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Comparison of Data From the Low Energy
Electrostatic Analyzers on Satellite P78-1

1. DESCRIPTION OF THE PROBLEM

V= previousiy reported, ! tne low cnergy analvzer of Detector 1 on satellite
791 consistently returns significontiv lower counts than the low energy analvzer
of Detector 2, Tais has been observed in the reduced data from many orbits, The
vrablers does not exist mm the tign cnergy analvzers.

Uie four anadvzeres had boen tested witn four tritiun: rudioactive sources prior
to Lomen, Lwo sources were mounted on eacn of two holders in such a wayv that
toe =curee s OF exactlv over the shits of cacn analvzer of the two detectors, Tests
Lecn orun prror to o satellite integration vo compare the counts observed by each

ulbvcee, oo same tpe of tests were run on two other detectors which were also

bt T e Eove rsrt o, Houston, Texas, Inall cases, the response of the

Sornoer e Coo < enerpy conge agreed witiin 200, The problem can be due

s poo Mot i one o ot coannelt cons ol the tow encergy analdvier ot Detector )
ot o Goeopio cpceat ey ol dnat v zers Incitner case, thie geometric tactors
T li"‘ eoh frees b Napest 1endy
o, b ey e tude Pectron Detoctors on ~otellite PUG-1:
Trea 1 A Gl ~TR-01 13T, X T03sTT.
R P i . AL, o Huber, o0 aTey e 1’!‘(‘(‘11)1!.:*”1§

B e Thete ke s e o ohe Block S b lghts 2-5 DASE Satellite:
A‘l"in. N —'I‘i{-Tf'<0._‘10, XD ."\O«‘)T-';.\u.




can be corrected by comparing the four analyzers and the data is useful., The prob-

lem is resolved by making such comparisons.

2. EXPERIMENT AND INSTRUMENTS

2.1 Satellite Orbit

Satellite P78-1, launched 25 February 1979, carries high latitude electron
detectors. The satellite is in a circular, polar, sun-synchronous orbit (noon-
midnight meridian plane) at an altitude of 600 + 30 km, with an inclination of
©7.73°. The satellite consists of a wheel section, carrying the instruments, and
a4 sall section, carrying the photocells that power the satellite. The wheel section
spins at il = 1 rpm, .0 that the spin period is 5.45 + 0. 150 sec. The spin axis cf

the wheel section is perpendicular to the orbital plane of the satellite.

2.2 Instruments

Twa elec ron detectors are mounted in a single container so their look direc-
fions are 0% spart, Both lock outward {rom the rim of the wheel section. The
spin of tie satellite scans the detectors through all pitch angles in each spin period.
The twg detectors are identice! to those flown on the DMSYP satellites. The calibra-
tions used for the detectoirs wre found in Hardy et al. 2 The calibrations used are
e aversge of the values for Dotecrors 4 and 3 in that work, Each detector consists
of e curved plute clectrostetic analvzers with channeltrons, One analyzer of each
Aetector collects electrons in the energy range of 30 e\ to ~1 ke\ and the other
nalvzer of each detector collects electrons in the energy range of 1-20 ke\', Each
snalvzer s eight energy channets. Al four analvzers are stepped through the
clght cnnnnels simultaneously every 256 msec. Thus, cach set of analvzers pro-
“ices fone 1b-point spectra in gust over 1 see or ubout 22 spectra in each vehicle
sodrstiens The lead dezector an the vehicle rotation is called Detector 1 and the

detoctor following by 407 is called brtector 2,

3. COMPARISON OF RESULTS

Sinee the feg detectors are 07 apart, oo comparison cun best be made when
Boetn ol hers ave near 450 paten angle o the northern hotaasphere or both are near

Soopitch anele i the <outhern hemidsphere,

Dt e e Dregn o it rent satedlite orbits, narmely, 220, 438, 330, nd
ool the vueern e giens wnen the counting s =ufficient] s high, Data
LN toe Serree gt angae hins:
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a. When the stated values of the pitch angles of the two detectors,
pa ! and pa 2, differ by 2° or less,

b. When the difference is greater than 2° but less than or equal

to 10°, and,

When the difference is greater than 10° but less than or equal

to 20°,

Three comparisons are made. The integrated number flux, J

[¢]

tot’ is used to

compare the two low energy analyzers (Channels 1-8). Whenever Jtot for the eight
channels was less than 2 x 10' e em 2 sec™! sr7l, the counts were very low, gave
poor statistics, and so were not used. The second comparison is of each channel
11-8) of one detector with the corresponding channel of the other detector. The
third comparison uses the differential flux values, dJ/dE, of both detectors for
Cuannels 8 and . Channel 8 is centered at 0, 974 keV and Channel 9 at 1.000 keV,
Since *hey are verv nearlv at the same energy level, the differential fluxes can be

conipared.

31 Jtoi Values, (hannels 1-8, Both Detectors

Data from all four orbits are used for each pitch angle bin. Orbits 330 and 959
oecurred during fairly active I\'p periods while orbits 220 and 438 occurred during

moderate Kp periods,

In this section Jfo’r is calculated for each time period for both detectors by
_ dJ .
J!‘()* = I Al.i . (1)
i=1 i

As can be seen in Eq. (1, only Channels 1-8 are used in the determination of J,
;
since .« comparison is being mude of the low energy analvzers onlv. The ratio of
J ft\i_’)
. 0 . . .
[letector 2 1o Detector Tvalues i written 4s T and is determined. Values arve
| ’J‘of(l

found for wll three pitch angle bins wnd the average of all values in each kin and in

st orkit ave caleulsted,  Table 1 lists the results showing the number of samples,

Joot2)
, . . tot — . . . .
n: e verage value of the out - x: and the standard deviation »f the ratio, s.
ST T e o 1¢ tl(:T—(TY s he s ,
tot
The results of ol piteh ingle bins ind 1ll four orbits are in good igreemoent
d,0,02)
+0)t

and give nn overall average value for all cuses of

7 b 540 for 314 samples,
ot
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Table 1. Average Values of%-n for Several Orbits

tot

(J, , Values are for Channels 1-8 Only)

tot

Case A, |pal-paz2l=2°

Orbit

220 438 530 959 Total

n 12 4 17 2 35

X 1.614 1.651 1.578 1.425 1.590

s 0. 182 0.079 0.272 0. 093 0.221
Case B, 2° <|pa 1l - pa 2| < 10°

n 35 14 68 19 136

X 1. 650 1.622 1. 650 1.682 1.651

s 8.179 0. 165 0. 209 0. 224 0.198
Case C, 10° < |pa 1 - pa 2| = 20°

n 13 13 69 18 143

x 1. 606 1. 648 1.638 1. 734 1.642

0. 104 0.172 0. 361 0.274 0. 204
Case A+ B+ C

n 90 31 154 30 314

X 1. 624 1.637 1. 637 1.693 1. 640

s 0. 186 0. 156 0. 202 0. 249 0,218

3.2 Comparison of Fach Energy Channel (1-16) of the Two Detectors

As o second technique, we compared the counts for cach energy channel of the

two detectors.

Tible 2 shows the ratio of the count= from Detector 2t the conane

nf Detcetor 1 for ench of the 16 energy channels, Fighty-eight samples wore u=d

from Orbir 2206 far Channels 1-6 and 40 =armples we re vsed for Channels =160 1t

¢ be seen that in the lower energy analyzers, the lowest average vty dsin
. . »

Channel 5 01,5

T and the highest value s 10 Channed 41,6500 The wover o o

JE vidnes of Chonnels 1-8 18 L6190 Phe rotios tn 0 ennels b e e 00
o 1L DR nd the ceverage ratio tor these chanbels s 102200 Do, U e
g sl er- are in excellent agreement,

Pigure o shows oosampte of thae diftorentoal spoecd s tor e b e eood !
LAREE R P S i+ s b seen Bt A s e et ot '
B on s re ot s res ents B coereetne Hee S - 0T e
1 Pheoecproang cner vk ne D0 D s s bt r ot e e
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third spectrum. This gives good agreement with the lower energy portion of the
spectrum from Detector 2.
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Table 2. Ratio of Counts for Each Energy Channel,
Both Detectors

Cts (Det 2) Cts (Det 2)
Cis (Det 1) Cts (Det I}
5 Ch 1 1644 + 0. 165 Ch 9 1.017 + 0, 189
1 2 1.652 = 0.234 10 0.989 + 0. 120
3 1. 609 + 0, 267 11 1. 000 + 0. 137
1 4 1.655 ¢+ 0. 160 12 1.043 + 0. 189
;‘ 5 1.594 + 0. 159 13 1.0086 + 0, 148
; 6 1.592 £ 0,199 14 1.020 + 0, 176
: 7 1.579 + 0,242 15 1.011 + 0. 180
8 1.626 + 0. 157 16 1.086 + 0,223
&
b
’ 10?
! i % é 530
{ . \ 83,644 SEC UT
: | \\ y 0——— 0 DETECTOR |
Q 0—~——b DETECTOR 2
,
4—————s DETECTOR | CORRECTED USING
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Figure 1. Electron Differential Energy Spectra of All Channels From Both
Detectors
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3.3 a‘!% Values for Channels 8 and 9, Both Detectors

Orbits 220 and 530 are used to obtain counts for Channels 8 and 9 from both
detectors. Thirtvy samples are from orbit 220 and 40 samples from orbit 530.

Since Channel 8 is centered at 0. 974 keV and Channel 9 at 1. 000 keV, they
should count nearly alike. In addition, Channel 8 on each detector should be nearly
equal, as should Channel 9 on each detector. The question arises as to whether
the low energy analvzer of Detector 1 is counting low or that of Detector 2 is counting

high. This question can be resolved by these comparisons.

8
It can be seen in Table 3 that the 1'atio<83) of the differential flux values,
1
9

dJ/dE, of both channels is 1.639 and the ratio R’%) of the dJ/dE values is 1.611.
I3oth of these values adgree very wellqwith the r)v%ratl average value of 1,640 from
Table 1. In addition, the ratios, ( T\‘?‘) and ( 8_i> ol the differential fluxes are
vlose to unitv. Therefore, Channéls 8 and 9 on I);tcctor 2 agree well with cach
sther and with Channel 9 on Detector 1, However, cach of them is higher than
Channcel 8§ of Detector 1 by a factor of about 1.600, This indicates that the low
enerey analvzer Channels 1 through 6 of Detector Togive counts that are low by this

aetor,

Table 3., Comparison of Channels 8 and 9,
Both Detectors

BB . -
5_%‘7 Ratio Rev 220 Rev H30 Overall
8, 8, 1.615 1. 650 1. 6349
o ‘51 1,011 1,079 1. 057
Y ::l 1,712 1,567 1.611
", H‘) 1,072 1,025 1. 036
T

Irow= obseroe g the cnrly aata tron, the clectrogr o analvzers of <sateint
[reon b o thyee ,i‘ LR FURETEF S EE RTINS TRTRUPES NS SHNR SERVAPS EFRT PRSP S EONUE SUN N STU TSR R I FRS RV RSt
Vo

Cheer bt et Dow s i 0 o o pedaroe toy et [ESER LIS KRR AT R TR PR IR

oot =, I s obiser e gt e oS s ror the ctant chanmed- o the i et
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low energy analyzer were substantially lower than those from the eight channels of
the Detector 2 low energy analyzer. The high energy analyzers were in good agree-
ment in all channels (9-16).

In discussions with the designers and builders of the instruments, 3.4 the con-
clusion was reached that either one or both channeltrons in the low energy analyzer
of Detector 1 was inefficient and gave a lower count than it should, or the problem
was in the electronic circuitry of that analyzer which made the counting inefficient
in all eight channels. In either case, the geometric factor of each of the eight
energy channels was affected, causing a lower count than normal by a certain factor.
In this report, the correction factor for the low energy analyzer data of Detector 1
is determined, to make all data useful.

Several orbits of data are analyzed and each analyzer and energy channel are
compared when the two detectors are at or near the same pitch angle value, at
which time they should read alike.

Three comparisons are made and all agree that the counts for all eight channels
of the low energy analyzer of Detector 1 should be corrected by multiplying the
counts of that analyzer by 1.6, If this is done, then the calculations of the differ-
ontial flux dJ/dE, the integrated number flux Jtot’ and the integrated energy flux
J

“Etot
The data are usable but must be corrected as just noted.

, will be performed in the same manner that they are for the other analyzers.

The data used in these calculations came from orbits that were early in the
flight of P78-1. Some orbits, from several months later, will be analyzed to see
if this correction factor for the low energy analyzer of Detector 1 remains the same
r has changed, If the correction factor has changed, it will have to be updated at

various intervals during the flight of P78-1,

3. Pantazis, J., Huber, A., Hagan, M. P. (1877) Design of ‘Electrostatic Analyzer,
APGL-TR-77-0120, Al 042564,
4. Huber, A, Pantazis, 0., Besse, A, L., and Rothwell, P. L. (1977) Calibration

ot the SSJ/3 Sensor on the DNSP Satellites, AFGLL-TR-77 -0202, AD A035007




