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SPECIFICATIONS FOR PIONEER PHA DEAD TIME CORRECTION

The purpose of PHA dead time corrections is to derive a 'true'
rate of occurrence of PHA events based on the actual measured rate
of occurrence in the data. Clearly there.will be some cases (e.g.
very low bit rate periods or periods of very high counting rates
such as during solar flares when nearly every PHA is non-zero) in
which such a correction is not possible.

HET .

e—

The following notafion will be used for event types and priorities:

EVENT TYPE LOGIC CONDITION
0 A, AZBCIII
L AgBCITI :
R 2 (A2Kl + AlCI)BEfI_f
3 AIBKZEI_I

The priority orderings will be designated as follows:

PRIORITY NO. 3 2 1 0

EVENT TYPE 3 221 O

ORDERING 2 3 3 3

11 2 2

0 0 0 sZL
The relationship between the priority no and the value of the non-

sectored subcom word occurring in the middle of priority sequence is

PRIORITY No. SUBCOM WORD (E1-30)
3 | 0
2 2
1 4
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In the following it will be assumed that in the program all variables
accordin 4

will be subscriptedAto bit rate. This subscript, however, will not be

written down in the following. For all variables that are doubly

subscripted (again neglecting the implied.bit rate subscript) the first

index will represent the event type and the second will be the priority.

We define the following quantities:

th h

11

ij = no. of i event types occurring during B priority
Mj = total no. of readouts (including both null and non-null
events of all types) occurring in jth priority
2. = ' .th . .th
ij = measured rate of occurrence of i event type during j

priority
T f readout time for PHA events (note that this will vary inversely
as the bit rate)

Then the measured rate of occurrence in the data of PHA event types is:
, -
= N..
R, .= ij

1]
MjT

sompe e

We define the quantity %45k as follows:

RS s e g

For i # i a =14if k> i or if k = j

{3k
* 0 otherwise

1 4f k = 4

For i = j a
‘ 0 otherwise

ijk

As we have defined it, e = 1 for all event types k whose priority .

th event type when the jth priority ordering is in

LN o 8

is higher than the i

effect. Some examples of the use of oy 5 are as follows"

5
&
E
Hpi

3
1 = 1 ! 1 v

3
1
io %ok Ry

1 1 -
. Ry, + Ry, v
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Using the previously defined notation the true rate of
occurrence of PHA events Rij is given by:.

R, = -1[inf1 - Rp, ﬂi : (ﬂ

1] T
1—£a
k
Loy w0 R‘”J

In the PHA summary plot program for each bit rate present during

the summary interval there shall be displayed three 4x4 matrices.

These shall be respectively the Ni" R' , and Rij arrays. For a
1]
particular bit rate the display shall look as follows:

(a) (b) (c)
NUMBER OF EVENTS UNCORRECTED CORRECTED
PHA RATES PHA RATES .
FRICRITY

0 i 2 3 3 ¢ i 3 g4 2 3
o N°0 IJOj ‘NQ) NO3 ;ONG; 6 [‘00 ' poz la’ O f(&o F‘?Di I?Q)_ ,?gj R i Ag(}
’ ~ IV,»O Nu Nu N,x} 'fNJé | Rlo st { /’?,-o Ru ['\2'). ‘?13 R’ t A’Q,
PR RTINS 2’%32"”"{0""' 21 - ~he o inﬁﬂ
3. -, ~2i‘/¢3l' -~ L 3 s “ . - - - R;iAQ‘S

t o Zf Z‘é 2;«1@3
Fig. 1 R:ﬁ

Referring to equation (1) we see that if the quantity Xq = i - Eo( ”Rk
.. | | g

is >jthen Rj is not defined. Note that if 3,3 2 o, kl"?& (L ___i

the quantity X _ is infinite. The program shall check to see if 5;1; = 1.
. ij = : J

If the equality holds thén Rij shall be set equal to -1. The quantity

Xij shall then be checked to see if its value exceeds 0.75. If this is

true then Ri' shall also be set equal to -1.

The values of M  for j = 0,3 shall be displayed for each bit rate
J : : '




-
and shall be labelled "TOTAL READOUTS".

The error in each of the dead time corrected rates is given by:

; -~ 1/2
R:.
AR, , = ij .
ij L;‘T(l—sgjr)[l—(Rij + Sij)r]

e
f 3
; where §!, =2 o i R' 1
| 0 k=0 R k3
|
‘ The average rate (over priorities) for the it event type is given by:
R, = L Ri'/(ARij)
3=0 J -where where those j values
3 9 for which Ri' = -1 are excluded
T (1/AR%)) from the suim?
j:o lJ

The error im the average rate is given by

Aﬁ, - 1 -}1/2

™
'3 l/ARi.
e
a

In addition to the arrays for each of the bit ratesgsummary over all

6 o e s

LAWY B g

bit rates in the format shown in Fig. 1 shall also be displayed. For the
a
array in Fig. 1(a)fsimple sum will be displayed over all bit rates present
during the summary interval. For Fig. 1§ an average over bit rate (denoted
<= ! i
by < R,é e SpERij M

I M,
br 3

c g

where bZ denotes summation over all bit rates.
T :

For Fig. 1(c¢) the average will be taken as follows:

B
s
€




=M

>

=l
~

— . )
) i \
<AR\/‘ - / |
B AN
-b.’v ‘\{‘
where again those bit rates for which a particular Rij = -1 are elimi-

nated from the sum for that particular i, j value.

LET-I

- Exactly the same procedures and calculations shall be done for
LET-I as have been done for HET. The only difference is that there
are only two event types and priorities rather than four as in the

case of the HET. The priority orderings are as follows:

PRIORITY
1 0

No. -
EVENT 1 0 %
TYPE

ORDERING 0 1

The relationship between priority no. and the non-sectored rate

ID in E1-30 is as follows:

PRIORITY No. E1-30 %
1 0,4 ’
0 : 2#,6

]
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Pioneer 10 and 11
Goddard/U. New Hampshire Cosmic Ray Experiment
Jupiter and Saturn Encounter Data

Instrumeﬁtationi'

This experiment consists of a set of three solid-state telescopes, each
designed to complement the others and‘to cover a broad range in energy,
intensity and charge spectra. The three telescopes are shown schematically in
the attached figure; they are the high-energy telescope (HET) and two low-
energy telescopes (LET-I and LET-II). The HET and LET~I are designed
primarily for measuring the relatively low fluxes of cosmic rays in
interplanetary space. As such, their geometry factors are relatively large,
and they cannot tolerate fluxes » 2 x 104/cm? s sr. Their usefulness is,
therefore, limited to the outer regions of the Jovian magnetosphere (> 20
RJ)' They are, however, high-resolution double 4E/dX vs. E instruments that
provide unambiguous particle identification and precise energy spectra, so
that their contribution to the overall body of data is quite significant.

The LET-II telescope was designed to measure low=-energy solar flare
particles in interplanetary space and trapped particles in the Jovian
magnetosphere. It has a relatively small geometry factor (1.5 x 10~2 cm? sr)
and can readily measure fluxes up to ~ 5 x 105/cm? s sr. It is surrounded by
a colimator and shield which will stop electrons up to ~ 4.5 MeV and protons
up to ~ 40 MeV. The telescope employs a two-parameter analysis technique to
separate electrons and protons. The front element SI has an electromnic
threshold that is set so that any electron penetrating to SII is below
threshold and any proton penetrating to SII is above threshold. Selected
counting rates in all three telescopes are divided into eight angular sectors

to measure particle anisotropies.



A major effort has been:devoted to understanding the response of all

k  detec;or systems in the presence of intense particle fluxes. The onset of

| saturation in the LET and HET systems is abrupt and well defined. Negligible
corren?ions aFe ngcegsary prior to thiS‘saturation point.

Theré is .significant overlap in the response functions of the three
telecopes, and it was of great value to observe the consistency between flux
measurements made with nompletely different detector systems. For example,
the LET=-I and LET-II proton data in the 0.5~ to 2~-MeV region are in excellent
agreement. This finding is especially helpful in the outer Jovian
magnetosphere where the nuclear component is small (1-10%) in comparison with

electrons of the same energy. A complete description of this instrument has

been published in the IEEE Transactions on Nuclear Science (Stilwell et al.,

1975). The energy and charge ranges of each telescope ;re summarized in Table
1.

Since the Goddard/University of New Hampshire experiment was primarily
designed as an interplanetary experiment, its telemetry assigmment was minimal
during the Jupiter and Saturn encounters. Consequently, individual pulse
heights were sampled infrequently, and most of the results have to be based on
rate data. This leaves some ambiguity about the type of particles responsibie
for the counts. This problem arises primarily in identifying protons vs.
alpha particles and heavier ions. LET-I and LET-II respond differently
because of the aluminized mylar foil in front of the LET-I detector. On this
basis, ‘it has been concluded (McDonald et al., 1979) that the nominal 'proton
channels" respond primarily to protons at Jupiter; however, some admixture of
heavier ions 1s clearly present and the amount is time dependent. It is hoped

that further analysis can narrow down the uncertainty.



“ 5 y“])at’a have

Trbgzn §;cl;é¢qfanlyifor periods when the detectors operated in
ﬁv;'éﬁiéQdeéiéﬁigéﬁgé;‘1iﬁis;exciude; the inner magnetosphere. At Jupiter!,the,,
2 dé#ééfosgweré hegviiy satﬁréted‘in this region, while at Saturn a very.

i péﬁet?atipg rgdiatioﬁ:prevented a clear identification of the type and energy
: offthe;particies fesponsible for our counts. Some of the published results
from ﬁhis'expérimént.fequired extensive corrections for deadtime, accidental
coincidences and anticoincidences (Trainor et al., 1974; McDonald and Trainor,
1976; McDonald et al., 1980). These corrections can be applied only on a
case-by-case basis after careful study of the environment and many self~-
consistency checks. They cannot be applied on a systematic basis and we have
no computer programs to do so. A special problem arose during the Pioneer 10
out pass from Jupiter. Radiation damage to the digital logics decreased the
margins in these circuits. Although most of the data ié good, certain bits
failed to reset every now and then. For 15-minute averages, this effect can
generally be ignored; but the user should be aware that a few points are off
due to this problem. If a user is interested in data not included in this
submission or has special questions, the experimenters will be glad to

consider requests if the desired information can be extracted from the data.

Description of the Data

In the following rate definitions, individual detectors are identifiea by
the same symbols as in the attched figure. Any subscripts refer to different
trigger thresholds on that deector (SIIA is an annular guard detector in LET-
II which is not labeled in the figure). Several detectors defining a rate are

in coincidence unless a bar over the symbol indicates that the detector is in

anticoincidence.



(2)

(3)

(4)

(5

W

.AZ‘Ratéﬁk(gétu:n_only) gives the counting rate in a 2,5-mm thick Si
 déteptor with an area of 3.0 cm2, Since the threshold is set at 2.01
.;nev, it responds primarily to energetic electrons; however, the

_effective solid angle and detection efficiency are not well known. This

rate is given for Saturn because the more desirable coincidence rates

suffered from excessive accidentals (note AZ is identified as A2 on

. tape).

Al‘AZ B CI Rate (Jupiter only) gives the flux of electrons with a range

between 2.5 and 5.0 mm of Si which deposit less than 2 MeV in the front
detector. The electron energy falls into the range of about 1.8 to 3.2

MeV (on the tape this rate is identified as Al.=A2.B.-Cl).

A1 A2 B CI CII Rate (Jupiter only) gives the electron flux with a range

of 5 to 10 mm Si; the approximate energy range of 3.2 to 5.1 MeV (the

rate ID is

Al.-AZ.B.Cl.-CZ) L]

A1 A2 B CI CII CIII Rate (Jupiter only) gives the electron flux with a

range of 10 to 15 mm Si; the approximate electron energies are 5.1 to 8

MeV (the rate ID iS Al."AZ-B.Cl.CZ."C3).

SI SII5 SITA SIII Rate gives the flux of electromns in LET-II which do

not trigger the 0.145 MeV threshold in the 50 y front detector and
trigger the 50 keV threshold in the 2.5-mm thick second detector. The
anticoincidence requirement with the annular guard counter SIIA and rear
detector SIII insures that the electrons stop in SII. Our calibrations
show that the 50% efficiency points occur at 0.16 and 2.0 MeV. If the
electron spectruﬁ is hard, this rate will also respond to bremsstrahlung

and electrons penetrating the collimator. The latter effect made the



. dominant contribution in the inner Saturnian magnetosphere; otherwise,

‘.}'it;is believed to -be small but 1s difficult to evaluate (the rate ID is

(6)

(7

8)

(9)

(10)

(11)

(12)

(13)

 251.52(5).=52(A).~53).

 §;'5116 SIIA SIII Rate is equivalent to rate (5) but with a 0.35-MeV

threshold in SII, corresponding to electron energies from 0.43 to 2.0

MeV (the rate ID iS ~Sl.SZ(6).—SZ(A).~S3).

ST SII7 SIIA SITI Rate is equivalent to rate (5) but with a 0.7 MeV

threshold in SII corresponding to electron energies from 0.8 to 2,0 MeV

(the rate ID is -~51.82(7).-S2(A).~S3).

SI 8118 SITIA SIIT Rate is equivalent to rate (5) but with a 1.0-MeV

threshold in SII corresponding to electron energies from 1.1 to 2.0 MeV

(the rate ID_iS “Sl-SZ(8)-“SZ(A).“S3).

DI4 Rate gives the flux of protons and ions which penetrate a 0,53-
mg/cm? aluminized mylar foil and déposits at least 0.60 (P-10) or 0.63
(P-11) MeV in detector DI of LET-I. (This rate is not given for the
Saturn encounter because of substantial electron contamination.) For

protons, this corresponds to energies from 0.84 to 15.1 MeV,

DI5 Rate is eqivalent to rate (9), but with a threshold in DI of 0.95

MeV corresponding to proton energies between 1.11 and 8.1 MeV.
D16 Rate is equivalent to rate (9), but with a threshold in DI of 1.45

MeV corresponding to proton energies from 1.6 to 5.1 MeV,

DI7 Rate is equivalent to rate (9), but with a threshold energy in DI of
2.20 (P-10) or 2.05 (P-11) MeV corresponding to proton energies from 2.3

to 3.6 MeV and 2.1 to 3.8 MeV, respectively, for P-10 and P-11.

DI DII E‘2 ;'Rate from LET-I gives the proton flux between 10.3 and 21

MeV for P-10 and between 11 and 21 MeV for P-11. A small correction has



been made for the contribution from alphas and heavier nucleil in the
same energy/nucleus range (the rate ID

iS DloDZ-EZo"'F - Dl.Dz.X D-EA."F)-

(14) SII-SII-SIIA-SIII Rate gives the flux of protons and heavier ions which

stop in the 50y-thick Si deteqtor SI and deposits an energy between 0.16
and 2.6 MeV. This corresponds to proton energies between 0.20 and 2.15
MeV (P-10) or 2.17 MeV (P-11). Detector SI is shielded by only 0.12
mg/cm2 of Al and is, therefore, relatively sensitive to low—energy

ions. At Saturn, the ion contribution 1s negligible; however, it may be
significant at Jupiter (the rate ID is

S1(1).-82.-~82)A).-S3 - S1(4).-S52.-S2(A).-S3).

(15) ST, SIT SITIA SIII Rate is equivalent to rate (1l4) ‘except that the

threshold in SI is 0.47 (P-10) or 0.5 (P-11) MeV, this corresponds to

proton energies of 0.50 to 2.15 and 0.53~2.17 MeV for P-10 and P-11,
respectively (the rate ID is

8$1(6).-S2.,~S2(A).~83 - S1(4).~S2.-82(A).~S3).

(16) 512 SII SIIA SIII Rate is equivalent to rate (l4) except that the

threshold is 0.74 (P-10) an 0.72 (P-11l), this corresponds to proton

energles of 0.76-2.15 MeV (P-~10) and 0.74-2.17 MeV (P-11) (the rate ID

iS 31(2).—32.—32(A).-S3 - Sl(&')o"SZ-“SZ(A)."SB).

(17) 513 STI SIIA SIII Rate is equivalent to rate (14) except that the

threshold is 1.2 MeV, corresponding to proton energies of 1.24 to 2.15

MeV (1.24-2,17, P-11) (the rate ID is

81(3).~52.-S2(A).-83 = S1(4).-S2.-52(A).-S3).

(18) s1 SII1 SITA SIII Rate gives the flux of protons between 3.13 and 14.8

MeV for Pioneer 10 (3.19-14.9 MeV, P-11) (the rate ID

is S1.82(1).-82(A).-83 ~ S1.52(3).-52(A).-S3).



—————ns  ————

(19) sI1 8112 SITIA SIII Rate is equivalent to rate (18) except for a higher

threshold and covers protons from 5.65 to 14.8 MeV for P-10 (5.68 to

14.9 MeV for P-11) (The rate ID is

81.82(2).-52(A).-83 - S1.82(3).-S2(A).-83).

Data Format ...

Time history of Pioneer Cosmic Ray Telescope data described above is
being submitted on 9-track tapes recorded at 1600 BPI, Tape marked PIOJUF
contains Pioneer—10 data, the one marked PIOJUG contains Pioneer-ll data for
Jupiter encounter and tape marked PIOSAG contains Pioneer-11l data for the
Saturn encounter. Averaging interval for all data is fifteen minutes.

PIOJUF and PIOJUG each have five files and PIOSAG has four files.
Contents of PIQJUF, PIOJUG and PIOSAG are described in Tables 2 to 4,
respectively. Each file consists of a number of Flux Time History (FTH)
records. An FTH record contains a count of the number of data items (NBIN)
whose time-history 1s included in the record, a count of the number of
averaging intervals (NINT) included in the record and definitions of data

" items included and time-history data. Table 5 defines the structure of an FTH
record iﬁ detail. These tapes were generated on an IBM System 360 computer;
thus, a word consists of 32 bits, half-word 1 is the high order 16-bit field
of the word and half-word 2 the low order half (bits 16-31, with the left-most
or MSB numbered 0). Characters are represented in 8-bit EBCDIC bytes, real
numbers are represented in the IBM single precision floating point format.
Length (in words) of an FTH record is given by:

200 + (3 + 2 * NBIN) * NINT.
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FILE

Table 2.

RATES

B CIL

=
SgENgINg

5 SIIA

6 SIIA

SII7 SIIA

ST SII, SITA

SII

ST
ST SII
ST

DI5

DI6

DI7

DI DII E, T

B CI CII

B CI CII CIII

SITI
SIII
SIII

SIII

SIl SII SIIA

SIII

516 SII SIIA

SITI

SI, SII SIIA

SIII

SI3 SII

ST SII1

SI SII, SIIA

SIIA

SIIA

SIII

SIII

SIII

Contents of PIOJUF

11/26/73

12/04/73

11/26/73

12/04/73

12/26/73

12/04/73

11/26/73

12/04/73

11/26/73

12/04/73

00:

22:

00:

15

00

22

00:

15:

00:

15

TIME PERIOD

00:00-12/01/73

AND
00:00-12/16/73

00:00-12/03/73
AND

:00:00-12/16/73

:00:00-12/03/73

AND

:00:00-12/16/73

00:00-12/03/73
AND
00:00-12/16/73

00:00-12/03/73
AND

:00:00-12/16/73

18:00:00

00:00:00

08:

00:

08:

00:

08

00:

08:

00:

00:

00:

00:

00

:00:

00

00:

00

00

00

00

: 00

00

:00

00

:00



FILE

S

i

ST
ST

51

SII

)
K;'B CI CII
A

Table 3.

B CI CII CIII

SIIA STII
SIIA SIII

SIIA SIII

ST SII_ SIIA SIII

DI

DI

4

5

DI

DI

6

7
DI DIT E. F

SI, SII SIIA

8

2

1

SI, SII SIIA

SIII

6

SIII

.SI, SII SIIA

2

SIII

SI, SII SIIA SIII

SI SII, SIIA SIII

1

SI SI1I, SITA SIII

2

Contents of PIOJUG

TIME PERIOD

11/26/74 00:00:00-12/02/74 16:00:00

AND

12/04/74 22:00:00-12/10/74 00:00:00

11/26/74

12/03/74

11/26/74

12/03/74

11/26/74

12/03/74

11/26/74

12/03/74

00

09

00:

08:

00:

08:

00:

08:

:00:00-12/02/74

AND

:00:00-12/10/74

00:00-12/02/74
AND
00:00-12/10/74

00:00-12/02/74
AND
00:00-12/10/74

00:00-12/02/74
AND
00:00-12/10/74

18

00:

16

00:

18:

00:

18:

00:

:00:00

00:00

:00:00

00:00

00:00

00:00

00:00

00:00



FILE

Table 4.

RATES.

ST SII. SIIA SIII

ST SII, SIIA SIIT

ST SII., SIIA SIII

ST SIIg STIA SIII

DI5

D16

DI7

DI DII Ez'f

SIl SII SITA SIII

SI6 SII SIIA SIiI

SI2 SII SIIA SIII

SI3 SII SIIA SIII

SI SIIl SIIA SIII

SI SII2 SIIA SIII

Conteéents of PIOSAG

8/31/79

9/01/70

8/31/79

9/01/70

8/31/79

9/01/79

8/31/79

9/01/79

00:

19

00

19

00:

19

00

19

TIME PERIOD

00:

:00:

: 00

:00:

00:

:00:

:00:

:00:

00-9/01/79
AND
00-9/04/79

:00-9/01/79

AND
00-9/04/79

00-9/01/79
AND
00-9/04/79

00-9/01/79
AND
00-9/04/79

13:

12:

13

12:

13:

12:

13

12:

30:00

00:00

:30:00

00:00

30:00

00:00

:30:00

00:00



Table 5.

STRUCTURE OF FLUX TIME-HISTORY RECORD

WORD HALFWORD TYPE
,,,,,,,,,,, I /““"jf:;;= \\\
. 1 A Integer \\\
/ e - ‘
40 U Integer |
'y . , - . 1
3-35 character Jj
36-68 character
69-101 character
102-134 character
135-167 character
168-200 character
NBIN <
201~
NBIN =
201~-233 character
234~

DESCRIPTION

Number of data items contained in
the record (NBIN).

Number of averaging intervals (NINT)

132-character

. contained in the record.

title identifies

satellite and gives the start time
of first averaging interval and last
averaging interval in the record.

132=~character
data item.

132-character
data item, if
not used.

132-character
data item, if
not used.

132=-character
data item, if
not used.

132-character
data item, if
not used.

5

‘NBIN > 2.

description of first

description of second
Otherwise,

description of third
NBIN » 3. Otherwise,

description of fourth
NBIN > 4. Otherwise,

description of fifth
NBIN > 5. Otherwise,

NINT Averaging Interval Entries

(AIE).

The structure of an AIE is

shown in Table 5.

6

132-character description of sixth

data item.

NINT Averaging Interval Entries.



Table 6. STRUCTURE OF AVERAGING INTERVAL ENTRY

WORD HALFWORD TYPE DESCRIPTION
1 1 Integer 2-digit year
2 Integer month of year
2 1 Integer day of month Start time
2 Integer hour of day of averaging
B interval
3 1 Integer minute of hour
2 Integer second of minute
4=— Real NBIN FLUX entries. Each FLUX entry
(3+2*NBIN) is two words long. If the second

word of the entry is -1.0, data for
this item is not available:
otherwise the first word is the
value of flux and the second word

contains the associated statistical
error.
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The GSFC experiment on the Pioneer spacecraft consists of the "Cosmic
Ray Telescopes" and their associated electronics.

1. High Energy Telescope (HET)
2. Low Energy Telescope 1 (LET-1)
3. Low Energy Telescope 2 (LET=2)

The data derived from these telescopes are of two basic formsy

1. Pulse Height Analysis (PHA)
2. Events per second (rates) . *

The solid state detectors comprising each of the three telescopes are shown
in table 1.

HET LET-1 1ET=2 -

A DI SI

B DII SII

CI E S1Ia
CIi F SIIT
CIII

Table #1 Solid State Detectors Names

The charge liberated, in the detector, by the passage of particle is
summed in a charge sensative preamplifier which produces an output voltage
pulse whose height is 11near1y related to the incident part1c1e energy loss
in the detector.

The output of the preamplifier is then passed through a post amp where
it is piven the optimum realizable shape for discrimination and analysis while
prcaernlﬂg the amplitude-energy relationship.

The pulses out of the amplifier are fed to their associated linear elec-
tronics card where they are differentially buffered andapplied to a host of
amplitude dl;@flﬂlﬂ&tOtS;x The nominal detection threshold for each of the
dxqstanaLnrs ig shown in Table 2.

HET : IET-1 TLET~2
Discrim. © Threshold (MeV) Discrim. Threshold Discrim. Threshold
Y 0.2 DI 2 ST .15
I 2.0 DI 2 ST 15
f | . SN TR L35
. .94 . .05
. 1.4 . .5
* 2.0 » 1.0
B DIg 3.0 Sig 1.5
Ct DI1 .2 S1I .06
c11 ¥D  S4. 114 2.8 4
. 9.5
i ‘ . .70
CI1T 0.2 El . SIIg 1.0

2.0
K1 13,6<T<36 E2 9.0 Sila .2



Table 2 (cont.)

HET LET~-1 LET~2
Discrim. Threshold (MeV) Discrim, Threshold Discrim. Threshold
M2 57<T<150 E3 9.0 SIII 1
E4 40.0
F .2
f”}
''''''' = A+B+1.8 (CI+CII)

It can be seen that Al, A2, El ....E4 are separate and simultaneous
discriminations while DI1...DIS8, SII....SI8, and SIIy...S5I8 are programmable
discriminators. These programmable discriminators are slaved either to the
telemetry frame rate or to the spacecraft roll rate.

In order to examine as largea portion of the Cosmic Ray Spectrum as pos-
sible, and to distinguish between the various species therein, the experi-
ment has built in an elaborate scheme to share it's 32 available rate counting
channels and six PHA channels. This is done by imposing coincidence/anti-
coincidence requirements upon the pulses appearing in any telescope. These
requirements are now discussed on an individual telescope basis.

HET SYSTEM

PHA Data
There are four separate coincidence conditions which will initiate a
ulse height anal sig. 'They are: I S
p! g y y /s | . a0l NE
/ DA kS A e
1) (AzKl or Ach) BCIII = .~ vV

5 2) ABKp C;II
© 3) Alh, BCIII
| 4) A, BOITIL

Since thro are five detectors to be analyzed and the experiment has only
three chammels, call them A, B, and C, the available channels are shared as

’ follows: If either of the first two coincidenrr ronditions cause the analysis,
i "CITT has no pulse, therefore; channel A contains t! analysis of detector A's e @m
: ‘pulse, channel B the analysis of detector B's puls«, while chanuel C contains

.
{Mﬁtho analysis of the sum of the pulses appearing in detectors CI and CII &wo. IJQQNM%Waﬁ

4&@1qﬁ? coincidence conditions which causesthe analysis, CIII has a pulse Channel A is
b switched to analyze this CIII pulse. The other channels produce the same
analysis. :



The THA's are of the linear, capacitive discharge type, using a gaced
delay line oscillator to produce a string of pulses whose frcoquency is 666 KHz
and length (Channel #) is related to incident particle energy as follows:

A' 0.2 MeV/Channel
B, 0.2 MeV/Channel
CI & CII 1.0 MeV/Channel

CIII 0.2 MeV/Channel

In order to enhance the number of rare particles analyzed, a priority
system is built into the HET system. The priority assigned to the four event
types is a function of the telemetry frame and is changed every 64 frames as
shown in Table 1H.

NIAL

Sl Iaté«r REMARKS
ST |12 | T3 ST IR e
- e C G SYSTEN WL AZCERT A ANe CTIL YOI AMIMNYTNS .
rltcy ¢ | ACCEPT f\;”:zr‘.v/.“}l PEAITEATIR I3 v —_
- ; N c ol ACCERT AzE 27T AS MANY TIMES AS \T APPEARS o%(AvKnA\C)F‘a:I y
oo by ACCEPT (Acf\‘w\\cqaik. AT MARY TIMEZ AS T AFFEARS “’f AEKzZ \_.‘;'
Coa | 1 1.6 f’rg s it\ﬁ:\:_:f AMER2 T WAS ACEPRTLD FOR ANAYLBZ 2
BUT NO MOUEE OF THITET ZVENTS WILL .8 ACEFTED. PHAN'S
FEMAIN INAITIVE ONTIL COMPLETION OF THE NEXT READ-
ST,
c C 0 O m:di:;f Ay RKe BCTIT
oo PLTERT AR =TT _
S0 IR B O CEFT Ax BITIL AS MANY TIMES kS T APFEARS OR AVRKR S
N BRI ACCERT &,5 72 50 AS MALY TIMES AS IT APPEA S OR (A2¥ tAC Y32 TT
ol el ACCEPT (Azk +ACT) RO AS M TIMES AS T APPEARS .
v o] ool sz afiECT
| ool RES e R e 1) T
| O | ! ACCUTT Lk +A,C I\« m A3 MANY TIMES AS T AFPEARS ORAE Kzai:.;
i | { | ACCEET A BK: CTT AS MANY TIMES AS IT APPEARS OR A2BCTT
| I OO ACLERT 22RCTIL AS MANY TIMES ASIT APFEARS
| o . O ALCERT A BCIT /19 wwwa%vﬁif
L o ] ACZERT (R K+ A CT) BT |
| ¢ ! ACCEPT A, B Ka 211 :
| Ul | ACCEPT A B X2 (I AS MANY TIMES AT T APPEARS, OR A, e &CTIL
el o CEPT ARRECTT AS MANY TIMES AS IT  ATPEARS
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A

To uniquely "tag' a PHA event it is necessary to readout the 'Seq. I.D."
and "Extcrnal I.D. bits" shown in table 1H., "Internal ID bits' is not read
out but this does not produce an ambiquity. Referring to table 1H for 51=52=0;
If I1=1 and I9=0 (lowest Priority) the event is the last AZBCIII event en=-
countered {(note that the system will continue to accept new A2BCIII events
without shanging ID bits). If I3=0, Ij=1 the event is the last (A1BK2CI)
BCIII event encountered. If I1=I2=1, (highest priority) the PHA's contain
the first A;BK2CIII event encountered. Table 1H may be read in similar

-~ fashion for the other three combination of S1 and S2 where, it is seen,

the priorities are reorder for each combination.

As a further aid in determining the species of particle analyzed the HET
electronic produces a 1 bit of the CIT threshold has been exceeded which is
also read;out in the associated tag word.

To meet the scientific objective of the CRT some indication of the direction

of the incoming particle is also necessary, Therefore, for each PHA event an
indication of the orientation of the spacecraft (one of eight possible sectors
is also placed in the tag word of PHA event.

Rate Data

The HET system has assigned to it, 9 accumulators (Ry-Rg) exculsively and
shares 8 accumulators (SR1) on a fifty-fifty basis with the LET~1 system. (See
Table 2H. _ . ‘
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Referring to Table 2H it is seen that: only rate 1 is not commutated,
rate 9 is commutated between four rate equations by the bit labeled A/B,
and SR1 is commutated between two rate equations by the bits S$S1 and $S2. All
other rates are toggled equally between the two rate equations shown in Table
2H by bit A/B except rate SR1 which is controlled by bits SS1 and SS2,
' Bits A/B, S1, and S2 are derived in the experiment data system and their
periods are bit rate and format dependent i.e. A/B changes every 32 S/C frames
in format A, every 64 frames in format B and A/D, and every 128 S/C frame in
format B/D. S1 changes every other A/B and S2 every other S1. (Standard
binary ripple through counter)

Bits SS1, 8582, and 883 also come from the data system but in normal
opervation are simultaneously bit rate, format, and 5/C spin rate dependent.

See data system section for operation of Sector Synchronizer. For the
present only note that in normal operation the S§S1, 852, and SS3 bits may only
change after an integral number of S/C revolutions. Again SS1, $S2, and SS3
are generated in a binary ripple counter.

~1 SYSTEM
PHA Data

There are two separate coincidence conditions which will initiate a
pulse height analysis. They are:

1) DIDITF _ .
2) DIDIIEZDF

In LET~1 there are fpur detectors. Since only three channels (again A,
B, and C) are .available they are assigned to detectors DI, DII, and E respec=~
tively. Since the abolie? PHA equatlons require detector F to have no pulse
nalﬁ;nn is lost. The LET-1 PHA's, like the HET PHA's are the linear, capac~-
itivé descharge type using the fatcd delay line oscillator to produce 66 KHz
chantiel address advance pulses. The channel number is related to incident
1o energy loss in each detector as follows:

©DT = 0.1 MeV/Channel
DII - 0.1 MeV/Channel

E ~ 1.0 MeV/Channel

The 1FT~1 A system is, like the HET system, priority oriented. The
LET-1 evatoon opevales in response to the 81 bit as follows:

S1-0 “nalyze either type of event as often as they occur.

$1=1 anolvze DI DII F type events as often as they occur until a DI

NT1 ©D event occurs, then analyze only the ID events until data 1s
readout .

The 51 bit is the same bit that was applied to the HET linear electronics
and hence, changes every 64 S/C frames.



Rate Data

The 1ET~1 system is assigned four rate accumulators exclusively
and shaves 8 accumulators with the HET system on a fifty-fifty basis
and 1 accumulator is shared with the LET-2 system on an equal basis.
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Table 1L1 shows that rate 10 is the accumulation of an integral analyzer
which is commutated through eight levels by bits A/B, S1 and 52, 11, 12, and
13 are qommutated two ways between the indicated rate equations by blt A/B.
Rate 14 has & levels f communication in the LET-1 system and another four in
the LET-2 system for a total of 8 levels of commutation controlled by bits
A/B, S1, and 82, SRl is commutated through the lasttwo, of four levels, by
. bits 881, and 882. The other two comutator positions are assigned te the HET
system.

IET~2 SYSTEM
PHA Data
There are no pulse height analyses associated with the LET~2 telescope.
Rate Data

Three rate accumulators are dedicated to 1ET-2 data while one accumulator
is shared with the LET-1 system on a fifty-fifty basis. (See Table 112.)

Table 112 shows that R14 is assigned to IET-2 for the last four of it's
eight levels of commutation. The commutation of R14 is controlled by bits
A/B, S1, and S2 from the experiment data system.

R15 and R16 are commutated through four levels each, as shown in table
112, by bits A/B and S1.

The sectored accumulator SRZ is switched between eight rate equations
by bits §51, 8§52, 553, from the data system,

Sectored Rate Accuﬁulators.

SR1 and SRZ, -in ‘addition to being commutated through their respective
energy levels, are dlrectlonally resolved into eight equal sectors of 459,
The sectors are genpgrated as the spacecraft spins with the first beginning
at the time fo the xoll index pulse. Each sector is assigned a separate accum-
ilator.
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The Pioneer spacecraft data formats for format A and format B are
shown i Figs. D1 and D2,

1 2 3~
g prr | *°
ID D FRAME SYNC
B 17 1 P 13 s/ /7 115 16 7
ffﬁy’ yd /f
s , . ‘.// c / Fa E /
‘ P / L /
17 . A1 19 I 20 21 22 I 23 I 2y
Ea ’ Ca
- : | | | | |
25 26 127 | 28 29 P30 | 3T [ 32
Ca Da
e | | l
33-24 3L4-36 37-38 AN R
FORMAT SUBCOM ENGINEERING | ™. “SCIENCE. ™.
iy ID SUBCOM o SUBCOM-. T
0 ?42 ff jgga S 'Ayﬁ gf 45 Tug q; - ’3487
/ M"’f; 4 A f'f pfi
y Eb/ a4 f/”, Aa
| { 2 &£ /7 v + |
49 150 G P52 53 54 55 Ise
Aa Ga
) | | | | |
57 58 's9 160 I61 V62 63 feu
Ga Ba
i I ! | I |

Fig., DI

S/C Mainframe format A



~11-

i 34
‘ BIT
HMODE RATE FRAME SYNC
ID ID
10 T1 T12 [13 v / )z I;» T 7
Fa j/////l//</<}
| ! /‘ff s v
P i3 19 20 {21 22 2 “
Ea/:;, Ca
v | | | |
: 26 127 128 29 ELY D! 32
Ca Da
] ! ‘ | {
FRRER 34 36 37-38
FORMAT SUBCOM ENGINEERING
D ID SUBCOM
* fu2 Fys oy is Tue
F a Aa

| | | + |

Iso I's1 52 53 54 55 I'se
| Aa Ga !

| | | | i

58 EE) [ 60 iE 62 53 R
) Ba
i | i | ! |

Formats A and B are only operating modes in which experiment data is
outputed to the spacecraft. The words shown crosshatched are allotted to the
GSFC experiment., It is seen that the CRT receives three M/F 12 bit words in
format A and one 5/SC 6 bit word. 1In format B there is one 12 bit M/F word
and on §/5C 6 bit word the S/SC word is only present (to the CRT) in one
of cach 64 mainframes and will be used as a starting point and synchronization
checl in intorpreting the output data,
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Format A

As shown in Figure D3 below the experiment is assigned three M/F data
words Fc, Eg, and Eb. Furthey Fig. D3 shows how the data is assigned to
these words within the instrument.

iD = SECTORED RATE SEQUENCE 1D
1D = UNSECTORED RATE SEQUENCE ID ‘
C) RATE WORDS ARE 24 BIT LOG COMPRESSED 71O 12 BITS.

93]
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L6 frame number N is avrbitrarily assigned to the onme frame in 64 which
A igned the 85C Wd (Wd 30 FMT E-~1), we shall let the data frame
next frame, i.e.,, N+1 in Fig. D3.

HET-A (A=DetA of Det CIII. Seec HET PHA section.) PHA data and
b contains sectored rate l-sector 1 (SR1~1) data. 1In frame N+2 word Ec
taing BT =B (Det B), word Ea contains HET=C (LDETCI+DETCEII), and Eb econ~
ire SR1.7, ‘
frv Tyoame N3 LET-1 PHA tag data is read out in word Ec. Word Ea contains
hile word Eb continues the rate data: 3SR1-3, 1In frame
ta ie continued in werd Ec, LET-B (Det DII), and word Ea,
Tooword Eb o has SRI-4, '
ottt peoand Fa vebturn to HET tags and HET-A and the frame
sequence continues iu che manner wodulo four. Word Eb, however, continues
to soquence through SR1 (-5, 6, 7, and 8), SR 2 (-1, 2, 3, &4, 5, 6, 7, 8)
and unsectored rates 1, 2, 3, 4, 5, 6, 7, 3, 10, 11, 12, 13, 14, 15, 16. (See
sections on HET and LET rates for the rate equation of these rates in terms
of detector outputs). At frame N+33 word Eb reads out SR1-1 again and the
rate data has come full eycle in 32 frames., At this time the A/B bit is chagged
and theo unsectored rate accumulators step to count on the next, in its par- "’
ticular rate equation sequence. The cycle continues, this way for 31 more
frames at which time (N+64) the S SC Wd is again applied to the CRT experiment
and the complete data cycle is begun anew with the next (N+65) frame. In this
new cycle (64 frames) the PHS priorities have been changed (See HET and LET PHA
sections) and the rate accumulators are once again advanced to the next rate
equation, B .
The oxperiment continues in this manner as long as the spacecraft is in
format A.
A description of how to extract the exact vate equation for each word
Eb readout and how to establish the ewact source of the PHA readouts will be
tirwing the Format B section.

in frame N

Since the CRT experiment now receives only ong M/F word and it was not
desired to sacrifice one type of data for another it was necessary to readout
both types of data in word Ea. This was accomplished by alternating the 32
rate readouts with 8 PHA event readouts, NOTE: 1 PHA event is readout in
4 words therefore 8 events take 32 frames.
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Figure D4 shows the word assignments in Format B.

R

Uz

)

S owompe | MF, 14[MF, 18 |ME, 15| MF, 17 =1, 30

BIT 123133323123;:3&55
WEIGHTING | 211 22~ (pHA patay-c" o3 2% 2%2% o} | «0{22f}i oL
‘,a’EIG'r‘éTING(jgl;bj.tslogc:ompra‘assed‘c:c»l2bi‘t::é'~ - s oF

TYPE DATA

RATE OR PHA (as shown)

n R CLET-B  J0000fX X X
] E n 'ﬁwi_ . LET - Q_‘Hw. !
| E n + 2 S1

< , - . <
PR S 3 -
‘ + 9 51
n+10] 52 o]
SR N <
o | n+ 33
21 0+ 3 -
} o+ 35
- z Z
¥ o+ a2 RETT-TAG i |
;:Q no+ 43 HET- ' J
\1 e b x.%,, - S i < e r <\
> —
0o+ 64 TET-0 ,%O\'O“‘%X X,

Figure D&

Data to Word Assignments Format B GSFC/CRT
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Tho scquence of rate data readouts is chrvonclogically the same os in
format A, however, it should be noted that cycle begins ome frame late with
vespoect to the 58C Wd, i.e., SR1-1 now is read out in the second frame folw
Touln; the 55C Wd.  (frame WH+2). ¥Following the vate data come 32 frames of
PHA data, N+34 to §¥465 and the S8C Wd is once again received from the §/C
and the experiment begins into cycle once again with SR1=1.

Form A/D B/D:

Data Svnchronization

As was seen in the HET and LET descriptions the bits which control rate
equation a given rate readout was accumulated under is controlled by the bit
A/n, ST, and SZ for unsectored rates and SS81, S82, and S83 for sectored
rates. hese bits are readout once each 64 frames by the $SC Wd (Wd 30, E-2)
in the format shown below:

§2-51-A/B~583-882-881

The unsectored rate counter is advanced each 32 frames on Format A and each

64 frames in format B. In addition, in format A the unsectored rate counter
LSB is reset by the 5SC Wd and will therefore be equal to zero at readout time.
The mwher readout in bits (82, S1, A/B) will always advance by two and be an
(i.z., A/B#1). 1In format B this flip-flop is not reset and will,
1ce by one each SSC Wd readout,

§52, and 833, of the sectored rate counter are dependent

4 Qw:{’

spin rate and t~czefoh may change asychronously with the S2
O 5

el

ey

a closer indicntion of when the

eadout as bit #7 {L3B+5)

&pp)Lea to determine which
ene

er o

ated under is dependent on
ironizaer on or off The

Y e N pRanb I meons el
SE 4% o he HET-tag word.

I scctored rate data should he treated in ¢ : manner as the
unzectored rate data, i.e. the 5 seg Lﬁ readouc in Wd 33 {85C Wd) indicates
cquation under which the following 16 sectored rate readouts were
accumtiated,  E.C, If the 8§ seg ID in Wd 30 were 3 this would indicate that
the following sectored rate data were accumulated as follows:

SID = DIDIIE F

i

Sectored Rate 1
Sectored Rate 2 = S2D= ST SII SIla SIIL
“tored SEQ counter 1s advanced every 32 frames, therefore, the next

octoved rate data readout were accumulated under § SEQ ID-4 It is NOT
poncibhie to have redundant readouts with sector sync 1nh1b1ted
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;f and it accumulated under S SEQ ID = %.) Sectored rate - 1= 51C= DIDITF sec=-
|| tored rate 2 = S2G= ST SII3 STla SIII. At the following word 30 (SSC Wd) the
1.8 STQ ID shouild be verified: * It should read 7.

T

Sector Sync Neot Inhibited

In this mode the internal sectored SEQ counter can only be updated at
the time in the telemetry frame when unsectored rates are being readout and a
‘prescribed number of S/C rolls have been completed,

To obtain sync with the sectored rate data one proceeds as follows:

Note the -reading of the SSEQ ID previously noted in Wd 30 (SSC Wd) if bit 7
does not change state the data in the following sectored rate readouts is
redundant and should be discarded). Bit 7 of HET~tag Wd should be contin-
uously monitored for state changes and S SEQ ID mentally increased by one for
cach change noted. A check may be had at zach Wd 30 by comparing S SEQ's 1D.

’ As an example suppose the S SEQ ID in Wd 30 were found to be,ﬁDand during
the next 32 frames examination of bit 7 of HET-tag Wd showed no state changes.
The following data in the sectored rate words whould be rejected as redundant,.
58Q. Iﬂ'ﬁlﬂdta if in the next 32 frames bit 7 changes state, (change the mental

5 8EQ ID to ) sectored rate data tha rvllow1nq readout would be fresh data

In order to know the type of event (See HET and LET PHA sections) readout
in the PHA words the event is modified by its accompanying tag word. Fig-
ure D5 shows the format meaning of both the HET and LET tag words.

BIT 12 3|4 5678 qliod i
WELGHTING |22 2% 20020 |20 2t [oolze] 2% 2% 21 2o
HET-TAGS SEC. 1D * 0 J 5 |ss P . :
WEIGHTING | 22 21 20} 20/ 20 20 20 25 20 20 20 20

' bR

P
omed

——t
-
Y

LET-TAGS SEC. IDIg! VvV 1T 1

I
AD# WHEN BIT = 0 HET-A = DETECTOR A
WHEN BIT = 1 HET-A = DETECTOR CIII = .
LoW-pOWER 110k Lt
HEGH-ROWER L.ov 17

. 11717

1 ANALYSIS CONDITION

| A, ' — Q‘H (‘)JMA,M ,#,&%cu-i(utw‘/
RANGE (0/1) %’%&O e «(,,éc"t‘fwfé

i

i

H

[8]
i

LEAST SIGNIFICANT BIT OF SECTORED RATE
SEQUENCF 1D,

]

S5 e s oar . 1 = INHIBITED (< 'S 1 79%¢
\ e J

- , CTOR SYHC -y 10T THHIBITED .
ISR ST R I SR SSRPCY

Fig. DS HET & LET Tag Words
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The sector in which the event was encountered is found in bits 1, 2,
and 3 of the tag words. For a LET event the type of event (LD of TD) is
revealed in bit 4 (the rest of the IET tag word is filled with ones). For
a HET event an indication of the contribution of the CII detector to the
channel number readout in the HET-C (FCI+CII) is found in bit 4 of the HET tag
word. If the CII threshold (MeV) is exceeded the bits is 1 if not, a zero.

The type of event that triggered the HET analysis is contained in bits 5
and 6 of the HET tag word. If bit 5=1 the HET A detector CIII is output.

If a zero' HET-A is related to detector A's output. Bits 4 and 5 provide

more information as to the coincidence conditicns resulting in the analysis

when modified by the S1 bit readout in SSC Wd (see HET PHA section for priority
description).

Bits 7-8-9 of the HET-tag contain information on whether the sector sync
is on or off (bit 8), when the bit SS1 togzles (bit 7) and whther the ex~
periment is in the high power mode or not. (bit 9=1 for high power) Bits 10-12
of HET tag word are unused.

ANATOG DATA SYSTEMS

The analog outputs of the CRT experiment together with the experiment
connector (0854-J1) pin number are shown in Fig. ADl below.

SC WORD
Pin Number (FMI. E-1) Data
24 Wd 25 Power Supply Mon (Temp)
26 ) wd 28 DET Temp (ARC-~Therm)
27 wd 26 Power Supply Mon. (Voltage).
28 wd 27 Calib on/off
29 Wd 29 +RYV Mon
30 Bit Wd 24 CRY Status

These analog output om pin 27 is an eight level commutation of sevén
voltage outputs of the experiment power supply and & ground position. The
voltages in ovder of commutation are:

1y ov

2y H12v
3) 47,75V
4y +6.25V
5) +4.6V
6) =2V

7)  =6.25V
8y ~12v

A1l voltages are converted to the range 0.0 <V<3.0 before they are sent
to the spacecraft quantizer.

The out-put on pin 28 indicates whether the CRT is being stimulated by
it's internal calibrator. (OV=NO; 3V=yes)

The output on pin 30 supplies confirmation of the format in which the CRT
{5 operating and, of course, should agree with that of the S/C. Pin 30=0V for
format A and +3V for format B.
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The output on Pin 24 comes from a thermister mounted directly on the power
supply~input regulator-series transistor and serves as an indication of the
dissipation of that device.

The output on Pin 26 comes from the Project Office supplied thermister
which is mounted directly to 1ET-1 telescope housing.

DATA SYSTEM

The data system of the CRT may be broken up into two major areas:
The "COSMIC RAY INTEGRATED MOSFET PROCESSOR'" (CRIMP) and the INTERFACE DATA
SYSTEM (IDS)

Crimp

The Crimp system is a design using LSI MOS technology to produce a logical
building block normally referred to as a 'bug." Some of the 'bugs" used
in the Crimp are:

1. Universal 4 bit MOS commutator C-1074
2, 10 channels of switch C-1070

3. Tree Bug

4. Mars bug

5

. ATX, most bug C~1276

The hearts of the Crimp system are the Mars bugs which each contain a
24 bit accumutator, ‘a 24 bit to 12 bit logarithmic compressor, readout
gates which with suitable control produce the 12 bit compressed word as 3
bytes of 4 bits each. The compressed word is generated on command by dis-
ronnecting the accumulator input, transferring the contents to a 25 bit
shift vegisters, shifting right until a "1" is found in the MSB of the register
pr 31 shifts have been made; counting the number of shifts required in a
5 bit counter, reading out the counter as the first five bits (characteristic)
and the 7 M3B's of the shift register (after discarding the '"1" in the MSB) as
the last seven bits {Mantissa)., It is seen that if the numbers accumulated is
sveator than 255 there will be some uncertainty in the number due to truncation
from the left. Appendix A contains a listing of all possible outputs of rate
data together with the uncertainty in the number read out. Included are octal
and decimal representations of the rate number read out - neglecting the fact
that it is compressed.

The Crimp also contains 6 PHA data accumulators of 12 bits and associated
with each accumulator are 12 bits of interim storage, 12 bits of read out
storage and necessary gating to sequentially produce, on application of
control signals, the 12 bit PHA word as 3 bytes of 4 bits each, The PHA data
is straight bimary number representing the number of pulses produced by the
HET or 1ET pulse height analyzers. Each LET or HET event has also a "tag"
word asspneciated with it which is formed in the IDS and shifted into readout
storage with the 3 PHA words it modifies,

The Crimp contains circuitry necessary to produce the data format of the
(RT. Tn a 6 stage binary counter, which is reset to all "1's" the the SSCWd
(Wd 30 E~1), the Crimp keeps track of which frame it is in and sets up linkage
to; the proper words (format A), or word (fromat B) to be read out in that
frame. In format A the CRT receives three 12 bit words. per frame making it is




necessary to know where in the frame you are. For this purpose the Crimp

has a sub counter (3 bit-set to all "1's" by the SSC Wd) which modifies the
coarse address generated by the 6 bit counter reading out the 8 words

of PHA data. Sectored rate (SRl and SR2) accumulators are selected on the basis
of 3 binary weighted lines from IDS which are decoded to one of eight lines

by a "tree'" bug in the Crimp. These lines in conjunction with a low 'go"
signal from IDS enable the Crimp to sequentially select the eight available
accumulators are frozen.

INTERFACE DATA SYSTEM

The functions of the IDS are fourfold:

1. Provide specified impidence matching at the S/C-Experiment in-
terface.
2. Provide interface between the MOS of the Crimp and the TZL of
the IDS,

3. Generate all necessary timing and control signals for operation
of the experiment in gathering data.

4. Generate necessary timing signals to output data to the space-

craft date system,

S/C Experiment Interface

The IDS meets the required interface specification through the use of
discrete amplifier .on the input signals and discrete passive components out~
put signals,

Crimp~IDS Interface

The 1DS makes the wvoltage level shiftsnecessary between the MOS logic
leveis of the Crimp and its own transistor-transistor logle through discrete
component inverting swplifier on all lines crossing the interface.

Timing aud Control Signals

The 105 provides signals to both the linear system for PHA, control and
rate commitation, and to the Crimp for accessing and fetching data for read=-
out to the §/C.

The PHA's, their respective counters and tag registers in Crimp and IDS,
and the control signals operate as shown the simplified block diagrams and
timing diagram, figures IDS 1 and IDS 2.

Inersy loss data from each PHA, only one of which is shown, consists of
number N of logical pulses, (denoted GPT) which are counted in the 12 bit
MOS counter. One additional dignal from each group of three PHA, designated'
HRT PUSY or LET BUSY is a pulse whose width is at least as long as the N
pulses and therefore brackets all pulses to be counted. This signal indicates
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when the analyzers are busy and is used to inhibit any other analysis from
overlapping the one in process, The TE of BUSY also initiates the transfer
and reset pulse which moves data from the counters to intermediate storage and
prepares the counters and PHA's for future analysis. The identifying tag

bits associated with each event are strobed into the tag bit register in IDS
shortly after the LE of BUSY. Subsequent events may be analyzed and written
into intermediate ‘'storage, erasing all previous data. This is controlled by
the priority system discussed above.

Once each 4 frames in format A or each 8 frames in format B, immediately
prior to a PHA event readout. The PHA's are inhibited so that no analysis
can take place, and the STU 32 KHz colck (after being divided by 2 to produce
16 KHz) is used to serially shift all data for both HET and LET events into
readout storage. This data is fetched by Crimp under control of IDS in ex~-
actly the same way as rate data, i.e. by addressing each register sequentially
and causing its data to be gated onto the output data bus. This is discussed
in more detail later,

IDS also contains two counters, each with a capacity of 3 bits, which
control commutation or rate data within the linear system. This allows the
32 rate counters of Crimp to be used for counting many more discrete coinci=
dence rates from the various detector systems. Since the rates are basically
of two types, sectored rates and unsectored rates, these two counters are
called the sectored rate sequence counter (SRS) and the unsectored rate se-
quence counter (URS), The commutatuion sequence of each has already been de-
scribed above. Operation and timing of each is described here.

The unsectored rate sequence counter 1s advanced by one count at the end
of each unsectored rate accumulation interval as defined by the telemetry
format in use. In format A, this occurs once each 32 main frames on the LE of
fhe first Main Frame Word 14-17 (Ea) following the occurance of the subcom
word E1-30 (SSC Wd) and 32 frames thereafter. The advance pulse also initiates
log conversion of all unsectored rate counters so that, on the TE of Ea, new
rate data is converted and ready to be fetched for readout in MFWd 41-44 (Eb).
The URS is always advanced every 32 frames in format A. In format B URS 1is
advanced every 64 frames, also on the first main frame word Ea following the-’
subcom word E1-30, The unsectored rate data is thus converted and ready to
Be fetched on the TE of Ea for readout. The rate data readout cannot commente
on MFWd 41-44, as it did in format A, however, because Ea is the only word
present. Thus, in format B readout of rate data commences on the second Ea
after £E1-30.

In contrast to the above, the sectored rate sequence counter (SRS) can
advance on one of two signals, either synchronously with the URS as described
. above, or in accordance with the Roll Index Pulse (RIP). In the former case,
" advance of SRS is synchronize with telemetry and has been fully described
above. In the latter case, advance is synchronized with the S/C spin. One
of these two signals is specified by the sector synchronizer command flip-flop
and is indicated in the HET~-tag word.



w2l

When the sector synchronizer is enabled, the sectored counters are allowed
to accumulate for an integral number of complete S/C revolutions. The number
of rolls is dependent upon the bit rate in use and present into the roll counter
at the beginning of each accumulate interval. The roll counter increments by
one on each RIP until the specified number of rolls has been completed. On the
last roll pulse of each accumulate interval, a flip flop is set which enables
the next Main Frame Word Ea in frames 17 through 32 or 49 through 64 initiate
sectored accumulator datatransfer and log compression. The next accumulate
interval begins on the first RIP following data transfer.

Data transfer is not allowed during frames 1~16 or 33-48 {(Mode A) be~-
cause sectored rate data in readout storage is being shifted ocut to the §/C.
'If transfer to readout storage was allowed during a sectored rate readout sequance.,
Two sources of error might arise. VFirst, suppose the last RIP of an accumulate
internal occured in frame 7., If transfer were allowed, the data transmitted
to the ground in frames 1=7 would correspond to a different accumulate interval
than that readout in frames 8-16. Recall that the sectored accunulators are
commutated between several different rates, hence, adjacent accumulate intere
vals do not correspond to the same rate inputs. Allowing transfer as supposged
above would intermaingle two intirelydifferent coincidence rates in the data.

Secondly, if transfer were allowed during sectored rate resdout, if if pos-
sible that a complete set of 16 readouts would be interrupted if the last RIP
occured during the first readout of the sectored data. This can happen if
the prescribed number of rolls for a high bit rate (size 1024 or 2048 bps,
in which case wm=31 is preset into the rolls counter, and the S/C is subsequently
commanded into a lower bit rate in which the readout sequence is very long
compared to one roll period.

. Tormat B, shows sectored data trnsfer is also inhibited furing those frames
in shich rate data is being readout to telemetry. The frame numbers when
transfer is inhibited are m to mt+32, which is different than in format A.

' One last feature should be noted. It is very likely, indeed it is desired,
that the accumulate interval for sectored rate data will be longer than the
rgadout interval, hence data for a given intervals will be repeated in the
telemetry. This redundant data may be used for bit error checks in the proces=~
aing system, but cannot be included in the rate averages. It is casy to identify
which data is a repeat of old data and which {is new data by use of the LSB
of the sectoved rate sequence counter (SRS) which is readout every four frames
in HET-tag. This bit will change state esvery time SRS iz incremented.

The contents of the twe 3~bit counters, readout fully in the subcom word
E1-30. On the leading edge of 1«30, the state of each bdbit is stribed into
a cix bit shifr repister and immediately readour by the 3/C. Advance of
gither counter must be at the time of Main ¥ Word.Ea, hence, nc error due

to strobing during counter transition is possib.e. (See Data Format Section for
information on how to obtain date synchronization.)
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" The Pioneer 10/11 Cosmic Ray Experiment
of Goddard Space Flight Center/University of New Hampshire

The Goddard/University of New Hampshire cosmic-ray experiments on
Pioneers 10 and ]1 and the Goddard cosmic-ray experiment on Helios-1 and -2
are essentially identical. A schematic drawing of the detector systems is
shown in Figure 1 and their parameters are summarized in Tahle 1. The High-
enerqy Telescope (HET) is used to determine the helium eneray spectrum hetween
20 and 500 MeV per nucleon and the proton spectrum hetween 20 and 56 MeV and
120 and 300 MeV. The particle traiectory for the HET is defined hy the A and
B detectors. Stopping particles in this telescope are identified by the
additional requirement that there is no signal from the CIII detector. This
stopping particle mode covers the range from 20 to 56 MeV per nucleon for hoth
protons and a-particles. For penetratina a-particles and protons with
energies greater than 56 MeV per nucleon, the HET becomes a trinle dE/dx
device. In this case, the enerqy is determined hy the eneragy loss measured in
the 1 cm CI + CII stack of solid-state detectors and the pulse-heights
measured in B and CIII are both required to be in an interval that is
consistent with a given particle of this eneray. This thréefold
my1tiparameterlana1ysis reduces the backaground level of spurious events to a
neqliaible Tevel. It is estimated that the ahsolute uncertainty in the o flux
is ~ 12% at 400 MeV and ~ 7% at eneraies helow 200 MeV, The operation of the
LET-I telescope (Fig. 1) is similar to the stoppina particle mode of the HET
exgept that the thin 100 ym dE/dx devices (DI and NII; Fiag. 1) permit
multiparameter measurements to be made from 3.2 to 21.6 MeV per nucleon for
protons and helium nuc]ei. The mu]tiparametér measurements used in this study
reduce to a negligible amount any correctioﬁs due to the presence of larae

quantities of radioactive material in the Pioneer 10 and 11 power supplies.



| The fétaf}raaiation damade produced by energetic electrons and protons
incident on the Goddard/University of New Hampshire experiment durina the
passage of Pioneer 10 thréuqh the Jovian maanetosphere was sufficiently hiah
- that some four electronic failures were induced by radiation damage effects.
The most serious of these was the loss of the F detector information from the
LET-1 telescope. It was found that the complete 3-21 MeV per nucleon eneray
range of this detector could be obtained for stoppina a-particles hy using a
two-parameter analysis of DI vs. NII with only a small increase in backaround
(< 7%). The other failures occurred at several points in the data system but
in such a manner that either redundant information is availahle or--in one
case--a correction factor (which aenerally was on the order of 3-5%) could be

derived from the available data.

ELECTROMICS

Pulses from each detector are amplified and shaped in a preamp/post-
amplifier, and applied to one or more pulse-height discriminators which
produce logic pulses of uniform amplitude and width for each input puise
exceeding the threshold. These loaical pulses are used to form the many
coincidence-anticoincidence conditions corresponding to various particle
enerqieé and types. Both single detector rates and coincidence rates are
counted in 24-bit bhinary counters. Sixty-one such rates are monitored in the
Pioneer instrument and 83 rates are monitored in Helios. The Pioneer rates
are shown in Table 2; Helios rate data includes additional LET-II rates and
the 2-8-keV X-ray rates. Certain coincidence conditions may initiate pulse-
height analysis of selected events. The pulse amplitudes of three selected
detector outputs are digitized by three 10-bit analoa-to-diagi*al converters

(ADC).



© Linear Circufts -

"»,fThe}puise—height analyzer and coincidence system electronics for.the
”;,.Pionéer and Heljos miséioﬁs were accomplished using nearly identical
designst‘ The same building blocks contained in Pioneer were used, with only
slight médificatﬁon; in the Helios systems. Fach experiment contained three
mechanically- and electrically-separate suhsystems, one for each telescope.
Since Helios contains two identical LET-II's, this subsystem is exactly double
its Pioneer counterpart.

The preamps use an FET input in a conventional cascade confiquration.
After shaping with single integration and differentiation time constants of
0.6 usec, the pulses are differentially coupled to noise-cancelling linear
buffers to eliminate common mode noise pickup. CMRR was measured to be ~ 50
db at the frequeﬁcies of interest.

Each of the HET, LET-I and LET-II subsystems operates in a similar
fashion. Fiqure 2 shows the HET system. FEach noise-cancelling huffer is
followed by another buffer to boost the incoming signal to a level suitable
for pulse-height discrimination. The nominal Tow-level signal to he
discriminated corresponds to Channel 1 of the PHA, or 5 millivolts. These
Tow-level discriminators are stable with + 0.5% total drift from -20°C to
+400C. A lower power version of discriminator is also used where + 2%
stability is tolerahle. Three of eight discriminators in HET are of this
variety.

Two linear summing amplifiers are used in HET. The first linearly adds
the CI and CII buffered inputs. This sum is presented to the PHA for analysis
under the proper conditions, and, hence, must exceed the linearity
requirements of the PHA. The second summing amplifier adds the signals A and

B with a weighted output from the first summing amplifier



:T(AE; B?i’T;é_féI+CiI]i; fhis signal is fed into two discriminators for use in
‘ithé'céfnéjdénce logic to separate protons from electrons and to separéte 7>2
“partiéies.froﬁ prdton#. |

L Iﬁ the HET system there are 15 basic coincidence equations,.none of which.
has less than 5 terms. Six additional sfnq1es rates are produced. These are
multiplexed into the 10 rate outputs. Four of the coincidence conditions are
used in the PHA control logic. Inputs to these eauations are both pulse and
level. The pulse inputs are derived from the discriminators while the Tevels
are derived from the data system to control commutation of the rates.

To insure that coincidence timina is not affected by "discriminator walk"
when two pulse inputs are coincident, an active delay has been ingornorated.
Since the B input appears in all multi-pulse equations, it is delayed 1.5
microseconds using a monostable circuit. The remaininé 7 discriminators are
followed by 3.0 microsecond monostables. The delayed edae of the B monostable
is fed to an edge-coupled high-speed gate, whose other "anding" inputs are 3.0
microsecond-wide pu1se; or levels. This method insures that if all inputs are
coincident with 1.5 microseconds, the proper equation timing will be
fulfilled.

The coincidence system also selects events for pulse-height analysis.
There are four coincidence conditions which can initiate analysis; two contain
the term CIII (penetrating particles) in which case BI, (CI+CII)and CIII are
analyzed. The other two conditions contain CIII (stopping particles) for
which A, B and (CI+CII) are analyzed. Priority selection of event tynes
allows higher priority events to be analyzed and stored 1n'p1ace of lower
priority events. The relative priority of the four event tynes is rotated so
that each type has highest priority for one-fourth the time. This emphasizes

the occurrence of relatively rare events in the data.



‘TheﬁﬁHA‘sysfem conféins four delay lines and linear gates, three height-

‘to-time cohvérters, a gated current source and a gated clock. When an
;,\aéceptable evént has occufred, "open" signals are sent to the proper linear
gates (B, [CI+CII] and A or CIII). The input siqnals are delayed 3.5
microseconds to compensate for delays in the coincidence and priority logic
matrices.

The HTC is of the Wilkinson discharge type, the usual choice for nuclear
Spectrometérs because of its excellent differential l1inearity
characteristics. The gated constant current source remains on hetween events
and is turned off slightly after opening of the linear gate. This minimizes
the effect of noise spikes associated with opening of the 1inear agate, and
improves the low-channel resolution and linearity siagnificantly. The PHA's
are able to resolve Channel 1 (5 millivolts) and produce a total differential
non-linearity of + 1.5% over the top 99% of full scale (5 volts or Channel
1024). The digitizing clock is 500 kHz, providina a 2-millisecond conversion
time for full-scale inputs. The three 1024 channel PHA's used in HET require
less than 30 milliwatts of power.

The PHA system outputs three gated pulse trains which are counted in
binary counters. Additional tag bits are stored with each three-parameter PHA
guantity which identifies the event tyne, priority, sector IND of spacecraft
spin and a CII range indicator to further characterize each event.

The LET-I and -II systems shown in Figqures 3 and 4 operate very similarly
to HET. The linear buffers, discriminators and coincidence matrix use the
same circuits as in HET. LET-I PHA data contains digitized values of the DI,
DII and E detector pulses, and tag bits provide sector IN, priority and event
type information. A two-level priority system is used, and both event types
are allotted equal time as highest priority events. The coincidence rates

detected by LET-I and -II are also listed in Table 2.



:Daté~5y§teﬁ§',

A1l rate data is counted in "Mars buas," a custom PMOS LSI chip developed
‘at GSFC. A single chip'cbntains a 24-bit binary counter, a quasi-loq
| compressor to convert the 24-bit binary number to a 5-bit characteristic and a
7-bit mantissa and a 12-bit storage buffer to hold the data for readout. PHA
data are also counted and stored in PMOS IC's. The Pioneer and Helios PM0S
data systems are quite simf}ar in desian. A1l spacecraft interface, command
processing logic, control of the accumulation intervals and formattina of Rate
and PHA data into the available telemetry space is accomplished in a
spacecraft-unique Interface Nata System (INS) usina Jow-power T2L circuits.
Discreet components were used where necessary to comply with spacecraft
interface impedances and levels.

The te1emet;y formatting was desianed to keep theerate data cycle time
between 3 and 7 minutes for as many bit rates and formats as possible which
were most 1ikely to be used during a nominal mission, or not more than one-
half of the science telemetry available to each experiment. PHA data is
inverleaved with rate data and can process up to 3 events per second on
available bit rates. PHA telemetry is always equally divided between HET and
LET. Because of the wide variation in bit rate (2048/sec to 1A/sec) on
Pioneer, a complete data cycle for all rates becomes as Tona as ~ 1.7 hours.

The experiment acquires spin-sectored data. A sectored rate synchronizer
generates suitable control signals to insure that the sectored rate
accumulators are live for an exact intearal number of spacecraft
revolutions. The number of revolutions is determined by the bit rate in use
and varies from 1 rev/readout to 31 rev/readouts (spin rate ~ 5 RPM), and
between 53 rev/readouts to 2231 rev/readouts on Helios (spin rate ~ A0 RPM),

Sectors are 450 wide on both spacecraft.



Cdmmandable features include (a) disabling the sector synchronizers in
the event of failure and (b) turning on internally-generated test pulses to
".stimulate the e1ectronics.for pre-flight and in-flight checkout.

This hardware is an example of an extremely lightweight, low-power
electronic deéign for severe environmental conditions. The experiment
qualified in vibration at 50 g's and was subiected to almost 5x105 rads in
Jovian radiation belts. It has already been operating in fliaht for 9 years,
“and we expect to be able to receive data from Pioneer 1N until the telemetry
signal is Tost. Weight was a major problem, especially on Pioneer. The
experiment weighed 2.2 kg for the sensor systems, the electronics system
consisting of the charge-sensitive preamplifiers, shapina amplifiers,

thresholds and loqic circuitry, priqrity control system, six 10-bit pulse-
height ana1yzers,wan extensive data system and the Tow-voitaae and detector
bias dc-dc converters. Power consumption was 2.4 watts. The Pioneer
experiment includes more than 8,000 discrete electronic components per system
and more than 40,000 transistors--largely in medium- and large-scale
integrated circuits.

Experiment performance has been excellent. Fiqure 5 shows the LET PHA
data for the August 1972 event. This is a plot of the average dF/dx value
(DI + DII1/2) vs. the E value with a consistency check applied to the DI and
DII values. The chemical elements are readily identified, and isotopic

separation, even for the Magnesium line, is possible.

TIME -PERIOD -CAVEREN

The data for the planetary encounters has heen excluded from these
tapes. The following time periods were, therefore, excluded from the

interplanetary data for the spacecraft/encounter indicated:

" Pioneer 10/Jupiter: 11/26/73, 00:00, to 12/16/73, 0N:00



Pioneer 11/Jupiter: 11/26/74, 00:00, to 12/10/74, 00:00

- Pioneer 11/Saturn: N8/31/79, 00:00, to 09/05/79, 0N0:00
This data will be supplied on their own tapes complete with similar

documentation concerning their content.

The time periods included on these tapes are as follows:

Pioneer 10: 03/06/72, 00:00, to 01/01/81, 00:0N0

Pioneer 11: 04/02/73, 00:00, to N1/01/81, 00:00

Table 3 1ists the particles and their enerqy range to which the different

rates are sensitive.
DATA  FORMAT

Time-history of Pioneer Cosmic-ray Telescope data described above is
being submitted on 9-track tapes recorded at 1600 BPI. The tape marked PIOEPF
contains Pioneer 10 data and the one marked PINEPG contains Pioneer 11 data.

Each tape contains one file of data. The file consists of a number of
frames. A frame covers a period of one month or less and consists of eight
Flux Time-history (FTH) records. DNata items contained in the FTH records in
each frame are described in Table 3. An FTH record contains a count of the
number of data items (NBIN) whose time-history is included in the record, a
count of the number of averaging intervals (NINT) included in the record,
definitions of data items included and time-history data. Table 4 defines the
structure of an FTH record in detail. These tapes were generated on an IBM
System 360 computer; thus, a word consists of 32 bits, half-word 1 is the high
order 16-bit field of the word and half-word 2 the low order half (bits 16-31,
with the left-most or MSB numbered 0). Characters are represented in 8-bit
EBCDIC byte, real numbers are represented in the IBM single precision floating

point format. Length (in words) of an FTH record is given by



200 + (3 + 2 * NBIN) * NINT NRIN < 5

233 + (3 + 2 * §) * NINT , NBIN = 6

Thus, FTH records have a maximum length of 1812 words (7248 bytes).
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RATE

*R1

#R2

*R3

R4

R5

R6

R7

R8

RO

R10

*R11

R12

R13

COINCIDENCE

(A K,+A.CI)BCIII

27171

AIAZB CIII

AlBKZCIII

A.B CIII
A BKéET
A_BK.CICII

2
A

e T e U o L A S TR o o R R A

NONR
N

A

A_BCICIICIII
A_BK.CICII
CII

A BK_CICIICIII
A BCI
A AZBCICII

A, EBeT
A_BK_CICIICIII
B

CIil

DI

2
A
2
A BK.CI
CI
1

D18 B
DIDIIF

DIDIIZDF

DIDIIEif
DIDIIZDESF
DIDIIEzi

DIDIIZDEA?

Table 2

PARTICLE/ENERGY

Protons, 2Z>2:  20-56 MeV/nuc

Electrons:

2-8 MeV

Protons: >230 MeV

2>2:
Protons, 56-220 MeV; Alphas, >56 MeV
Alphas:
Alphas:

Alphas:

Electrons:
Electrons:
Electrons:
Protons, Alphas:
Protons, Alphas:
Protons, Alphas:

Protons, 2>2:
Z>2;
Protons, Z>2:
Z>2:
Protons, Z>2:

Z>2:

20-56 MeV/nuc

20-30 MeV/nuc
30-45 MeV/nue

45-56 MeV/nuc

2=4 MeV

4-6 MeV
6-8 MeV

3-21 MeV/nuc

6-21 MeV/nuc

10-21 MeV/auc

20-30 MeV/nuc
30-45 MeV/nue
45-65 MeV/nuc

3-21 MeV/nuc

6-21 MeV/nuc

10-21 MeV/nuc



Table 2, Continued:

RATE COINCIDENCE PARTICLE/ENERGY
R14 DI
DII
£
F
SI
SII
SIII
SIIA
R15 SIl SIT SIIA SIII Protons: .15-2.1 MeV
SI2 SII SITA SIII Protons: .72-2.1 MeV
SI3 SIT SITA SIIIL Protons: 1.2-2,1 MeV
SI4 SII SITA SIII Alphas: .6-2.1 MeV/nuc
R16 SI SIIl SITA SIII Protons: 2.1-21 MeV
S1 SII2 SIIA SIII Protons: 5.7-21 MeV-
S1 SII3 SITA SIII Protoms: 15.1-21.2 MeV
"SI SII4 SIIA STII Alphas: 6-21.2 MeV/nuc
SR1 AlAZB CI CIII Electrons: 4-8 MeV
A,BK,CIII Protons, Z>2: 20-56 MeV/nuc
DIDIIF Protons, Z>2: 3-21 MeV/nuc
DIDIIEiF Protons, Z>2: 6-21 MeV/nuc
SR2 SI5 SIT SITA SIII Protons: .12-2.1 MeV
516 SII SITA SIII Protons: ,52-~2.1 MeV
SI7 SII SIIA SIII Protons: 1.5-2.1 MeV
818 SII SIIA SIIT Protons: 1.5-2.1 MeV
SI SIIS SIIA SIII Electrons: .12-2 MeV
SI 8116 SITA SIII Electrons: .40-2 MeV
ST SII7 SITA SITL Electrons: .68-2 MeV
ST 8118 SITA SIII Electromns: .97-2 MeV

+Design goals, actual parameters for the submitted rates are listed
in Table 3.

*
Designates PHA conditions.

K = A+B + 1.8(CI+CII)
vD = DI+DII +1.6E



Table 3. Data Content of a Frame on PIOEPF and PIOEPG

_FTH RECORD #
WITHIN A FRAME DATA ITEM
1 112.0 -400.0 MeV Proton
30.0 - 56.0 MeV Proton
3.44- 5.2 MeV Proton
112.7 -400.0 MeV Alpha
30.0 - 56.0 MeV Alpha
2 10.0 - 21.0 MeV Alpha
3.44- 5.2 MeV Alpha
2.0 -~ 6.0 MeV Electron
R1 2~-8 MeV electrons, 20-56 MeV protons
R2A >180 (P-10), >220 (P-11) MeV protons,
>8 MeV electrons
3 R2B All Z>2 jons with a range < 1.5 cm in Si
R3A 56-180 (P-10)-220 (P-11) MeV protons plus
> 56 MeV alphas
R9A 0.22 MeV threshold on Det. B
RO9B 1.0 MeV threshold on Det. CI
- R9C 1.1 MeV threshold on Det. CII
4 RO9D 0.23 MeV threshold on Det, CIII
R10A 0.13 MeV threshold on Det. DI
R10B 0.60-33 MeV protons, > 0.39 MeV alphas
R10C 0.72-20 MeV protons, > 0.42 MeV alphas
R10D 0.84-14.2 (P-10), 0.82-15.1 (P-11) MeV protons
> 0.46 MeV alphas
5 R10E 1.1-8.1 MeV protons, > 0,53 MeV alphas
R10F 1.60-5.1 (P-10), 1.56-5.1 (P-11) MeV protons,
> 0.63 MeV alphas
R10G 2.29-3.8 (P-10), 2.13-3.8 (P-11) MeV protons,
> 0.75 MeV alphas
R10H > 0,99 MeV alphas with proton contamination
R11A 3.2-21 MeV protons and alphas
6 R11B 3.2-21 MeV alphas and heavier ions
R12A 5.6-21 MeV protons and alphas
R12B 5.6-21 MeV alphas and heavier ions
R15A 0.20-2.15 (P-10), 0.20-2.17 (P-11) MeV
protons, alpha and ion contamination
R15B 0.74-2.15 (P-10), 0.72-2.17 (P-11) MeV protomns,
0.22-2.05 MeVv alphas
7 R15C 1.24-2.15 (P-10), -2.17 (P-11) MeV protons,
0.34-2.05 MeV alphas
R15D 0.69%-2.05 (P-10), 0.66-2.05 (P-11) MeV alphas + ioms
R16A 3.2-20.6 MeV protons, plus some alphas
R16B 5.7-20.6 MeV protons, plus some alphas
R16C 14,9-20.6 MeV protons, plus some alphas

8 R16D 6.6-20.6 MeV alphas



WORD

3-35

3-35

36-68

69-101

102-134

135-167

168-200

201-

201-233

234-

.Table 4.

HALFWORD

TYPE
Integer
Integer

character

character

character

character

character

character

NBIN &

NBIN =

character

STRUCTURE OF FLUX TIME-HISTORY RECORD

-~

DESCRIPTION

Number of data items contained in
the record (NBIN).

Number of averaging intervals (NINT)
contained in the record.

132—character
satellite and

title identifies
gives the start time

of first averaging interval and last
averaging interval in the record.

132-character
data item.

132-character
data item, if
not used.

132—-character
data item, if
not used.

132~character
data item, if
not used.

132~-character
data item, if
not used.

5

description of first

description of second
NBIN > 2. Otherwise,

description of third
NBIN > 3. Otherwise,

description of fourth
NBIN > 4. Otherwise,

description of fifth
NBIN > 5. Otherwise,

NINT Averaging Interval Entries

(AIE).

The structure of an AIE is

shown in Table 4.

6

132-character
data item.

description of sixth

NINT Averaging Interval Entries as
defined in Table 5.



WORD

4=
(3+2*NBIN)

Table 5.

HALFWORD

N = (C

N

TYPE
Integer
Integer

Integer
Integer

Integer
Integer

Real

STRUCTURE OF AVERAGING INTERVAL ENTRY

DESCRIPTION

2-digit year
month of year

day of month Start time
hour of day of averaging
interval

minute of hour
second of minute

NBIN FLUX entries. Each FLUX entry
is two words long. If the second
word of the entry is -1.0, data for
this item is not available;
otherwise the first word is the
value of flux and the second word .
contains the associated statistical
error.
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I.

SCTENTIFIC OBJECTIVES

© The proposed Picneer F and G mission offers a unlque opportu=

nity to study the extended regions of the 1ncerplanetary medium,

The possibility of approaching interstellar electromagnetic

conditions must be coptemplaﬁodand regarded w{th.géeat interest.
These points, coupled with.the opportunity to éfudy the. Jovian
environment, call for a carefully coordinated set of studies in
egch scientific discipline. |

Thié instrument is designed to exploit to the fullest practical
degree the proposed trajectories of Pioceer F and G. The signifi-
cance of these measurements will be greatly enhanced by concurrent
measurements with similar particle telescopes scheduled for flights
on satelliies:of the IMP or similar series in near-earth orbits.

. The principal scientific objectives of this expcrmcnt are;

1. To measure the flow patterns of energetic solar and galactic
particles separately in the interplanetary field. To interpret

this measurement, simultaneous determination of the energy spectrﬁm,'uﬂﬁ4ﬂﬁ&h
Eom
{’ .

radial gradient, angular distribution, and streaming parameters is
required for each nuclear species and over as wide an energy range
as is practicable.

e
2. To measure the energy spectra, and isotopic composition of

-~galactic and solar cosmic rays from the lowest practical energies up

to ~ 800 MeV/nucleon and (by use of objective 1) to unfold the
primary flare and interstellar spectrum.

3., To measure the time variations of the differential energy
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spectra of electrons, hydrogen and helium nuclei over the

corresponding eﬁcrgy intervals., During flare events, to obtain

.  cimo hisgorida; during quict times, to reclate gross time variations

to those near earth thus deducing a spatial gradient for galactic
cosmic rzys. Ve |

4. To study the energy spectra; time variations and spatial
gradients associated with recurrent and non-flare associated inter=-
planetary proton and helium streams and to define the related solar
or interplanetary acceleration processes.

5. Vo provide information on the enérgétic particle'distribution
surround:ng Jupiter, / ‘

6. "o try to determine the extent of the solar cavity, the
energetic éarticle phenomena occurring at this interface and the
cosmic my'.__cien‘sity in neérby interstellar space,

Ghe §?atia1/tempora1 structure of solar and interplanetary

e

_events canﬁoﬁly be deduced from continuous monitors at a variety

of radial and azimuthal locations. Co~rotating particle streams,
interplaretary plasma shééks and. Forbush decrecases are obvious
examples in. addition to éhstomary fiare events, Quiet-ﬁime'fluxes.
measured on the outward joufney cannot be interpreted in terms of

a galactic gradient unless a sound "base-line" for the solar cycle=-

‘dependent‘:imevvariation of fluxes can be derived from comparable

detectors 1n near-earth orbits. Fortunately such detectors are

scheduled for a concurrent period on IMP H and J, and‘potentially'

IMP KK',




e

97

II1.

-3

The strong collimation of solar paxticle flow along magnetic‘
field lines during all but the late phises of sélnf flare events
15 well establisﬁed near } AU. ?However, at 5 AU the field may be
quite tangled due to the "winding up" of the Archimedcan spiral |
field; it would make an average’angle of ~ 80° wiﬁh the solar radius
vector. If the field at this distance is more disordéred than at
earth, tlte reverse situation to that at the earth may hold; angular
flare particle distributions may aid intcfprctation of complicated
ﬁagnetic field measurements, The need for associated magnetic
field mezsurements in interplanetary siiocks and Forbush decreases
is self-evident. Recent theoretical work (Gleeson, 1969; Roelof,
1969) has shown that the average magne:ic field direction governs
the flow of Syiet-time particles, so simulténeous particle-field

7

cbservations are required.

PHENCMENA Td %E MEASURED

In the giéld of energetic particles we héve tried to design
an instrume;£ that will provide the maximum-possible diagnostic
power to 2xamine the comélex field—p;rticle interactions qccurring
in the interplanetary environment as well as the Jovian magneto-

sphere.

To accomplish this we propose a coordinated set of two solid

state detector telescopes to study charged particles. The

telescopes are designated as:



wlim

a. the high energy telescope (H.E.T.),
b, two low cnergy dE/dx vs. E telescopes (L.E.T.

I and L.E.T. II).

Charged particle spectra and angular distributicns will be

measured over an extended energy interval. These intervals are

briefly listed below in Table 1, and are shown graphically in

Figure 1.
TABLE 1
Particle Component ' Energy Range

- Galactic coSmic.ray protons : 4,5 - 800 MeV
Solar protons ' , .QSJ- éOO MeV
Galacti;'cosmic ray Helium 4;5 - 600 MeV/nucleon
Solar Hellum _ o . 1.0 - 600 MoV/nucleon
He3/Hea, D/H ',-’ : -4.5v”- 50 MeV/chleon'
Galactic and Solar Electrons t 050~ 5.0 MeV
Li, Be, B, C, N, O, F, Ne and |

their isotopic ‘composition 6 MeV/nuc- 200 MeV/nucleon
Integral flux : > 800 MeV

Energy Ranges for Angular Distribution Studies
Hydrogen ~ .05 = 120 MeV

Helium 4,5 - 120 MeV/nucleon

Electrons ) .05 - 5 MeV
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Geometrical Factors

High Eﬁcrgy Telescope 0.220 cm? - ster;
Low Enargy Telescope I i . 0.155 em? - ster.

Low Enefgy Telescope II . 0,015 cm? - ster.

1

III. DETECTOR SYSTEM

'
i

We shall now discuss these;three telescopes in some detail and
how the_méasurémgnts are coordinated to provide a comprehensive
and}redundant set of cosmic ray measurements, The redundance of
the separate sets of measurements as well as the self~-calibration
are important” features of the system we are proposing. It is a
total necessity in view of the prolonged nature of the Pioneer F
and G missions and the controversy that currently exists over
-the intetpfetation of gradient and anisotropy measurements made
in thefQ,% -~ 1.5 AU interval, |

Figugé 2 is a picture of the conpleted experiment with

. handlingﬁfixtures and detectof covers attached.v The LET-1I

‘telescope within its radiation shield is~in the center with the

LET-1 telescope partially visible through the side face, The HET

-

telescoﬁe is within the package, directly above the other two ,
telescopes, and looks through the front and side faces shown into the
same plane as the LET telescopes. All telescopes look perpendicular } '

to the Pioneer spin axis and thus are always scanning the celestrial

sphere, .

e _.wwmwmeW%m“Bqummwm«~mu“ﬁmmm~“ww«muwmw_wwwmMMM-



e

Thars et

Ly eReve.

oy

Y obape, AGS el

ReR P P

Lo

b

§

oy

o



: -6-

‘High Energy Telescope:

The high energy telescope is a four element array and is shown
schematically in Figure 3, Two of these elements (A and B) are

2 in area and 2.5 mm

singie, lithium-driftedzsilicon"detéctors, 300 mm
thick. The third element is a stacked arrangémént of four 850'mm2,

2.5 mm thick litﬁium,drifted silicon detectors (Cl and C2), while

" the fourth element €3 is a similar detector which identifies events s

as étopping somewhere in the telesccpe ABC1C2 or as penetrating thé
entire telescope. For particles which come to rest within the
telescope (20 - 50 MeV/nucleon) three measurements are made =
energy loss (dE/dx), total energy, and range. The simultaneous
measurcmen; of total energy and range provides a Qery power ful
method for rejecting detector background, which is a particularly

signif:cant problem in this energy regime, For particles which

penetrate completely through the statk of solid state devices, three

‘separate JE/dx measurements are made, This will allow the differential

energy spéétra to be obtained for helium and hydfogen from 50 -~ 800

MeV/nucleon. Charge resolution for penetratiﬁg.particles Y;ll be

possible.up to approximately 200 MeV/nucleon. | ;
Figure 3 also shows a simplified logic drawing for the HET.

In addition to the three 10-bit addresses associated with the pulse

ﬁeigﬁt analysis of an HET event, we require additional bits as

noted to identify the priority mode, identify the data as HET, specify

. PHAZ, identify the spin sector in which the event occurred, and to



. J
determine if the event penetrated to CZ; The priority mode is .
the state of a time sharing system based on the four logicl
conditions shown on Figure 3 whicﬁ idéﬁtify stopping. particles,
stopping heavies (He.aﬂd aBo&e), éenetrating heavies, and all
penetrating particles, Since these detectors wiillusually be
telemetryﬂgéadbut limited, the priority system will select these
rare particles for anmalysis on a time shared basis, thus
artificially enhancing thé‘fraction of alpha.pafticleé and heavies
in the data. The many fates which are commutated and counted will .
allow us. o detefming the true ratios of these particles in
interpléneééry space., Certain rates arc sectored, e.g., counted
into eigh: different counters corresponding to eight equal sectors
(45°) of spipé synchronized to the see~sun direction, |

Low Energy Telescope (LET-I):

LET-I {is a three element dE/dx vs E telescope plus an anti-

~

"coincidehce.detector; It will cover the energy range from.3 to 22

MeV/nucleon, énd in this interval charge resoiution will be possible
from Z = 1 (hydrogen) to Z ='8 (oxygen). The telescope is degigned
to measure both the energy spectfa and angular disﬁributions over
these intervals. This telescope repfesents a modification to the
originél LET design to take into account the effects of the Pioneef
radioisotope power supply vs the original solar érray. Effectivél&,

the very low energy particle information is now ‘taken by LET-IX

-
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which 1s quite swall and can be shielded.

The detector configuration is shown in Figure 4, Detectors Dp
and D, are identical silicon su?fnco barricr devices cach 100
microns thick and 100 mm? in area. They serve the dual purposes
of defining the geometry of the detector telescope and also pro-
viding a redundant double dE/dx measurcment. Detector E is a
lithium drifted silicon device 2.5 mm in thickness and 300 mm? in
area. It se%ves as a total energy measﬁring element. The F
detector, amother 2.5 mm thick lithium drifted silicon device,
simply scts as an anticoincidence. Events of the type DlDZE and ¥
DlDzEf will be analyzed. The Dlngg events correspond to protons
between 3 and 5 MeV whereas the DlDin:events include the 5 to 22
MeV range’for.protons, for instance.

Figure 4falso oﬁtlines the pulse height analysis system, .

conditions aéd the auxilliafy bits required, A priority system

¥

‘i‘;\"‘ .

similar to HET is incorporated to emphasize rare events, and many

different count rates are monitored. >Severa1 rates are also

sectored by eight to allow us to reconstruct an angular scan.
This deteétor, like the HET, will be self-calibrating. "In

addition the telescopes have been designed such that an overlap in ;//,

the individual energy responses of the dgtectors does exist., This

will then allow cross calibrations between detectors.

Low Energy ‘Telescope (LET-II):

This telescope is designed to study low energy protons and



-
electrons in the Jovian radiatfon belts and particles of solar
origin in the interplanctary region. A schematic of this detector

1e shown in Figure 5, :

There are three elements: :

P2
51 50u - 50'mm~ Silicon Surface Barrier
S, 2.5 mm - 50 mm? Lithium-drifted Silicon
54 2.5 mm - 200 mm2 Lithium-drifted Silicon

The 83 th;ekness was chosen to minimize the electron response
without paking an'unreasonable sacrifice in the detector performance.
The detectors S; and Sy are used individually and in coincidence
as total absorption spectrometers. Sy operating in an anticoinciderce
mode inshrg§ that only stopping particies are Analyzed. In additiom,
Sp is madérﬁith a coaxial detector enclosing the center active regicn
so as to pré#ide anticoincidcncg to particles coming from the sides.
S; will stop electrons in the range 50 - 150 KeV and protoms in the
range 50 kég_- 3 MeV.  The S, detectorlwill respond to electrons
in the eneféy interval 150 KeV -~ 1 MeV and the protbn interval
15 3 MeV - 20 Me% and in these ranges an.u;;mbiguous separation of
Hélectroﬁs and protons is possible. FigureVS also lists the large
number of rates and sectored rates that are monitored for this detector.
Stopping alphas in the S; detector will have a unique respomse from
1 MevV - 3 MeV/nucleon for solar alpﬁa events.
Considerable precautions have been taken to minimize the effects
of radiation damage in all the telescopes. The primary concern is

for the trapped radiation belts about Jupiter. There 48 no reliabla

B

e R S

B Rt
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prediction of proton fluxes and low encrgy electrons (< 1 MeV) in
the Jovian magnetosphere. This experiment ;an tolerate the high
energy electrons inferred from radio data, however, the proton and
lower energy electron fluxes cpuld be large enough to seriously
damage many solid stage detectors, The detectors in this experi~
ment are in all cases fuliy déplcted devices haying average
electivic field strengths in the ramnge 150 volts/mm to 200 volts/mm.
Additionally, all detectors directly exposed or yith minimum
shielding are oriented in the telescope so that ;he rear or aluminum
contazt will be irradiated primarily. |

INSTRUUMENTATION

The charge sensitive preamplificrs, shaping amplifiers, the
outpu éata syastem and the power supplics are constructed primarily
of smiull or miniature components soldered to ”daughter”'boards which
are then éoldered to a 'mother" board which provides the inter-
connect, vThe linear g;tes, threshold discriminators, pulse height
analyzeré, integral analyzers and priority and control matrices are
constructed_by soldering dual transistors and diodes in discrete,
miniature ceramic or glass packages to hybrid, thick film substratesf
The extensive data system is constructed primarily of P channel,
enhancement mode MOSFETS using both medium scale integratiom (MSI)

and large scale integration (LSI). Much of the interfacing circuitry

1s done with T L integrated circuits, There are more than'A0,000

B A e e 4 S
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transistors in the data system.
This entire experiment including the 1ET-II radiation shicld

woighs 6,5 pounds and consumas 2.28 watts at 28 veltsa.

i
i
+
r
1
i
}

i
f
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. ‘
" I.  INTRODUCTION
. "The broposed Pioneer F and G ﬁission offers a unique opportu-;
nity to study the extended regions of the intérplanétary medium,
Furthermore the possibility of approaching interétellar elec;ro-
- magnetic conditions must be contemplated and regarded with great
interest. These points, coupled with the opportunity to study the
Jovian environment, call for a carefully coordinated set of studies

in each scientific discipline., In the field of energetic particles

we have tried to design an instrument that will provide the maximum

possible diagnostic power to examine thz2 complex field-particle in- - e

téractions oééurring in the interplanet.ury gnvironment as well as
the Jovian magnetosphere. ¢
To ac:omélish this we propose a coordinated set of two solia
Co. state detector telescopes to study chargehyparticles. The tele-
scopes are designated as: | - , o .
. a. the high energy telescgpe (H.E:i.),
b. two low energy dE/dx vs. E,télescopes (L.E.T.
o . I and L.E.T. II).
Charged particle spectra and angular distributions will be
- . . .

measured over an extended energy intexrval. These intervals are

briefly listed below, and are shown graphically in Figure I-1.

. e et e s e a
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Particle Component

Galactic cosmic ray protons

Solar protons

Galactic cosmic ray Helium
Solar Helium

He3/me?, D/

Galactic and Solar Electrons

Li, Be, B, C, N, 0, F, Ne and
their isotopic composition

Energy Ranges for Angular Distribution Studies

Energy Range

800 MeV }

4.5 -
.05 - 800 MeV T
4.5 = 600 MeV/nucleon o
1.0 = 600 MeV/nucléon'
4,5 = 50 MeV/nuéleo;
.050 = 5.0 MeV
6 Me7/nuc - 200 MeV/nucleon .

Hydrogen

Helium -

. Electrons

4

The above measurements extend the

gators on previpus Pioneer vehicles as wall &5 numerous studies on
. -0 .

.05 = 120 MeV
4.5 = 120 MeV/nucleon

.05 - 5 MeV :

i

V4

work of the principal investis . oI

‘IMPs and 0GOs. It is anticipated that each investigator will bring

to bear his full experience on previous spacecraft in his area of

competence., The collaborative effort already undertaken to design

‘these telescope systéms.and prepare this proposal will be extended '~

to the preparation and testing of the instruments and the analysis of

of the data. The operational modes of each of the telescopes are as

follows:




4

-3- | L

High Encroy Telescope: The HET consists of a multi-clement

array of solid state detectors. ¥For particles which come to rest

within £his scack (20 -~ 50 MeV/nucleon) three measuremecnts are madg--' :
energy loss (dE/dx), total energy, and range. The simultancous meanre-

ment of total energy and range provides a vgr} powerful method.for e
rejecting detector background, which is a particularly significant T
‘problém iA thié énergy regiﬁe; The teieécope is élso designed to | ”

measure the energy and charge of particles which penetrate completely

through the stack of solid state devices. In this mode three separate

@ b e e

-:+ +dE/dx measurements are made. Charge resolution for penetrating @ : & -.¢.0%

particles will be possibla up to approximately 200 MeV/nucleon,

Low Energy Telescope I: The LET.1 is a double dE/dx vs. E.

solid state detector. Two thin (100 mjcron) surface barrier detectcrs
:

¢ .
serve to define the geometry and to prcvide a double dE/dx measurement.

evsA thick (2.5 mm) -lithium drift detector provides a total energy measure=+ . .s

’
.

ment. LET I will cover the energy range from 3 to 22 MeV/nucleon. In

- [y

this interval charge resolution will be possible from Z =1 to 8. 1In
addition angular distributions for different charge species and

energies will be obtained.

.

Low Energy Telescope II: Two solid state detectors, one thin and

- <.

‘.

one thick, are.used individually and in coincidence as total absorption - .....
-gpectrometers. A third detector operating im an anticoincidence mode

iRaured that BARIY Acepping paveitlée a¥d andl¥aed, THE ERLR dBtevtar

v oo : _ .

-
s

T L
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will respond{to protons between 50 KeV and 3 MeV and elﬁgtrohs
between 50 and 150 KeV. The thick detector will.beAscnéitivé:to
protons betwcen 3 and ZO‘MeV and electrons betwecn 150 KeV and 1
MeV, and in these latter encrgy\intervals an unambiguous separation
of protons and electrons will be passible, ‘This telescope is in=
tended to be primarily a moniﬁor of solar particle fluxes.

We have developed these telescope systems specifically for
a mission such as Pioneer F and G where a réliable operation over
a periqd'of several years is required. In particulér the high
energy felescop; is self-calibrating. We refef the reader to

.

section III for a more detailed description of the instrument.

"

. oo

e




II. SCIENTIFIC OBJECTIVES

b This instrumént is designed to exploit to the fullest practical. .

L doﬁrcc the prop.oscd orbit of Pioncer F and G. The significance of S P
thcse measuroenents will be greatl} cnhanced by concurrent measurcments

with similar particle teleséopcs scheduled for flights on satellites.

.6f the IMP or similar series in near-ecarth orbits. .

The principal scientific objectives of .this experiment are:

1. To measure tﬁe flow patterns of energetic solar and galactic’ :o.c.
! particles separately in the interplanetary field. To interpret this
. measuremcnt, simultaneous determination of the energy spectrum, radial
gradient, sngular distr?pution,'and streaming paraméfers is required

for each nuclear species and over as wicde an energy range as is

practicable,

:

2. Tc¢ measure the energy spectra, and isotopic composition of

.- . to ~800 MeV/nucleon and (by use of objective 1) to unfold the primarxy::. 7wz 1) 2

.

flare and interstellar spectrum. ‘ ‘ )

3. To measure the time variations of the differential energy
spectra of electrons, hydrogen and helium nuclei over the correspond-
ing energy iﬁtérvals; During flare events, to qbfakn'time histories;

W-H:dpring‘qgieé times, to relate gross time variatiéﬁs to those near -~ -« -
-,ea;th thus deducing a spatial gradient for galactic cosmic rays.
4, 'To study the energy spectra, time variations and spatial

gradients associated with recurrent and ﬁon-flare associated inter=~

planetary proton.ﬁnd helium streams and to'define the related solar

——

. galactic and solar cosmic rays from the lowest practical energies up ... . pu-



-G~

or interplanctary aécclcration processas.

5. To proQidc information on the energetic particle distribution
surrounding Jﬁpitcr.

6. ~To try and determine the Extcnd of the solar cavity,'tﬁé_
energetic particle phenomena occurring at thié'in;erface and éhe -

cosmic ray density in nearby interstellar space,

-

We shall now consider these scientific objectives in more detail
and examine how they will be achieved by the proposed experiment

system,

OBJECTIVE 1:

To measurc the flow patterns of erergetic solar and galactic
particles scparately in the internlanctary field.

The  telescopes are designed with appropriate directional re~-
sponse tc define the quiet time flow pattern of galactic "(and probably

solar) ccsmic rays both in and out of the ecliptic plane.

Quiet-time: At high energies, the galactic_ particle streaming is
expected to be negligible. At medium energies, the detailed angular

resolution obtainable by sectoring the high energy telescope will

allow comparison of particle flow patterns with the general field

~ structure which collimates them. The directional properties of the

.
~

low energy telescope will be helpful in sorting out a possible out-

ward streaming quiet-time solar component at very low energies. The

“ .. ‘ ' .
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quiect~time. flow paticrns which the cxperiment‘will‘measurc may be

‘more complicated than currenCIy’thought (particularly at larger | . e
distances from the sun), possibly involving flow out of the ecliptic:

plane (unmcasured éo date) and hcnﬁe directional measurements point-

ing off of the ecliptic plaﬁe are ésscntial. The net result will be

an estimate of the cross circulatory pattern of cosmic rays in the

solar system. - .
The radial gradient measurements will be made by monitoring the

differential energy spectra of particle species throughout the flight

and carefully correlating them with‘coiparable data‘simultancously G e
recorded by s;milar instruments near Earth. With a:firmly established
-fempo;al “base-line' whith removes solar cycle and flare event effects,
'a,trﬁe s;aéial gradient may be derived, However, a direct estimate of ’
the gradienté of the separate species is available from the measure- -
ments of tﬁé'streaming current and the energf spectrum made by the

wiler Lyl

-...medium and high energy teie;copes.' Recent theqries'(Axford and. T oeot
Gléeson, 1967; Gleéson;.i969; Roeléf, 1969) show'that Ehe'gradient'ié4 Conme
lingarly related to the particle streaming current through the

.éiffgsion coefficient of the scattering magnetic irregularities and

to the solar wind velocity ‘through the‘energy spectrum (the Compton=- C e o

Getting effect). Since the spectrum will be measGred in detail and

~ “a.

the current flow may be derived from the velociﬁy"anisotropy’measure¥
ments of the HET, the gradient may be estimated if the statistical

parameters of the magnetic field are available. Thus an independent

.Y :
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estimate of the gradient is available from spectrum, flow and field
measurements, as a result of the velocity anisotropy scnsitivities
of the particle telescopes.

important for the separation of the solar and galactic particle

population at low ecnergies where a continuous low level flux of solar

L]

particles may grecatly modify the features of the galactic particle

gradient and spectrum, -

The above considerations are particularly

Flare cvents: A fundamental problem relating to solar cosmic rays = -«i

that of deducing the flare particle specctrum and composition - requiras

isolation of the effects of interplanctary propagation. Early in .

flare events, the low and medium energy velocity anisotropies are
H (=1

extremely wall correlated with the local direction of the magnetic

,

field at 1 AU. As the orbit nears 5 AU thé:magnetic field structure
H

£ article velocity

may not be as well defined as near earth and flare

o

 énisotropi¢s could well be the best means of tracing out the connection --

C

of field 1lines back to the sun,

Measurements over a wide range of energies covered by the high, -

and low encrgy telescopes will provide tests of models of interplanectary
propagation unavailable with only neaxr-earth observations. Time

histories recorded by similar detectors near earth and enroute to
T e

~ Jupiter will define the azimuthal spread of flare.particles (or the <

~. A

radial variation when the spacecraft are™on proximate field lines). ~

oW - ' ¢ . .

e

.. pegree e

A
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OBJECTIVES 2 & 3:

To measure the hvdrosen and helivm enerov snoctra and isotopic

CULpOs LU1IA0 L0y

RPN
SaaaiulS an

o~ . o~ 5 [N . S Ty ey we e
Sola CosIC Ve o cnaren

Ll Tay IR SR

\,

ranpe trom the lowest practical cicraics Up Lo ~ 00D MoV/one)eon.

i

asure the time variations of the differential spectra of .

To me
electrons and hvdrosen and helium over the corresponding encrey .
intervals. .

Since the :particle telescopes will cover two to three decades in

encrgy for hydrogen and helium nuclei {and also electrons), de-

modulation of solar induced changes will yield extensive interstellar

spectra for these particles. Of cours:, 'if the modulation region

terminates within the Jovian orbit (as do, for instance; some comet~ .

tail interactions), then the high charze and spectral resolution of

the detector system is capable of directly obtaining detailed inter~

‘stellar spectra.

Modylation theories can be critically examined by comparing the

spatial dependence and time variations of spectra of particles with

different charge to mass ratios such as protons/electrons, protoms /is .-

.

alphas, and the He3/He4 with solar wind velocity and magnetic field :

méasurements.

However, current ideas on modulation which describe it in terms

of a statistical interaction with a spectrum of magnetic irregularities

1968; Roelof, 1969),

may be incomplete by not including the effects on energy loss as has

B}

been suggested by recent theoretical and experimental work (Webber, -~

If this is so, the ﬁEEBurement of the energy

spectrum over a large range of enefgies,but particularly at low >

A




stellar space., In the latter, ionization losses (which vary as 22)

positions away-from earth: These include energetic stomrm particle :

~10~

energics, (including clectrons) will be invaluable in scparating . -
encrgy loss processcs from simple diffusion processes. This "local'.

energy loss may mask the ionization energy loss occurring in inter- -, e

s
PES

predominate at low energies, while in the former interactions are .-

with the interplanctary electromagnetic field (which current theory
predicts vary only as Z). Thus the variation with distance from
the sun of the lower end of the encrgy spectra of different elements

may be the only definite test of the magnitude of the local modulation.,

A o)

~The questicn is, of course, a very important one, since the inter- ... « ...,

stellar spectra contain the interstellar propagation history and source

spectra of galactic cosmic rays. The derived interstellar charge and-
isotopic composition and enérgy spect%a‘sill be a stringent test of

theories of cosmic ray origin. §

OBJECTIVE 4;
To study the encrzy spectra, time variations and spatial gradicnts
associated with recurrent and non-flare associated interpnlanctary

and to define-the related solar or

ams

proton and helium stieams,
interplanctary accleration processes.,

The low energy telescope will be particularly useful in monitor-.
ing and examining the anisotropies associated with the.wide variety of

non-flare associated low energy proten, helium and electron events at

- .o e S

events (Bryant et al, 1962; Rao et al, 1967); recurrent and long lived

particle streams (Bryant et al, 1965); and active center associated

N . . B




.

‘extended tail.

~11~

.events (Yan et al, 1963; Anderson, 1069). These provide cvidence

fof qontinuoué a;éclgraéiom processes on the sun or in interplanetary,
gpacc whichAﬁay be simiiaf to small-scale fla;é acceleratioﬁ ot couid
be an entirely different process,‘ Only with spacecraft both ncériz

earth and‘in interplanetary space can spatial and temporal variatioﬁs

be scparated so that the ecvoluton of these events can be followed

‘throghout their lifetimes (which may be several solar revolutions).

OBJECTIVE 5:

To provide information on the encrsetic particle distribution
surroundine Jupiter,

The proposed trajectories for Pioneers T and G, the proposcd spin

axis alignment, and the look angle directions of the detectors ar2 ideal

in terms of studying the Joviaﬁ radi.tion belts with this set of
deteqtors. Jupiter offers the unique opportunity in that it has the
only othe; known planetary magnetosphere in our sclar system. In a
sense it offers the 0pportunity for a "second point on the cgrve;” a-
chance to study the generatioﬁ, acceleration and loss of pa;ticles in

a'magnetosphere with different boundury conditions from that of the

‘earth. Estimates for the boundary of the Jovian magnetosphere on the

Sun side range around 40 Jupiter radii (RJ). Tt is probably not un-.

reasonable to expect that the Jovian magnetosphere also possesses an

K9
Py

We ekpect that this experiment can provide a variety of rapid
proton and electron flux measurements, together with pitch angle dis-

tributions and rapid 8 channel spectra in the low and medium energy
W , _ . o
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. -

PN " ‘ . . ‘ : . . . ' , .
regimes deep within the Jovian magnetosphere. Much of this information

could not be supplied by a typical trapped radiation detector sized for -,

R . a 3 R; pass _because of the detector genmctrical factor which is several .-

orders of magnitude smaller. The low energy telescope detector system
can handle penetrating fluxes approach{ng 5% los'pa:ticles/cmz-sec-u. .

ster before pulsc pile~up becomes a major correction problem. - e

: " OBJEGTIVE 6:

To try to determine the extent of the solar cavity, the cnorodtic
. particle phenomena occurrin~ at tiis interface and the cosmic ray
density in necaxrby intersteliar soace.

o]

o

The termination of the modulation region is a lower bound on the -
extent of the solar plasma, and a useful one since the extent is pre~

écntly urcertain within (at least) an order of magnitude. By careful

analysis of the energy spectrum flow pntterﬁ and gradicdt-throughout
v . A

. the flight, such a termination may be detected if it is < 10 AU from

. the sun.

CORRELATED MEASUREMENTS : . i ‘ e

Correlation with near-earth particle measurements. The spatial/

- temporal structure of solar and interplanetary events can only. be

deduced from continuous monitors at a variety of radial and azimuthal -

locations. Co-rotating.particle streams, interplénctary plasma shocks

-~

and Forbush decreases are obvious examples in addition to customary =~ i1 JUIT

flare events. Quiet-time fluxes measured on the outward journey cannot
, be interpreted in terms of a galactic gradient unless a sound "base-Tine" V//

for the solar cycle-dependent time variation of fluxes can be derived
: y o .
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from comparable detectors in near-carth orbits., Fortunately such.

detectors arc schecduled for a concurrent period on IMP H, J and K.

Correlation with on~-board magnctometer and plasma measurcements.

The strong collimation of solar particle flow .along magnetic field‘lines
during all but the late phases of solgr flafe gzggii is well established
near 1 AU. However, at S‘AU the field may be quite tangled due to the -
Ywinding'up" of Ehe Archimedean épiral field; it would make an average
angle.of4~'800 Qith the éolar radius vector., If the field at tuis
'distance is more disordered than at earth, the reverse situation to
th%t at tte earéh may hold; angular flare particle distributions may
aid interpretation of complicated magnetic field meééuremeﬁ;s.»u?hg i
need<for associated magngtic field measurements in interplanetary shocks
andAForbush'decreaseS is ‘self-evident, Recént theoretical work (queson,
: H
1969; Roelof, 1969) has shown that the average mdgnétic field direction ﬁ//
governs the flow of gquiet-time particles,” so éimultaneous particle- | Coe
. . . .
field observations are required. o




ILI. DETTCTOR SYSTIY

A set of 3 solid state detector'telescnpes.is propdsed to
accomplish'the‘sciéntific objectives listed above. We shall now
discuss these telescopes in some deﬁail and how the measurements are
coordinated to provide a comprehensive and redundant set of cosmic
ray measurements. The redundance of the scparate sets of mcasu;ements
as well as the self-calibration are important features of the system
we are proposing. It is a total necessity in view of the prolonged
nature of the Pioncer F and G missions and the controversy that

currently exists over the interpretation of gradient and anisotropy

measurements made in the 0.7 - 1.5 AU interwval, .

”tHigh.Encrgy Telescope:

The high energy telescope is a three «lement array (figure III-1).
' :
Two of these ~2lements are single lithium dyift detectors, 300 mm?

area and 2.5 mm thick. The third element is a stacked arrangement

of five 850 mmz, 2.5 mm thick lithium drift detectors. This:gelescope AN

has two basic modes of operation -~ penetrating and stopping particle o

modes. For penetrating particles differential energy spectra are obtainedl_
AW

for helium and hydrogen from 50 - 800 MeV/ndcleon. The stopping

'pérticle mode covers the range from 22 - 50 MeV. We will consider each of

< > .

~these modes separately. : C e
e _ i
High Energy Mode: ’ //

The primary mode of operation is triggered by a particle traversing
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A, B and the complete C element as identified by ABC3 coincidence, i
t The quiet time‘distribution of galactic cosmic fays is such that a R D
well defined minimum»ionizing peak is obtained from A, B and C. The';i
position of this peak in both tﬁc proton aad alpha particle region - . »
provides a selfvcalibration feature which allows for the detection |
and correction either in the detector or ass&ciatcd eiectronics..
This detector can measure the quiet time flux of galactic cosmic
ray protons inthe region 20 - 800 MeV. The ability to perform such a
measurement bas been amply demonstrated by the analysis of the August
1961 quiet time qata from Explorer XII. Since the relative calibration
throughout thke flight ;an be determined within 4%, ié'is felt that
the flux charges greater than 3% can be detected in ghe 20 - 400 MeV - e
region. In the interval 400 - 800 MeV long ferm £lux changeé greater
than 5% can te¢ measured. The detector syste; proposed bere has a
factor of.~1.8‘improvement in resolution over that of the Explorer XII
e ~-telgscope., This should lead to a well defined alpha peak (wh%ph-ycﬂnbwffﬁﬁ alsna
. detect in our OGO V (dE/dx)3 telescope). This will provide informqtion PREE :
on the relative flux of alpha particlés inche rééiod 20 - 800 MeV/nucleoan.
In the energy range 20 - 120 MeV/nucleon it is possible to identifyj) )
;hg direction the particle traverses the telescope. This makes it pos- i
sible to measure angular distributions over this interval. An accurate
(32<J  1ntergra1:f1ux of both hydrqgeh and heliuﬁ‘abovéuéoo MeV/nucleon is also

determined. Differential\spectra will be mea;ﬁred between 120 and

~800 MeV/ nucleon. W
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The look angles for this telescope are defined by figure IV-4.

traints set by this position of the exper- .

U)

There are two primary con
iment which are also discussed in the environment section: . : .

+
i

]

-

a. There must be a bi-dircctional lock angle. o xperiment
can tolerate ~,050 g/cm? of ud<1t nal mat al in the
forward ditrection, and .25 gm/cm? in the back direction, -

b. The maximum tewmperature must be less than 40°C.  Con

R

will be given to_provic;n° micrometeorite shielding
consultation with the project. -

H-H

ation S

dexr
ECT = e o mmm e

151
P
ax

Stopping Particle Mode:

Stopping particles are identified by the coincidence requirement

AEES. This covers H and He from 20 - 54 Mev/nucleon'and electrons

from 1 - 5 MeV. The A and B detectors define the parzicle acceptancc

.

cone while the stacked array, C, measures -both the residual energy and

the range. "
' t

All elements in the telescope are pulse height analyzed. There

[

’ Q " .
. are four measurements for each event, 2 dE/dx, residual energy and:rangei~=: ‘-

”

while there are .3 dE/dx measurements for penetrating particles. This™ ~%" ="

[y

provides the ability to use selection techniques to improve resolution

~and provide discrimination against unwanted spurious events. We belizave

that this improvement in resolution may be sufficient to allo& us to

resolve the isotopes of H and He. Ve, further, bel}e&e that this E
combination of dE/dx, E and range totally eliminatés the need for a ~ EETIETRE
"gu;rd" cougter. On IMP-IV we have flown a téﬁee element E vs., dE/dx

where the anti-coincidence requirement is relaxed on alternate readouts.

With the anticoincidence relaxed adequaté resolution is obtained in the

Ao




A

I and e

- provide a method for determining energy spectra of solar cosmic rays

measurement of residual energy and range allows us to accurately

-plng particles in the usual way. ' . P

Low Energy Telescopes: (LET 1) ) - . S

.and D, are identical silicon surface barrier devices each 100 microns

. “l7=

S g s 34 e

range from 4.5 ~ 22 MeV/nucleon., With the addition of a

Llu

well defined aperture, and the particle range we feel confident that ;

= ampnry

the added complexity of a "guard" counter would not offer any improve- , &

R

N e

ment in detector resolution, ‘ : Y

We have supplemented the pulse height data with .a number of dif-

T e ey

ferent rates. The rate data has two important uses. They should

on a very short time scale. They will also provide a means of tea-

l \/ b
. R T .

suring the anisotropy of these particles on a short time scale by . AR

‘o, '-:fmg;ng ‘ L8

sectoring some of the rates. '

The telescope is essentially self-calibrating. For example, the .

determine end-points for various particle species in each element of

the range array, The A element can be calibrated in-flight for stop-

o

.

The low energy telscope (LET I) is a three element dE/dx vs. E

detector sensitive to protons and higher Z particles in the range 3 to

22 MeV/nucleon. The telescope is designed to measure both energy spectra

and angular distributions over this energy interval.  This represcnts

Yo«

LET design to take into account the effects

T

a modification of the previous

of an isotope power supply. Coe

The detector configuration is shown in figure II1I-2. Detectors D1

\» . .

e -
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thick. They serve the dual purposes of defining the geometry of ﬁhe_
. detector télcscopp and alSo_providing a redundant double.dE/dx mea-
surcment, Detector E is a lighium drifted silicon device 2.5 mm in
thickncss. I£<servcs-as a total enérgy measuring clement. The F
fdctecfor, a 1 mm thick lithium drifted silicon Hcyice, simply acts
és an ancicoingidence; Events of the type lezﬁ.and DIDZE?'wili be
analyzed. The DyD2EF events correspond to protons between 3 and 5
MeV whereas the D;D,EF évents include the 5 to 22 MeV range for
protons., |
An important innovétion in this telescope (as in the HET) is the -

abséﬁce o£.a guard 6o§ﬁter. With our well-defined gégmetry and rgdunf

7

dant dE/dx mcasurements the background intensity should be minimized,’

In addition the low mass_and small geometry for particles eaterine the
2 & .l" IS ]

. E element from the side will further reduce background levels relative

to larger, more massive detectors flown in the past. This techunique

allows us to do away with the weight and power consuming. photomultipligi~ "7 .=

scintillator systems used in the past. , ' _ .

* This low energy teleséOpc will cover the charge range Z = 1'to 8
(exclqding electrons). This will require circuitry having a single

linear région with ‘a dynamic range of 1000.
State of the art technology will be used with &1l solid state

dévices. This laboratory has had a great deal_of'éiperience with. such
. . » /
detectors used in spaceflight applications. Overall system noise levels

_{detector + electrénics) should be_in the neighborhood of 30 keV for each

ot e s g

g e
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> =.Kggrgive rreferential coverage to the rarer events e.g., alpha particles,

wﬁfr\wu heavies. During large solar events the dé;ectors will almost certainly |

/ -19- | N 2
detector. The minimum enersy losses of interest will be ~400 KeV,

-

This then gives us a worst case resolution better than 10% FWIl, «
.. Precautions will be taken to minimize the effects of radiation damage.

In all cases fully depleted deviceslhaying electric field strengths in

“excess of 150 V/mm will be used.

We intend to sector several rates from the LET I. Division of

&
3\ %

N ) v ’ + . » »
the data into 8 equal sectors will be commensurate with our viewing
cone half angle of 25°. To obtain an cngular scan we require mounting
/ such that the LET look direction is perpendicular to the spin axis of

the spacecraft.
{: N : ‘ . . . + y .
cyo M A priority system will be incorporated. into the electronics to

L
. KXY

-

My

ik . AL
¥ b

Av;“ﬂﬂ be readout limited. The priority system will select these ﬁgtc,particles

for analysis thus artifically enhancing the fraction of alpha particles
rd

 ?f;aqd héavies in our data. Of cQurse; rate counters will allowyﬁs to :V/f#'~
determine the true ratiqs of these pafticles in inteéplanetary spége:f
+ This détector, like the HET, will be sélf—calibrating; In addition
the detectors will be designed such that an overlap in the individual
énérgy resﬁonsés of the'deteétors wiil exist. This will allow Cross
calibrations.between detectors. . =

-~

~

3. Low Energy”Tclescopc: (LET II) /»-%

This low ene:gy'detector system is designed to study very low energy
protons and electrons in interplaﬁetary space. Studies in interplanetary

Cae .
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space will be primarily limited to particles of solar origin. Encrgy
spectra and angular distributions arc measured. A schematic of the

detector is shown in figure III-3.

There are three elements: ' ) : 9
. ’ LT C 2
Sy 100u - 50 mm? Silicon Surface Barrier ' g,
/ ”~
» . . S
SZ 2 mm - 50 mm2 Lithium-drifted Silicon . -
Sy l om - 200 mm? Lithium-drifted Silicon

.The §; thickness was chosen to minimize the electron response without

making an unreasonable sacrifice in the detector pcrformance. “A total
resolution of 15 - 26 KeV will be easily attainaﬁle. We have determined
in the laboratory that speciélly constructed.detectors‘of this type are
ipﬁensitive to sunlight. Using this technique, we can have detectors

exposed to surlight with proton thresholdé,of 75 KeV, Mechanical

collimation is used to limit the detector's field of view to + 15° and

" thus provide a reasonably fine grained measurement of angular distributions.
The top detector $1 will stop electroqs in the range 50 - 150 Kev: St

~and protons in the range 50 KeV - 3 IQV. The S2 detector w111 respond

to electrons in the energy interval 150 KeV - 1 MeV and the proton

interval is 3 MeV - 20 MeV, Stopping alphas.in-the Sl detector will have-

a unique response from 1 MeV - 3 MeV/nucleon for solar alpha events.

The proton and electron responses. for the very low energy system are

ta,

idealizations and do not include the effects of electron scattering

which are significant at these energies. We have calibrated similar

..

-detectors in 50 KeV and 2 MeV electron béams.

A . *

summarized in figure III-4. Note that the electron response curves are Lot

B T
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There are three basic operating modes for this system that are
specified by the following logic:
815,83 50 KeV < Eg, < 150 KeV

_ / 8 levels
20 KeV < E < 3 MeV ‘

P
150 KeV < E, < 1 MeV/ 8 levels
8,5 3MeV < E < 20 MeV/ & levels
where Ee = clecﬁron energy and E = proton energy.
: P )

' The advantages of this system are tvofold:

1. The double valued response of the usual one-dimensional
detector is eliminated by removing all penctrating particles.

2. Electrons and protons are unambiguously separated over a
significant enexrgy range. '

Each of the three logic modes is connected to an 8 level ... .. | e
integral analyzer. This should provide zﬁgle energy resolution for

spectral measurements, ' .

It is proposed that two levels for each logic mode be sectored.

This might be as follows: ) . ',u
50 KeV < E_ < 3 MeV - ’
Gy . P
. _ 500 KeV < Ep“< 3 MeV
\ .
_ 150 KeV. < E, < 1 MeV
S$.5.S, , ‘
17273 . 500 KeV < Ee < 1 MeV

' _ o 3MeV < Ej < 20 MoV
515253 | - | “:
- : 10 MeV < Ep < 20 MeV

-~

‘We have allocated the weight and power for the sector accumulators in

the weight and power budgets.

A detector of the S. type has been integrated into the IMP-G

1
spacecraft by the Goddard Space Flight Center group. A system of the
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type~81

for IMP-"eye". This includes. both 8 level analyzexs and sectoring.

We are mercly adding S2 to an already developed detector.

The proposed mounting schemes are shown in Figure IvV-4,

plete pitch angle distributions from 1 - 5 AU.
% B et - f
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S3 has alrcady been developed with all logic clements designed

The viewing angles are obtained should allow the determination of com-
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IV.  INSTRUMENTATION

A. Introduction: K L . .

. . . . . . ~

The instrumentation.described herc uses existing, proven, low power
circuitry with some available improvements in semiconductoxrs and, in

general, more efficient and lighter packaging. Our flight experience

with similar equipment in the past several years is consistent with the

required lifetimes for these missions. We will approach the description

¢

- of the instrumentation by describing the opjeration cf each of the tele-

scopes first, followed by a description of the individual circuits, the

data system, parts, the mechanical system, thermal requirements, environ-. :

mental problcms, the spacecraft interfaces, quality assurance provisions,

and the weight and power analyses.

B. Low Energv Telescope II:
Figu?e.Ile is a simplified block diagram of the detection system

and shows the logical conditions. The charge signal from each detector

is-integratedland converted to a voltage pulse, then shaped.and amplifigaf

discriminators fire if their thresholds are exceeded, providing the

inputs to the various logic circuits; and if the conditions are met, the
proper linear gate is opened, and the signal is analyzed into one of 8

channels by thé intcgral analyzer.

~. Y

analyzer. Additionally, two more registers i}e used to monitor the

A 24 bit register accumulates the data for each channel of each

N, 5.3 5 3 5 : ; - '
'1:52555 S1 52 S3, Sl 82 83 and Sl 82 S3, and 8 more are énared in accumu-

lating sectored (x8) information for Sy .§2 53, 51 S2 53 and Sy 5, S5.

A ) ¢
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LET~T: (Firure IV-2)

As with thQ.LET—II, charge pulsés from each»of the solid state
detectors are converted into voltage pulses by low noisc charge scansi-
'tivg.preamplifiers. The outputs of threshold circuits for the Dys Dy -
and F elements are fed‘igto logic circuitry wﬁich produces a pulse when
the D1D2; condition is mef. This pulse is in turn used to ope; the
-Dl;.DZ and E linecar gatéé. Each of the analog Dy, D2 and E pulses are
then fed iato three 1000 channel lese height ggélyzeis; Ten bics
will be requi;ed for each PHA and two bits for priority level identifi-
 .cation? plus an.additional bit to identify this group as data from .-
LET~-I. This is neceésary.sinée we'shéfe the differgntiallpulse height

analyzers between LET-I and the HET. Orne B-level integral analyzer is
shared between D; and Dy Dy E F. Six%een'apcumulators are shared

between the various rates and sectored rates.

C. High Energv Telescope:

Figure IV-3 is asimplified block diagram of this system, and the:

logic is -shown. Again each detector has its_ own charge sensitive pre- -

amplificr, shaping amplifier and threshold discriminators. Detectors
‘A, B, and C; = C5 each have two threshold discriminators selecting -

protons, and He and above, respectively.

. - o
To discuss the logical arrangement, considar a particle entering __,

. / 2 \\ E“‘

fhrough A, B. Pulse height analyzers 1 and 3 aﬂalyze tne A and ZCV ¢
1

pulses rGSpectlvcly, while PHA 2 analyzes B or C3, depending on

whether one has a penetrating event (C3) or not. In addition to the

three 10 bit addresses associated with an HET event, we require 2 bits
8 . * . .

/

Y

Y

T
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, . tre
fy the data ag HET; 1

to Identify the pridrity mode; 1 bit to identi
bit to determine if the PHA 2 address is B or C,; 1 bit to determine
“if C, was pcnétratcd (range)g and 3 bits to idcnci£; the spin‘scctoy s
in which the event occurred. The Eimc-sharcd priority modes listed
on Figure IV-3 refer to stopping particles <A§E§), stopping heavips
‘(ABE;; thresholds for He and above), penetrating heavies ABCq (h and
Cz > 2x ﬁinimum},“and all penetrating parcicles (ABC3). The many
rates listed will be internally comamuta:zed into regiéters.
- Note that while PHA 1, 2 and 3 are shown both on Figure 1IV-2 and

Figure IV-3, there are in fact only throe differential. pulse height

analyzers within the experiment and they are block shared between the

| HET and LET-I.
D. Electragigg: ‘ . .

1. Charge S;nsitive Pfeamplifiers: The charge signals from each
s0lid state detector are integrated and converted to voltage pulses in
'thgsc'amplifiers which are similar to the units used successfully on.
IMP's F and G and 0GO-F. While ;he existing noise performance easily
exceeds the requirements of any of the deteczbrs, modifications'have

" been made iﬁ‘some units to'accommodaté'the very wide .range over which
linear respbnsevis required.

2. Shaping Ampiifiers and Linear Mixers:. Tﬁé'voltage signals ftom

\the4preamplificfs are shaped by actively aifﬁeréntiating, integrating
and differentiating at‘equal.time cons tants while being amplified as
necessary. The éime constaﬁts will probably be éhpseﬂ to be ~ 0.8 psecs,

allowing for the charge collection time for some of the thicker detectors

L

e
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while still giving adequate signal~to-noisc and high count rate

capability. The High Encrgy Datector also requires a linear mixer
to sum C1 and Cé linearly for pulsc height analysis.

3. Discriminators and Logic Circuitry: Very stable, tunnel diode :

“discriminators are used as threshold devices to set up the required

-
.

logic conditions amongst the various detectors. We have used these
circuits ecxtensively in the IMP and 0GO scrigs. The coincidence/
anticoincicdence logic which follows is quite conventional.

4, ©Pulse Height Analyzers: Fast integral pulsé heizht analyzers
arc requircd for LET-I and LET-II. The 5 differential pulsc height

analyzers rcquired are our standard units using a 2MHZ ADC. Conversion

will be to 10 bits. The pulse height analyéer consists of a linearx

.éaﬁe, buffer amplifier, delay circuitry and the A to D converter.

S. Data System: This experiment usecs én extcnsivgldigital data
system to acquire the mass of spectral and flux informétion requircd.
Nonetheless, the system is low weight and low power. The basic build-
ing-block used throughout the;system is an 8~bit counter wiéh companion
8-bit shift tegister, transfer gates.and control logic. One of these
is.used to accept each ADC output directly and together with the gain
change bit, makes up a 9-bit pulse height word. Three of the basic
blocks are connected together to form a 24-bit counter for the rate
.“channels, and the interconﬁect of the shift reg{stcr allows for
logarithmic compression to 10 or 12 bits. The inclusion of a shift

register for each counter'register allows us to take data based on

_timing or sectoring information and store it in the shift register to

A LI
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awvait telemetry. The same MOS tcchnclogy pronosed here has been sroven

by > 300 million device hours in space on INP's D, E, F and G with only
2 possible device failures. Analysis has shown that it is improbably

that the failure was in the MOS device in these cases. They are extremely.

reliable devices. The circuit layout and interconnect are exactly those

..which have bcen used on IMP-I. A larger chip containing the circuits

of three present chips is currently undergoing qualification testing

for use on IMP H and J and the Planctary Explorers. I£f the qualification,

continues successfully, we would plan to usc the larger deviées:to

simplify the interconnect and give us éorc weight margin, - -
6., Power Supplies: The experiment will requiré~approximately six

low voltages to supply the electronics systems and five higher voltage

biases for the solid state detectors,  These will range from ~ 25 volts

‘to ~ 600 volts with a capability of up to 5 y amp per detector.

7. Secctoring System: Since Pionecers F & G will supply sectoring

. pulses, we will use the sece-Sun/Star pulse and the x8 pulses to generate

_electronically 8 equalsectors in the rotation of the spacecraft, organized

»

around the detectors see-Sun/Star.

-8, Solid State Detectors: All devices included in this proposal

.are commercially available devices which are procured to our rigid =

-

specifications., They are then tested and analyzed in our special

..

laboratories. Our experience with these devices over the past &

years in OGO and IMP experiments has been excellent. Other experimenters
have had greater than 5 years successful‘flight history on a large group
£~

of these devices (Williams et al., 1963 38C). The extensive testing of

these devices in severe radiation environments by a group at the Goddarxd

e
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Space Flight Conter (Love, Trainor and Williams) and the National
[]

Burcau of Standards (Coleman), has resulted in much new knowledge on

how to best use these devices (Coleman, Love, Trainor and Williams,

:'19683; 1968b). This work is continuing, as is the collaboration with

Dr. JosephColeman of NBS. When purchased from a .reliable company to
a stringent specification and when céfcfully tested and analyééd; we
have shown that these devices are excellent and reliable particle
detectors for space research.

E. "Mechanical Svstoms:

Our proposed mounting for the experiment detector systems is shown
schematically in Figure IV-4. LET-I and II ére unidirectional and
look out petpendicular to the spin axis as shown. If therc were a neced
to tilt them towards the spin axis in the aw;y~from~earth sense, in
order to avoid a possible solar array cr boo&, thisfcag be done.
On .the other hand, the HET is bi-directional 4in its response, and
can tolerate only ~ 0.050 gm/cm? of material forward of detector A,
and ~ 0.25 gm/cm? in the back &irection. Actually we intend'to use a
multiple thin titanium foil approach, zs has” proven successful on IMP
and 0GO. As shown in Figure IV-4(B), the detector asscubly must be
in some sort of bubble’or enclosure outside the main body in ofder to get
the clear look angles. Additionally, if we were mounted on faée 1
\(Figure IV(A)) ‘and a boom was also egtended ayayhfrgm this face, then we

would have to cant the detectors look cone to the right or left to avoid

the obstruction.




‘assembly to be quite close to the detector assembly.

these ranges are not observable in the data.

. o -29-

The specifics of the mechanical mounting (for the detector assembliecs)

e
.

are quite unclear in our minds at this timec, since spacecraft drawings’
are not available. Conversations with the engincering representatives

4 ~

LCCUOols

Hh

of the Pioneer project office have led us to assume that our de

<.

will be mounted to our honeycom® bascplate which extends from the main .

body of the spacecraft. The entire asscmbly will be ecnclosed by a

“bubble or a box of some sort. We have included the weight of the honey=-

comb bascplate within our weight analysis.

Wé cstimate the electronics systems will require ~ 300 cu. in. with
a large number of form factors available. The actual form takcn.c;n_be
determined in order to efficiently use theiavailabie space. In view
of ﬁhé‘largc nuﬁbcr of wires carryihg low ﬁoiée signals from the detoctor

ear that it is necessary for the main electronics

[

assembly, it is ¢

H

Thermal! Requirements

‘The absolute maximum temperature must be less than 40°C to insure = :

long life for the solid state detectors. The Pioneer F & G compartment

specification of -20° to 4+90°F is accep:table, but we would prefer a
;100 to +20°C region if a choice is available. The performance of our

detectors and electronics are such that changes due:to temperature over

"

G. Environmental Protlems: Y/

In addition to possible problems with micrometeoroids which we
have already discussed, the possible problems of radiation damage

concerned with the Jovian encounter must be evaluated. Since thiz is

o s g i S 12 2 e
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‘damage are the detectors themse

/ : _ . =30-

intimately dnvolved with the trajectory, we can begin by sayiag that
we feel the trajectories outlined for Pioncer F and Pioncer G.in P~200

are excellent choices. Additionally, the high energy clectron belt

predictions by Eggen are probably conservative. However, the proton

predictions Eggen which arc repeated in P-200 are derived in a much

-

different fashion and are subject to huge uncertainties. In shoreg,

we have no cdnfidcnce that thevprotons will be limitgd to a belt as
suggested in Section 4,2.2 ofr?~200 but‘exéect to find them throughout
the region where the electrons are shown as wei . At this'time wWe Know
of no onc who hasg been asle to predict the details of such a proton
bclt;' Add%tiqnally,”wﬂile Egzen's proton model déalg'with protons . from
100 KeV to &4 eV, we are much more concerned‘with the protons from

~ 4 MeV to ~ 700 MeV, for instance. .

thin vhis experiment to radiation

r

Ces W

i

The two most sensitive dev
lves and the MOS transistors in the

data system. Integration of the electron fluxes shown in Figure 4.2.2

of P-200 leads to an integrated worst case flux greater than ~ 5 MeV -

0£'§'1011/cm2. This can be compared with an acceptable fluence of

[ T/ . .
~ 10" /ecm® of penetrating electrons before damage effects become
noticeable at all for our solid state detectors. Since we have no
energetic proton flux predictions, we can only calculate what is
required to do damage to our detectors. Detiglcdﬂradiation damagg
testing on solid state detectors has been carried out at the. Goddard

Space Flight Center over the past two yecars and is continuing in

conjunction with the National Bureau of Standards. This work has
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led o wo recent, comprehensive papers (Coleman, Love, Trainor and

Williams, 1968a; 1968b). For protons less than ~ 1 MeV, we can
easily tolerate an integrated fiux ox {luence of 1017 protons/c~2
in the way in which we operate the.detcctors. For protons with
encrgies greater than 4 or 5 MeV, our detestors could tolerate a
fluence of at least 1013 protons/cm2 bcforcvany noticeable ef}ects
occurred. The Eggzen proton model predictions would be several orders

of magnitude below thesce limits fov a Pioncer

s previously noted, we nave no faith in that model. Taus, walic it

©

&

secms that we have a comfortable margin, thie fluxes there wili be
known only when someonc sends an instrumert there.

The case for the MOS transistors is scmewhat more complicated.

They arc better shielded than the solid state dcotectors, so that prcba-

encrgiesvgreatér than 3 MeV Qill penctrate. Much of the 'solid angic
will be shielded even from:m;re energetié particles. With this in
mind,'we cstimé;c that thé.élcctron démage cffects‘Wi}l.dbminate, just
as in the case of a system orbiting in the Earih's“radiatibn belts.
Detailed workadoné at the Goddard S§ace Flight Center on the radiation
damage ecffects of pcnetrating cléctronS on these MOSFETS has shown

2

12 SV -
that they can tolerate 2 10°“ electrons/cm“ of seVveral MeV before

gate threshold effects begin to affect circuit pcrfofmance. Flight
experiments on IMP D, E and especially F have shown that the degrada-

tion effects measured in space for a given fluence have been smaller

than those measured in the laboratory for the same fluence (Woligang,

[—




~or possibly anncaling. 1In any event,

o "."\" - 1 I - PP -..A.-..» > . s ~ e - 2
1968) . This may be due to rate of frradiation cffccts on &

t azain scems that we have a

Foe

.

cr than an order of magnitude.

o8
T

comfortable margin, probably much gre

the problem of "maverick"

O
.
O]

im

o

Of more concern to us at this

- semiconductor devices ragardless of their type. Since we wili be

.

going. into a radiation regime more sovere than we normally have to

&)
[44]

contend with, the problem may be secvere. ny»the word '"maverick' we
refer to those semiconductor components who individually are orders

of magnitude more sensitive to the radiation damage cifects of a

given fluence than the mormal device of that type. The data avail-
able to usc.(New Moons Program for the usc of RIG's in space) suggests
that this is barticuiarly a proglem wizh bipolar traﬁsistors and
junction diodes., QCur approach here has bgeﬁ to design an electronics
system that has many parallel paths 1cmding'to daté'ouyput to the
spacecraft, so that a particular device failure leads to a minimum
ioss of ihfofmation from the experiment. Aite;nativcly, if d;sired
by the project,we could use semiconductors which have been cheened

by radiation exposure and test in order to discover such '"mavericks."

rferonce:

O

H., Elcctromaanetic Int

Our past experience leads us to be confident that this experiment

~

will not be a source of electromagnetic interference. Similarly, we

"are able to build this experiment so that we are virtually immune to

.

such interfercnce, As an example, one of us has a solid state detector
experiment with thresholds set at 30 KeV and seeing no interference on
0GO-F, one of the dirtiest spacecraft from the point of view of clec:ro-

v

magnetic interference,
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1. Cnmnwrd:

.

Va =%
In addlLlon to the normal power command, we anticipate the use off T E

e

two other commands in controlllng various modes of the QﬁPCf&ﬂCﬂL. We

"are assuming that the sharing of telemectry with Filluis et al., will
not require a command by this experiment.

J. Telemetry Assignments:

——————

Cur 1mp1empntatlon of this experiment leads to a desirable experiment
data word of 12 bits. The data scheme workazd out at the April 1969
Working Group Mecting was to ~nsign a 12-bit block/frame to Luls cxperi-
ment alone and to assign an additional, scquential, 27-bit block to this
experiment when the Univ, Cal. trapped radiation exéeriment is not on.
ft i anticipated that the Univ..Cal. experiment wiil be on.short time
each day whcn‘poséible, and on all the timc’at encounter.

We require that the 12-bit block pracede the 27-bit block, and that

we be furnished an "“anticipate pulse' begirning one or two words before

our 12-bit word gate. This anticipate pulce tells the experiment to

stop data computations/transfers and freeze the data in the output

‘registers in anticipation of readout. Similarly, we prefer the 27-bit

block to come to us as a 12-bit gate word plus a 12-bit gate word plus
a 3-bit gate word,
Internal to the experiment, we will commutaterthe various pha V///

addresses and the many rates into a synchronized‘sequencc of 12-bit

) IaY
< . ‘y
words which aré read out as one word per frame op three words per
. { :

. frame depending on whether the Univ. Cal. experiment is on or off

respectively.

mw,mwﬂ,ww,mi

g
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'N. Quality Engincer:

“34- . '

_Tor housckeeping and status measurcments, we require 4 analog subcom

words, 1 digital subcom and one bi-level indicator., S

K. Weicht Analysis:
i

Our assignment of 4.3 pounds still appears to be adequate, but with ;
some uncertainty in view of the many unknowns of the mechanical mount-
ing schemes. Additionally, as pointed out in our original pfoposal,

our -developed, proven circuitry uses many parts which are not on the

‘Tioneer Parts List, and changes in many of these parts will significantly

affect the wcigpt. Most of the data system is to bé built using MSI/IST
MOS. Most of the linear circuitry will be buiit using thick film
substrates, FEfficient packaging of thesa :hick-fila éircuits roquires
the use of low profile, dual transistors in TO-89 ceramic packages,

for instance. A very detailed parts list, parts qualification and

weight analysis is in preparation. t

L. Power Eequirements:

Based on a 28 volt, 1% power source to drive the converters, we

calculate the required power from that. 28 volt bus as 2.2 watts.

‘M. Project Enpineer:

As defined in Document P-200 of the Ames Rescarch Center, the
Project Enginecer for this experiment is Donald Stilwell, Code 611,

Goddard Space Flight Cepter;

Mr. Harry Doyle, Code 312, Quality Engineering Branch, GSFC, has
been assigned tehporarily to oversec the quality engineering aspects

of the expecriment. The work of he and his associates to date has
“ ) _ .
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consisted of a thorough review of the extensive Pioncer quality

specifications. Permancnt assignment of a Goddard Q. E. engincer
to this experiment will have to await center manpower reviews which

should be coﬁplete in ecarly August, 1969. If Code 312 is not able

to supply the engineer, then we will contraqﬁ for the support,
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DATA POLICY:

“In Section

1 under "Correlative

.
St

udies" we indicated the impox- \\

tance of knowing the magnetic ficld magnitude and direction. In

addition the solar plasma density and velocity would be important. We

would propose making portions of our data available on a short time

scale or perhaps on the original data tape. In return we would 1i
obtain similar

experimei

ts.

averaged quantities from the plasma and magnetic
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VI. Effeccts of RTG

Je understand that there is a definite possibility that a radio-
isotope power supply (RTG) will be uscd as the spacecraft powcr‘sour;e

on Pioncers F &G. To determine whether radiation from the RTIG would

impair the operation of our detectors we exposed some sample detectors

similar to those we will use in flight to the-radiation from a SNAP-27
- QTR T TSR IR Y

generator at TRW Systems. The devices used were a 25 2 areca, 50

. . Cqs . ' e 2 :
micron thick silicon surface barrier detector and a 500 mn“ area, 3 mm

thick lithium drift detector. Pulse height spéctra were taken at

various distances from the RTG. Integral count rate for these devices

at a distance of 10 ft. (the most probable distance in the spacecralt)

are shown in Figs. VI~1 & VI~2. The effects we expect on each of ouxr

'
.
N .

detectors are outlined as follows:

:
1. HET: The data in Fig. VI—I.from the lithium arift device
iS«relevant for the HET. From this data we,expcct‘Fhat
no effect will bé seen in the coincidence mode of 6§er;tion=
. of the telescope {50-500 MeQ/nucle;;). The background
-intensity from the RTG is much too small to produce any

accidental coincidences. We expect, however, that single

rates in all elements of the telescope will be affected.

. Ourllowest threshold in these devices\will be ~ 100 kev.

From Fig. VI~1 the count rate above this threshold from
the RTG will be ~ 60 cts/seé, A factor of four reduction

in this intensity may be possible by proper orientation

tow . . : .

T I O T 1

T R R
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a rate of ~ 15 cts/sce. One of rhe

N mmie 2 P ST - S S ‘o aa
LO valces 1S a moniltor or wetector

.

oS Lot L
runccions oL taoe sin
.

perfovmance. The incvecsed dotector background from

the RTG will probably eliminate this as a useful

function. In addition the scusitivity of this rates

to small solar events will be reduced.

LET-I: The effects of the RTG on the LET-I will in
general be similar to those on the HET. The coincidence
mode (3-20 Mev/sec) will not be affected, but thc uscfullness

of the singles rates will be significantly reduced.

LET=II: The data in Fig. II-2 /corrected for diffecrences

in detector area and thickness and RTG orientation) predict

'~ 1 ct/sec for a 50 kev S| detector threshold. The detector

seasitivity to protons in the .05 - 3 Mev interval (s1 gé 55)
will then be reduced. The most serious problem occurs for

elzctron measurcements in the S, detector. RTG background

will probably be of the order of 5 .cts/scc. This will

certainly eliminate the possibility of galactic electron

measurements in the .15 - 1 Mev interval and also reduce

-
«

the sensitivity to solar electrons.

‘s,

PR

In summary, we expect no difficulties with protons and heavier

particle measurements in the 3-500 Mev/nucleon interval. In the 50

kev to 3 Mev region detector sensitivity to both -protons and electrons

will be seriously reduced. We would estimate that the total useful-

ness of the experimént would be reduced By about 25%. For this



reason we would strongly prefer a solar cell rather than RTG space-

‘eraft power source. 3 ‘ e : . : :

. At present we find it difficult to asscss the cffccts of shicld-

ing. There are a large number of unknowns, e.g. orientation of the

RIG, positinning of our experiment in the spacecraft, orientation of
ouY experiment with respect to the RTG, and spectral changes due to

passage through shiclding. We note that a weight estimate of 1.38 1b
: .0f lead for shielding our experiment has been made by TRW. This

estimate apvrarcntly was only sufficient for shielding the LET-II

with no allawanée made for the LET-I and BET. Even with the more

comprchensive test data obtained by us we feel that it is still

impossible to make an accurate shielding weight estimate. These

questions can probably only be resolved with a much more elaborate

testing program including a more accurate simulation of the ex~
3

perimental environment in the spacecraft. -
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