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1. INTRODUCTION

The Encrgetic Particle Sensor (EPS) subsystems on the GOES-4 and
GOES-5 satellites are modifications of the basic design of the earlier GOES
satellites, which includes the EPS on GOES-2. GOES-4 was launched on
8 Scptember 1980, with EPS turn-on on 15 September, while GOES-5 was
launched on 22 May 1981, with EPS turn-an on 4 June. GOES-2 EPS data
are still being archivaed, so there is a considerable overlap of GOES-2,
GOIKS-4, and GOES-5 data, and cross comparison of at least these three
EPS subsystems is thus possible. Since there is a considerable amount of
archived data {rom the ecarlier GOES satellites, such comparison will allow
a more accurate measure of long term proton/electron flux variations to

be made.

‘The GOES-4 and GOES-5 EPS designs have been extensively
calibrated at a number of accelerators, so that the response {unctions
are well known (Refs. 1.1 and 1,2). The total effective geometric factors
have been used for some preliminary data reduction (Refs. 1.3 and 1. 4).
The earlier GOES EPS subsystems were partially calibrated at accelerators,
so that reasonable estimates for the channel geometric-energy factors can
be made (Refs. 1.5 and 1.6). In this report the best-estimate geometric-
energy factors for the GOES-2, -3 EPS, and for the GOES-4, -5 (also -6,
when launched) EPS subsystems are given, For GOES-2 and GOES-4 one
proton flux comparison for day 91, 1981 is made, and several electron {lux
comparisons for days 91-119, 1981 arc also made. While the proton {luxes
compare well, the electron fluxes differ significantly, with the GOES-2
flux being about 1/ 10 the GOES-4 flux. Because the lwo spacecraft are in
different locations,, some differences in {luxes are, of course, to be

expected. However, this much difference in electron flux seems unreasonable.

The detailed comparison, and discussion of possible explanations, are
given in the following sections.

2. EPS GEOMETRIC FACTORS

'Z. 1 Proton Channel Geometric Factors

The average detected proton energy, Ep (MeV), and the effective
gcometric-encrgy factor, GAE (cm®-sr-MeV), for the seven EPS proton
channels are given in Table 2, 1.. The response of the electron channel
to protons is also given for the GOES-4 (-5, -6) EPS, The GOES-4 data
are the primary channel response for P1, P2, and P3 from Ref, 1.1, with
the other channel responses coming from Ref. 1.2. The P4 and P5 Dome
chinmel responses are for the primary proton detection range, while the

126, P7, and E] channels include the response to high energy protons

penctrating the detector shielding., All responses are based on a {lal proton

spectrnm,

L
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The GOES-2 (-3) responses are based primarily on the data in
Ref. 1.6. The responses for P4 and P5 are adjusted to eliminate the
high energy proton response tails by using
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(P4) - LUP5)_ - x(E1) (2.1)

(P4)
use meas meas

and

(Ps)us,c- (13‘5)”.1“s - 0.7 (P6)meas ' (2.2)

with the right band variables being the measured count rates, and the left
hand variables the count rates to use for flux calculations. The value of x
in (2. 1) is about 0.05, although it varies with the electron channel count
rale. The non-zero value of x is required, because the energy threshold
determining P4 is 1.89 MeV for GOES-2 (Ref. 1.6, p 8; for GOES-3 it is
2.34 MeV), making P4 respond to electrons above about 2.1 MeV. Quiet
‘time observations (no solar protons) show that P4 tracks El quite closely,
so that in the absence of protons P4 is responding to electrons.

Table 2.1

Proton Channel Geomelric Factors

GOES-2 (-3) GOES-4 (-5, -6)

Channel Average GAE (effective) Average GAE (effective)
Desipgnation Fp (MeV) (cmz-sr-McV) Ep (MeV) (cmz-sr-MeV)

P12 2.4 L4 2.4 i 0.202
\ . A

p2® 5.5 0.543 6.5 0.252
P3 9.5 0.898 11.6 0.325
Py 29.2 24.6% ~ 29.5 6.09
ps? 60.7 36.9° 60. 5 15.5
148 377 ' 168 136

338 647 427 891
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Primary channcl response is piven - high energy protons penetrating the
shiclding are neglected,

b1 otal response is given - includes the high energy protons which penectrate
the shielding,

TR g

“Response of the electron channel to protons - for GOES-4 (-5, -6) only,
Ao dThe count rate to be used is (P4) - 1.1 (P5)-x (E1); see text.

3 " “The count rate to be used is (P5) - 0.7(P6); see text.
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2.2 Elcctron Channe} Geometric Factor

The E1 channel for the GOES-4 (-5, -6) EPS was calibrated lor
clectron detection elficiency using beta sources (Ref. 1.2). The SNy
results from Ref, 1.2 arc¢ shown in Table 2.2, The GOES-4 (-5, -0) Ebs
thresholds are 1. 77 MeV, Biving an offoctive threshold of 2,0 MoV incidoent
clectron cnergy, with a 10% detection clficiecncy. The geometric Lactor iy
0.034 cmé_sr (Ref. 1.2, P 41). '

The GOES-2 Eps usces a 50 mmz, 3 nun thick Si (Li) delector, with
an E1 energy loss threshold of 1.04 MeV for GOES-2 (1.05 MeV for GOES-3,
Ref. 1.6). The GOES-4 EPS uses two 25 mmz, 1.5 mm thick detectors,
witha 2. 6 mm gap between them, so the results in Table 2.2 are not exactly
usable for the GOES-2 Ej channel, but the results should give a reasonable
approximation to the electron detection efficiency. From Table 2.2, a 1.04
MeV energy loss threshold should give an electron detection efficiency of
about 50%,. Using this with the 100% efficiency proton-measured geometric
factor of 0. 95 cmé_sr (Ref. 1.6), this gives a geomelric factor of about
0.47 cm®-sr for electrons above about 1.25 MeV, for the GOLS-2 El1 channel.

The GOES-4 ang GOES-2 E1 channels then have the following
characteristics, for electron detection,

Satellites 1 electron threshold (M(.-'V) G ‘Clll‘:—sl')
GOES-2 (-3) - > >1.25 L0047
GOES-4 (-5, w¢) >2.0 0.034

Note that most of the difference in G above comes from the El energy loss
threshold. For GOES-2 a 1.04 MeV threshold gives 50% detection efficiency
while for GOES-4 a 1.77 MeV threshold'giVes 10% detection efficiency,

a factor of five lower. This is completely coupled to the electron threshold
energy, as shown by the data in Table 2,2, It should be noted that the
results of a theoretical analysis in Ref, 1.2 show that the detection efficiency
is reasonably constant for all electron energies above the threshold, Note
also that the dE/dx energy loss of a relativistic electron (approximately
minimum ionizing) in 3 mm of Si is about ] MeV, so the 509 detection ,
efficiency for a 1 MeV threshold is quite reasonable considering the large
energy straggling width of this peak,

The P4 channel of GOES-2 has a threshold of 1, 89 MeV, which

- corresponds to about a 2, ] McV clectron threshold. IFrom Table 2.2

the electron detection efliciency should be about 0,08, which gives an
ciffective gecometric factor of about 0, 076 cm?‘—sr. Thus, in addition to
the proton geometric factor for P4 given in Table 2. 1, the GOES-2 P4
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channel also detects electrons above 2.1 with G = 0.076 cmz-sr. The
GOES-3 P4 channel has an electron threshold of about 2.55 MeV (detector
threshold of 2.34 MeV), with G < 0.01 cmZ-sr.

3. COMPARISON OF GOES-2 AND GOES-4 ELECTRON DATA

The electron and proton channel data for GOES-2 for days 91
(1 April) to 120 (30 April) 1981 are plotted in Fig. 2.1. The data are
plotted on log scales, seven days to an individual plot. The number above
each plot on the left is the first point plotted in counts per 100 seconds.
The corresponding data for GOES-4 arc plotted in Fig. 2.2,

The majur proton fcatures are the solar proton events for days
91-95, 100-104, 105-111 (wecak), and 114-120. The El and Pl channels
show a‘diurnal variation as well as longer term variations partially
associated with the solar proton fluxes. The El channel shows the most
prominent diurnal variation associated with passing through the near
magnetotail region near local midnight. The GOES-2 data show a strong
correlation of the E1l and P4 channels, verifying the earlier calculations
that P4{ is sensitive to electrons above 2.1 MeV, as well as to protons,

Some comparisons of the GOES-2 and GOES-4 proton data during
the proton events have been made, and they are generally in reasonable
agreement. Since the two spacecraft are in different magnetospheric
locations, their spectra will often show some differences, especially
in the low energy proton region, but on occasion they show excellent
agreement. One such case for 1730 UT on day 91 is shown in Fig. 2. 3.
For this spectrum the GOES-2 P4 channel has had no electron correction
made, since using x =0, 05in Table 2.1 yields a negative flux. Disregarding
the uncertain GOES-2 P4 point, the remainder of the proton spectra show good
agreemaoent between GOES-2 and GOES-4,

-

The detailed print-outs for the data in Figs. 2.1 and 2,2 have been
.obtained for day 91, 0600-1800 UT, day 100, 1600-2400 UT, day 101,
0000-0400 UT, and day 114, 1200-2400 UT. Data from the print-outs

were used to calculate the spectra in Fig. 2.3. Using the data in these
print-outs, as well as the {irst count of each part of Figs, 2.1 and 2.2, a
series of counl-rates for the GOES-2 El and P4 channels and the GOES-4

1Z) channel, were sclected and the ratios calculated. These data are lisied

in Table 2.3, along with information about the presence of solar protons. ,

The ratios P4/E1l and E1/E] vary considerably, although in the
absence of protons the P4/ E1 ratio is generally near 0.05. From Figs.
2.1 and 2,2 it can be sccn that the day 105 and day 112 data are from a
period when the El1 channel duirnal variation is nearly absent. Thus these
two days provide the best data for comparing the GOES-2 and GOES-4
cleciron responses, The average values are

*’ﬁ
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GOES-2 Electron/ Proton Channel Data for Days 91 to 120, 1981,

Figure 2.1.
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gure 2,2, GQES-4 Electron/Proton Channel Data for Da ys 91 to 120

Part 5 - Days 119 to 120,
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El (G-2) _
El (G-4) 1.52 (2. 1)
and
P4 (G-2) _ 0 :
E1(G-4) . 055 (2.2)
Table 2.3
Comparison of the GOES-Z E1l and P4 Channels
to the GOES-4 E1 Channel
Count Rate Ratio
G-2
Day . UT Protons Averapge Count Rate (sec'l) for (G-4)

(1981) (hrs-min) Present? G-2/El1 G-2/P4 G-4/E] El1/E]1 P4/E1
91 0000 "No 180.0 7.83 169.9 1.06 0.046
91 0630 Yes 66.0 3.36 27.9 2.36 0.120
91 1730 Yes 151.2 8.47 86. 6 1.75 0.098
98 0000 No 88.1 3.21 61. 6 1.43 0.052

100 1630 No 48. 4 1.24 19.08 2,54 0.065

100 1930 Yes 66.9 32.9 47.1 1.42 0.70

100 2230 Yes *50.9 48.8 54.2 0. 94 0. 90

101 0230 ‘Yes 24.5 25.8 30.0 0.81 0.86

105 0000 No  25.8 0.80 17. 14 1.50 0.047

112 0000 No 169. 6.87 110. 1.54 0.063

114 - - 2030 " Yes 1542, 29.7 1338. 1.15 0.022

114 . 2330 Yes 1201, 155.6 1465, 0.82 0.106

119 0000 Yes 119.6 6.59 39.5 3.03 0.167

Using the procedure to calculate. the electron de
in Ref. 1.2, and neglectin
threshold of Pd (G-2) (=

(2.2) yiclds

waich gives

tection efficiency described

Eff (G-2, P4, electron) = 0,0021

g the small diffcrence in the effective electron
2.1 MeV) and of El (G-4) (= 2.0 MeV), the ratio

(@.3)

G (G-2, P4, Eg > 2.1 MeV) = 0.0019 cm?-sr (2. 4)
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The result (2.2) also yields a value for the effective depletion depth of
the 50 mm<, 3 mm thick Si (Li) detcctor, and this is 0.68 mm. These
results thus show that the D3 dome delcctor on GOES- 2 (Channels E1, P4,

and A4) is substantially undecpleted.

Using the P4 tG-Z) derived deplelion depth and the procedure of
Ref. 1.2, the E1 detection efficiency for electrons is obtained as

Eff (G-2, E1, electrons)= 0.013 (2.5)

which gives . .
G(G-2, El, E, >1.25MeV)'= 0.012 cm®-sr (2. 6)

Note that the values for (2.3) to (2. 6) arc all based on the experimental/
theoretical work of Refs, 2.1 and 2.2, but have been normalized to the

calibrated GOES-4 E]1 channel electron response (Ref. 1.2). The result
(2.5) is a factor of 40 less than the theoretical efficiency for a full 3 mm
thick detector, although edge effects might reduce this by a factor of 2 to

"3 (Ref. 2.1).

ll The geometric factors in (2.4) and (2. 6) have been usced to calculate
corrected electron spectra for three of the no-proton times of Table 2. 3,
and these are given, along with the GOES-4 E1 channel flux, in Table 2. 4.
All fluxes have been converted to omnidirectional by multiplying by 4 7 sr,
The corrected GOES-2 electron spectra are in better agreement with the
expected electron fluxes. The G-2/P4 flux is nov’ in good agreement with
the G-4/ E1 flux, and the G-2/ El flux gives an integral power law spectrum
of about Ee'3 when,used with the G-4/E1 flux, The flux magnitudes and
variations are in good agreement with other data on the geosynchronous
orbit electron fluxes, as shown by the electron spectra in Fig. 2,4, which
is taken from Ref. 2.3, and the electron flux profiles shown in Fig. 2.5,
taken from Ref. 2.4. The data in Fig. 2.4 show that the > 2 MeV electron
flux varies from a few x 103 to more than 2 x 10° el/ (cmz-sec), in
excellent agreement with the GOES-4/E1 channel, and the corrected GOES-2/ P-}j

"channel. Electrons > 1.25 .MeV range from about 10% to a few times
105 electrons/ (cmZ-sec), in good agreement with the corrected GOES-2/ El
channel. ‘The data in Table 2.4 cover the maximum Do-proton count rate :

range of Table 2.3, and so indicate the normal range of electron flux
variations. The corrected GOES-2 geometric factors for E1 and P4 (electron
mode) thus appear to be quite good, and the GOES-2 D3 dome detector ’
appears to be substantially undepleted (0.68 mm vs. 3 mm design).

18
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Table 2.4

Omnidirectional electron flux (el/ (cmz-sec))

GOES-4

GOES-2 (corrected)

El1(> 1.25MeV) El (> 2.0 Mcl

P4 (> 2.1 MeV)

1.88 x 103 5.18 x 104 6.28 x 104

2.70 x 104
1.77 % 10° 4.54 x 102

5.29 x 107 6.34 x 10
4.06 x 107
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4. CONCLUSIONS AND RECOMMENDATIONS

Detailed comparison of the GOES-2 and GOES-4 electron ¢hiannel
data from April 1981 have shown that the GOES-2 D3 dome (channels €1,

- P4, and A4) dctector is substantially undepleted, with an effective depletion
depth of about 0. 68 mm (at the time the data used here were obtained) vs
the design 3 mm thickness. This has substantially changed the FE1 and P4
channel detection efficicncies for electrons, and the resulting channel
geometric factors. The geometric factors have been corrected by compari-
son with the GOES-4 El channel atsuitable time periods. The corrected
GOES-2 electron fluxes are then in good agreemcnt with other satellite data.

The present corrections of the GOES-2 E1 and P4 clectron geometric
factors are valid only for the time period near April 1981. It is not presently
known if the undepleted detector condition has existed since the launch of
GOES-2, or whether it developed later and is getting progressively worse.

It is clear that the present E1, P4 and A4 data from GOES-2 are highly
questionable, with the P4 and A4 data possibly being meaningless for proton
and alpha particle flux measurement,

Since the GOES-4 EPS was turned-on on 15 September 1980, there
currently exists more than 1 year of time-coincident GOES-2/GOES-4
data. A detailed comparison of this data should provide a ycar-long history
of the effective depletion depth of the GOES-2 D3 dome detector, and thus
aid in interpreting the earlier archived GOES-2 EPS data. The GOES-2 EPS
data are part of a long term record of the electron/proton environment at
geosynchronous orbit. It thus appears to be quite important that a detailed
study of the GOES-2 EPS data be made, and suitable limits to the accuracy

~ and reliability of this data be established.
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