 E2 Channel

The Ru-Rh-106 beta source calibration give 0.0417 cm?-sr for
an average energy above the detector threshold of 2.4 MeV. This
is in good agreement with the 2.9 MeV accelerator data which give
G = 0.0436 cm?-sr, and the two average to 0.0427 cm?-sr. The E2
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Table 4.8

Final Calibrated Geometric Factors of the E1 Channel
For Electrons

Calibrated Geometric
Electron Energy

E (MeV) Factor G(E) (cm2-sr)
0.39 - 0.00
- 0.45 0.03
0.50 ' 0.09
0.60 ' , 0.21
0.80 0.41
1.00 0.48
1.17 0.53
1.8 0.58
2.9 0.70
3.8 0.89
4.8 0.98
6.8 1.05
8.7 1.07
13.6 0.64
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channel has a sharp cut-on at 2 MeV, with a FWHM of about 0.15
MeV, which is negligible. The low energy part of G(E) can thus be
taken as G(E) = 0.043 cmé-sr for 2 < E < 3 Mev, and the higher
energy data taken from Table 4.4. The 1.8 MeV point in Table 4.4
results primarily from the energy spread of the incident electron
beam (about 1.9 MeV FWHM), with the calculated fraction above 2
MeV giving about 0.0190 cmé—sr, which is only 10% higher than the
measured value. The 1.1 MeV value is also mostly due to beam
energy width, which easily accounts for at least half the measured
value. Uncertainty in the precise shape of the high energy tail
of the 1.1 MeV beam, and the poor statistics (very low counts) in
the E2 measurement irndicate that the 1.1 MeV point can be
discarded as a value for 1.1 MeV. B

The final shape of G(E) for E2 is given in Table 4.9, and is
plotted in Fig. 4.1. An average value of G(E) to about 10 MeV is
0.050 cm?-sr, and this can be used as a good approximation for E >
2 MeV. For more precise work the shape in Table 4.9 can be used.
The average value of 0.050 cm?-sr when used with the Table 2.1
calculation data indicates that the detection efficiency for high
energy electrons is about 0.147, while near threshold the 0.043
cm?-sr measured G gives a detection efficiency of about 0.127.
The estimated accuracy of G(E) is about + 20%. The drop at 13.6
MeV is not completely understood, as it is a factor of about 2 in
G and 1.5 in A (09, 0°) (see Table 4.4). This may be an artifact
of the upper limit energy of the RADC linear accelerator. It is
not expected to be important since the dominant E2 channel count
rate comes from electrons in the 2 to 10 MeV range, actually
mostly near 2 MeV.

4.4.3 E3 Channel

The E3 channel calibration data in Table 4.4 can be compared
with the calculations in Table 2.2 to yield an average ratio

(E3, calibrated G)/(E3, calculated G) = 1.64 (4.7)

Using this ratio, the effective detection efficiency for high
energy electrons, which was taken as 0.1 for Table 2.2, is about
0.164. The higher detection efficiency is consistent with the
lower threshold of 1.53 MeV, vs. 1.77 MeV for E2. The ratio (4.7)
can be used with the calculated G(E) values in Table 2.2 to give
the calibrate shape for E3. These calibrated values are listed in
Table 4.10, along with the calibration measurements. The 50% of
maximum G occurs at about 4.4 MeV electron energy. The calibrated
G(E) are plotted in Fig. 4.1, and are estimated to be accurate to
+ 20%. :
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'_-. Table 4.9

Final Calibrated Geometric Factors of the
E2 Channel For Electrons

Calibrated Geometric
Electron Energy '

E_(MeV) - Factor G(E cmz—sr
> 2 to 3 0.043
3.8 0.056
4.8 0.057
s 6.8 ’ 0.045
8.7 0.056
13.6 0.024

Average geometric factor > 2 MeV to 10 MeV = 0.050 cm?-sr.

e
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- l Table 4.10

Final Calibrated Geometric Factors of the E3 Channel For Electrons

Calibrated Geometric
Electron Energy 5

_E _(MeV) : , Factor G(E) (cm®-sr)*

3.5 0.006/ -

3.8 0.013/0.014

4.0 0.019/ -

4.3 _ 0.031/ -

4.5 0.038/ -

4.8 0.045/0.041

5.6 0.058/ -

. 6.8 0.066/0.067

7.7 0.072/ -
8.7 ~0.072/0.073
13.6 0.072/0.042

*Values listed are (normalized calculation)/(calibration data).
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4.5 Comparison with Previous Electron Channel Calibration

Except for the ¢, angle range, the new D3 dome E2 (> 2 MeV)
electron channel is identical with the old GOES D-H E1 channel,

which was calibrated with a beta source in Ref. 1. The Ref. 1
calibration was made at (09, 0°) incidence with Sr-Y-90, and
primarily Ru-Rh-106, beta sources. The measurements gave a

detection efficiency of 0.10 for the 1.77 MeV threshold, and this
was factored with the proton P4 channel corrected geometric factor
of 0.34 cm?-sr to get 0.034 cm?-sr for the old E1 channel.

The GOES D-H D3 Dome had a collimator side opening of 61 = *
259, ¢ = + 609, which is identical to the D4 Dome angle range.
From eqg. (2.1) the geometric factors can be given as

60°) 1.74 Ag cmé-sr (4.8)

G(D3, 6>

I
+

and

G(D3, 65 = + 459) = 1.36 Ag cmi-sr (4.9)

Using the measured geometric factor near threshold of 0.043 cm?-
sr, from Section 4.4.2, the value corrected to the old El1 solid

angle is

G(old E1)

0.034 x 1.74/1.36
(4.10)

it

0.055 cm2—sr

which is about 60% larger than the Ref. 1 calibration. About 27%
of the increase comes from the larger detection efficiency (0.127
in Section 4.4.1, vs. 0.10 in Ref. 1), and the remainder comes
from the wider angular spread of the calibrated electron response
measured for this report.

The present calibration data thus give a corrected value for
the old GOES D-H El1 channel geometric factor .for electrons of
0.055 cm?-sr. Since this is based on angular scans of the channel
response, rather than solely a (0°, 0°) measurement for electrons
with the angular response shape for protons, this newer value is
expected to be more accurate. The result is to reduce the > 2 MeV
electron fluxes for the GOES D-H E1 channels by about 40%. It
should be noted that this affects only the calculated fluxes, and
not the detector count rates which are the data archived by NOAA.
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4.6 Proton and Alpha Particle Responses of D3 and D4 Dome Channels

The proton response of E2 (old El), P4, and P5 were measured
and reported in Ref. 1. The P5 response for protons remains the
same, but the direct E2 (old E1) and P4 responses must be
decreased by a factor of 0.78, the fractional decrease calculated
using eqg. (2.1). The "spurious", out-of-aperture responses of E2
(old E1) and P4 increase slightly (about 5%), but this is a small
correction to a complicated and somewhat uncertain geometrical
factor. The spurious responses of Table 3.4 in Ref. 1 can thus be
readily used for E2 (old E1) and P4. The A4 channel alpha
particle response should be modified in the same manner, with only
the direct G being multiplied by 0.78.

" The new El1 channel proton response can be estimated from the
old E1 calibration data, adjusted for the lower energy 1loss
window. The 1.77 MeV level 7 for E2 cuts off most low energy
protons from El, except for some edge cutting protons which lose

} only a small amount of energy in the depleted part of the solid
state detectors. This will give E1 an estimated ¢ < 0.1 cmé-sr
for protons in the range 10-120 MeV. Above 120 MeV protons can
penetrate the W shield, and the El1 channel will acquire an omni-
directional response similar to the old E1 (new E2). The dE/dx
values for the 1.77 MeV threshold correspond roughly to 380 MeV

. protons (0° and 60° incidence, see Fig. 2.2) and > 1000 MeV
protons (45° incidence). Edge cutting protons can be detected,
however, so it is estimated that ¢ - 0.1 cm?-sr for about 120 to -
500 MeV. Above 500 MeV the geometric factor should rise
substantially to about 1.5 cm?-sr (within a factor of 2 or 3 - the
experimental correction found in Ref. 1). Since the 0.25 MeV
threshold 6 is below the minimum ionizing energy loss for protons
‘(except for extreme edge cutters) the E1 channel should be
sensitive to protons of all greater energies, with approximately
the same geometric factor.

The new E3 channel response to protons should be similar to
the o0ld E1 (new E2), since the 1.55 MeV level 10 is near the E2
(old E1) threshold of 1.77 MeV. . The higher level (cut-off) is 5.6
MeV for E3 vs. 10.5 MeV for E2 (old E1l), so some adjustments are
required. Referring to the energy loss curves in Fig. 2.3, the E3
channel response to protons is estimated as - 0.15 cm?-sr for 36-
80 MeV, - 0.45 cm?-sr for 80-120 MeV, and - 1.5 cm?-sr for > 120
MeV. There is possibly a slight decrease above 500 MeV where the
0° and 60° energy loss curve goes below level 10 (1.55 MeVv), but
this is within the uncertainty of the Ref. 1 "spurious" responses.

The P5 and A5 channels should have the same response as given

in Ref. 1, since the D4 dome design has not changed. The
estimated proton responses, both "direct" and "spurious", are
‘ listed in Table 4.11 for E1, E2, P4 for D3, and for E3 for D4.
The corrected A4 channel response for alpha particles is also

listed. The new E1 and E3 proton responses are less accurate than
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Table 4.11

Estimated Geometric Factors of the Modified Channels

for Protons and Alpha Particles

- 0.1 cm®=sr, 120-500 MeV

- 1.5 cm2-sr, > 500 MeV

~

plus "spurious" response of Table 3.4 in

D3 Dome - decreased solid angle design
El proton response: G f 0.1 cm2-sr, 10-120 MeV
E2 proton response: G - 0.36 cm-sr, 32 - - 500 MeV
Ref. 1
P4 proton response: G -~ 0.16 cmz-sr, 15-44 MeV

A4

D4

plus "spurious" response of Table 3.4 in
Ref. 1

alpha particle response: G -~ 0.16 cm2-sr, 60-180 MeV

plus "spurious" response of
Table 3.5 (Ref. 1) for alpha
particles, and Table 3.6 (Ref.
1) for protons C

Dome = electron channel response to protons

E3 proton response: G - 0.15 cmz—sr, 36-80 MeV
- 0.45 cm?-sr, 80-120 MeV

- 1.5 cm?-sr, > 120 MeV
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the other channel responses since they are extrapolated estimates
from calibrated data for other channels, as discussed above. Note
that the detailed calibration curves of G(E) in Ref. 1 can be used
directly 1if the old E1 (new E2) and P4 curves have the scale

readings multiplied by 0.78.

5. SUMMARY AND CONCLUSIONS

The modified design of the EPS Dome Detector, using a smaller
geometric factor for the D3 detector and adding two electron
channels, has been calibrated with electron beams and beta sources

for the electron response. The calibration data have been
analyzed and reduced to response curves G(E) for the three
electron channels E1l, E2 and E3. The proton channels have

negligible response to electrons. The new E2 channel is identical
to the o0ld (GOES D-H) El1 channel, and the more detailed new
calibration data indicate that the old electron geometric factor
is about 60% low. The accelerator calibrations are more precise
than the beta source. calibrations because of the narrower energy
range of electrons available.

The modified D3 Dome channels have slightly lower geometric
factors for P3 and A4. These modified geometric factors, as well
as the proton responses for the new El, E2 and E3 channels have
been estimated. A final set of revised geometric factors for
protons and alpha particles has been provided.
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