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biases are shown in Figure 2. 

The LETs use a strobed coincidence logic triggered by detector 11. This 

means the following: The Ll discriminator starts a countdown timer which is 

called a one-shot. At the end of the countdown, the discriminator levels of all 

detect.ors are strobed (checked) and the established coincidence is compared 

to rate and pulse-height analysis conditions. The one-shot countdown time is 

set at ~4 µ.s which is shown in Figure 3 to be long enough, even for the extreme 

example of an event with a large signal in Ll, causing an early discriminator, 

and a small signal in I2 that just exceeds threshold, causing a late discrimina

tor. The I2 discriminator is also shown to have a delayed response of ~ 1 µ,s 

which is typical for small signals. If the required discriminators are up at the 

time of the strobe, a valid coincidence is established and the gates at the input 

of the pulse-height analyzers (PHAs), called the linear gates, are opened .. (Open 

means connected to the PHA, closed means disconnected.) There can be as 

much as a 2 µ.s delay between the strobe and the opening of the linear gates 

due to .0.n1te time requirements for testing the coincidence (~1 µ.s) and opening 

the gates (~1 µ,s_). This delay plus the discriminator delay, the amplifier shaping 

time, and the one-shot time can result in the linear gates opening as much as 

~9 µs after the event. An example of such a worst-case delay is shown in Figure 

4. In order to keep the ampli.tler signals from reacbin.g the linear gates before 

they open, the ampli.tlers are connected to the PHAs through a ~10 µ,s delay 

line. During the linear gate open time, a comparitor compares the input signal 

level to the voltage across a reference capacitor, and controls the current tlow 

onto the capacitor such as to keep the voltages equal. When the peak of the 

input signal is passed, the comparitor shuts off, leaving the reference capacitor 

charged at the peak voltage. Arter the gate clos_es (~10 µs after opening), the 

amount of charge on the capacitor ls determined by measuring the time it 
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Figure 2 

Detector orientations and bias configuration or a LET. 
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Figure 3 

Timing diagram of an event with a large energy loss in L1 and a small energy 

loss in 12. Shown, from top to bottom. are the 11 ampll.tier output, the Ll 

discri..minator state, the one-shot state (up means counting), the strobe, the L2 

amplitl.er output, and the L2 discriminator state. 
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Ji'igure4 

Timing diagram for the PHA linear gate. Shown, from top to bottom. are the Ll 

amplifier output, the Ll discriminator state, the one-shot state, the strobe, the 

analyze pulse which occurs when coincidence is established, the linear gate (up 

means open), and the signal at the end ot the Ll delay line. 
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takes a ·constant current source to discharge t.he capacitor. This time is pro

portional to the height of the input pulse, and therefore to the particle energy 

loss in the detector. 

In addition to pulse-height analyzing select events, the CRS instrument• 

also measures several coincidence rates and single discriminator rates. The 

rates that are measured by the LETs are listed in Table 1. The slant discrimina

tor is triggered wheneve'r El +0.42E2+0.20E3 > 9.6 MeV, where El, E2, and E3 

are the energy losses in Ll , 12, and 13. The purpose of this discriminator is to 

distinguish between events with Z<3 and those with ~3. Note that the slant 

rate (SL rate) is not a coincidence rate, so that, !or example, an event with 

E1>9.6 MeV, but no signals in L2 and 13, will be counted. The geometry factor 

tor Ll events (entering through the window) is 4.6 cm2-sr whereas that for 

Ll ·12 events and Ll ·12· 13 events is 0.44 cm2-sr. Ther.e!ore, it is often a good 

appro~tion to assume that the SL rate is just that of particles with 

E1>9.6 M.eV. Another example demonstrates the pileup characteristics of. the 

SL rate. Consider a particle 1 with E11=4 MeV and E21=0 MeV, and a particle 2, 

• incident a time t later, with E12=4 MeV and E22=4 MeV. If t=O, the slant discrim

inator will be triggered, since E1 1+E12+0.42E22=9.7 MeV > 9.6 MeV. For t>O, the 

triggering of the discriminator will depend on whether or not the outputs from 

the L1 and L2 amplifiers ever have a weighted sum greater than 9.6 MeV. The 

shaping time of the amplifiers is 2.2 µs, so that the triggering requirement tor 

this near-threshold example ls t<<2 µs . Thus, the SL rate will not be contam

inated by piled-up small pulses (protons or electrons) until the incident rate of 

the small pulses greatly exceeds .... 108 s-1. 

The LZ3• and LZ3 rates listed in Table 1 are coincidence rates whose 

de.dnition depends o::i the command state of the instrument. In the Ll ·L2·L3 

command state all three detectors are included in the coincidence equation, in 
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TABLE 1 

LET Rates 

Condition 

El> 200 keV 
E2 > 200 keV 
E3 > 1.0 MeV 
E4 > 300 keV 

(slant) El+0.42E2+0.20E3 > 9.6 MeV 
ll•L2•L3·L4* coincidence+ 
Ll·[L2]·[L3]•L4*•SL* coincidence+ 
Ll•[l2]•[L3]•L4*•SL coincidence 

(triples) 

t • means logical and,* means logical not, [] indicates 
that the term can be deleted from the coincidence equation 
on co1m1and 
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the L1 ·L2 state onzy Ll and L2 are included, and in the Ll state only Ll is 

included. Events that trigger the slant discriminator are counted in the LZ3 

rate, and those that do not a.re counted in the LZ3• rate. These two rates are 

important in higher rate environments where only a small fraction of the valid 

coincidence events . a.re pulse-height analyze~, since they can be used to nor

malize the PHA event rate. For example, if Ilpha-ozy oxygen events and npha-t.ot 

total events are pulse-height analyzed in a time t, and nrat.e events are counted 

in the LZ3 rate, the total incident rate of oxygen nuclei, r 0 xy, satisfying the 

specified coincidence requirement is 

= npb.t.-uy On,.t.e 

Diw-t.ot t 
(1) 

Equation 1 is only valid if the all events in the LZ3 rate have equal probabilities 
' 

of being pu.Is-e-height analyzed. 'I'hi.s condition is assumed to be always true 

since every valid coincidence counted in the LZ3 rate will open the linear gates 

to the PHA.s it the analyzers are not busy. Note that the coincidence and tag 

conditions applied to the pulse-height analyzed . events in obtaining Ilpht.-tot 

should be identical to those required of the events in nrat.e· In particlular, the 

tag requirements on npha-tot should match the instrument command state. Also, 

since events with the caution tag are counted by the rate scalars (Don Stilwell, 

private communication), these events should be included in npha- tot· Equation 1 

must be modi.tled slightly if the rate requires llvetime corrections, as will be dis

cussed below (equations 6 and 9). 



) 

-14-

3:arwferd Lmtt.tme Correction Formulu 

We now consider the response of both a single discriminator, and of two or 

more discriminators in coincidence, to high triggering rates. There are three 

characteristic states of a discriminator as illustrated in Figure 5. The zero 

state is when the discriminator is available tor triggering, the up state is after a 

trigger when the value of the discriminator output is one, and the dead state is 

when the discriminator ts recovering rrom a previous trigger and is therefore 

not available for a new trigger, and yet the output is zero. The length of time a 

discriminator is up is the up time, Tup, the length it is dead is the dead time, 

'T'c1.&d, and the shortest time after a trigger before the discriminator can be 

retriggered is the retrigger time, .,-mria· Clearly, -rmr1a=Tup+'Tdau· The values for 

these times depend on the size of the triggering and retriggering pulses, as will 

be discussed 1n detail below. For pulse heights in the range channel Z0 - Z000 

(6.E s:= 1.5-150 MeV in Ll and L2), Tup and 'Tdaad are on the order of 10 ~-

During periods of high counting rate, the finite retrigger time of a discrim

inator can cause a signi.ticant fraction of the incident , particles to not be 

counted. If Rt.rue ~d Rotia are the rates of incident particles and observed parti

cles (i.e . counted by the discriminator) respectively, then the numbers of parti

cles not counted per unit time due to the discriminator being up or dead is 

('rmri& • Rotia) • Rtz.u.. We therefore find that 

or 

(2) 

Using equation 2 one can calculate the true rate, aiven an observed rate and a 
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J'tgure5 

Characteristic states ot a discriminator. 

1 

I • 



- I&-

~ Tretrig ~ 

~ T 
up + T 

dead ~ 

up dead 

zero state I W////4 zero 



-17-

value for 'Tre;rtc• The factor 1/ (1-'T1"W11RotiJ is called the llvetime correction 

!actor. The decrease in Rot>./ Rt.ni. toward higher counting rates is often 

referred to as a "deadtime effect", which should not be confused with the more 

restrjcted deflnition of "dead time" shown in Figure 5. 

Turning now to the case of a coincidence rate, we show in Figure 6 the Ll, 

L2, L3, and slant discriminator_ outputs for a typical :Q.3, three-detector event. 

The discriminators are shown to start their up state at slightly different times 

and are shown to have different values !or 'Tup and 'Td.ead as would occur in the 

general case. In order to determine the livetime correction formula 

correspoodlng to equation 2 for a coincidence rate, it ls necessary to know or 

estimate the degree of correlation of the various discriminators. For instance, 

i! the singles rates of the detectors are low it will be a good assumption that 

there will be an Ll trigger for each 12 or L3 trigger (neglecting the slant for 

now and assuming the spectrum is such that most particles enter through the 

window). In this case, if one makes the further assumption that the Ll 

retrigger time is greater than or equal to the 12, L'.3, and slant retrigger times, 

then the true coincidence •rate, Cuu., will be related to the observed coin

cidence rate, Coi.., by 

(low fiux) (3) 

where 7'1 ~ and R1 are the 11 retrigger time and singles rate respectively. 1n 

the other extreme, Lf the singles rates of the detectors are high. it will be a • ._ • 

good assumption that the discriminators are being triggered independently of 

one another. ln this case there will be a llveti.me correcion factor, 1/ (1 - 'TR) . 

for each detector, so th.at for three-detector events, 

(high ffux) ( 4) 
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Typical 11, 12, 13, and slant discriminator ouputs for a three-detector event. 
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For certain types ot analysis, an added complication having to do with 

event recognition requires equations 3 and 4 to be modified. In the above dis

cussion it is assumed that the only way an event can be counted in Co1ie is il it 

triggers all three detectors itself. However, if, tor example, the most common 

event type is protons (i.e. small pulses), and the objective is to determine the 

livetime correction tor the LZ3 rate, it will be possible tor some ~3 events to be 

counted in the LZ3 rate even i! they do not trigger every discriminator them

selves. Two examples are shown in Flgure 7. In Figure 7a a small pulse triggers 

Ll, but not L2, L3, or the slant, and ~4 µslater the strQbe occurs. It there were 

no other event, the established coincidence at the time or the strobe would not 

match any coincidence requirement (assuming the instrument was not in the 

Ll command state) and the event would not be counted in a coincidence rate 

and would not be pulse-height analyzed. However, in the time between the pro

ton event and the strobe a three-detector ~3 event occurs, triggering the L2, 

L3, and slant discriminators in time tor the strobe to see them The ~3 event 

therefore ls counted in the LZ3 rate and is pulse-height analyzed. The L2 and 

L3 pulse heights will be nomJ.nal while that ot Ll will be shilled upward by the 

proton pulse. For an oxygen nucleus just stopping in L3 and a proton Just stop

ping in Ll (Le. minim1un Elcm,pn and maximum Elpn,toJ, El will be shifted 

upward from the nominal oxygen track by ~147., while the El separation 

between the nominal oxygen and Ouorine tracks at constant E2+E3 is ~267o. 

Hence, the oxygen event will still be recognizable. Therefore, tor the case of an 

Ll rate dominated by small pulses, the Ll livetime correction factor tor the LZ3 

rate should be 1/ [1 - ('T1 rw1a--retro1,e)Ri] in equations 3 and 4, since there is 

an additional llvetime of approximately 'TIU'llbe per Ll trigger. 

In Figure 7b, attention ls focused on the 12 discriminator. In all three 

small figures (b1, b2, b,), the Ll and slant discriminators are triggered by a ~3 
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. J'tgure 7 

Discriminator timing diagrams tor a proton and ~3 event in near coincidence. 

a) The proton causes the strobe. 

b) Three cases where the Z23 event causes the strobe. For simplification, 13 is 

not shown. 
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event, and the L2 discriminator by a proton that precedes the ~3 event. In 

figure 7bl, the strobe (caused by the ~3 event) comes when the L2 discrimina

tor ls up, and the event is therefore counted in the LZ3 rate and is pulse-height 

analyzed. As in the L1 example, the L2 pulse height is shifted upward by the 

proton pulse. In Figure 7~, the strobe comes when the 12 discriminator is dead 

and consequently there is no rate count or pulse-height analysis. In Figure 7b:,, 

the L2 discriminator is dead at the time of the ~3 event and down at the time 

of the strobe, so that again analysis does not occur. Tb.is example shows that 

T'2 "'""' should be replaced by r 2 c1.eai1+T ,trobe in equation 4. A similar change 

occurs for L3, so that, including all effects, equation 4 becomes 

(5) 

Since Cw. is the true rate of incident particles satisfying the coincidence 

condition, it is the rate that should be used in equation 1 to normalize the 

pulse-height analyzed events. For events of type i 

r, = Ilpb_a-l ,.. = llpha-1 X C b 
• ~ n_ .. _ o • -poa-tot ..,..,.- tot 

(8) 

where X is the livetime correction factor, assumed independent of event type. 

However, as will be ·discussed in later sections, the llvetime correction factors 

used in calculating Cu-u. actually do depend on the event type. Therefore, 11 

Coba- l is the observed rate and X. is the llvetime correction factor for events of 

type i (Cwe-i = X1 Coba-V, the true coincidence rate that would be observed with 

a perfect 100~ live instrument is CU'UI = t>-scobt-i· (For the LZ3 rate, i runs 
t 

from lithium to nickle.) The question is, what is the correct expression to 

replace equation 8 for the case of different X1? Si.nee a constant fraction, t, of 



all observed rate counts are pulse-height analyzed, the number of events of 

type i that are pulse-height analyzed in a ti.met is 

(7} 

Therefore, the total number or events that are pulse-height analyzed in time t 

is 

(B) 

Combining equations 7 and 8 gives the correct generalization of equation 6: 

: npha-J l..C 
"-L- "t ob• 
-,.--Lot 

(9) 

Note that Ctru• does not appear. This is good because one would have to know 

the livetime correction factors for all event types in order to calculate Ctru•· 

The quantity ~Cobe that does appear in the equation has no physical meaning 

since C0ba is a mixture of all event types whereas ~ is the livetime correction 

factor for event type i only. 
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Calibration Deacriptions 

As mentioned in the previous section, the characteristic discriminator 

times, and therefore the llvetime correction factors for events of interest, 

depend on the signal size and frequency of both the events of interest and the 

majority events that are triggering the discriminator. Thus, in order to obtain 

accurate fiuxes from the rate measurements made in high radiation environ

ments, it is necessary to measure the -r's, or ideally the liveUme correction fac

tors themselves for the speci.fi.c conditions that were encountered. Following 

the Voyager 1 and 2 encounters with ·Jupiter in March and July of 1979 (Vogt 

et al. , 1979a,b}, there was particular interest in determining the LZ3 and SL 

livetime corrections for oxygen and sulfur nuclei in the presence of large duxes 

of protons and electrons. In 1979 and 1980 three separate calibrations were 

performed using the spare CRS instrument. The first was organized and carried 

out by J . H. Trainor, D. E. Stilwell, and M. F. Beazley at the Goddard Space Flight 

Center during the time of the encounters. Detector signals were simulated by 

pulse generators connected to the ampli.fier inputs, and pulses were put into 
. . 

various combinations of a.mpli.fiers, usually in pairs. By varying the time 

between pulses and the pulse size, a wide range of characteristic discriminator 

times was measured. 

The second and third calibrations were organized and carried out by E. C. 

Stone, myself, M. F. Beazley, and R. Burrell. For these runs, the ionization 

energy loss of charged particles in the detectors wa.s simulated by pulsing light 

emitting diodes (LEDs} situated above the detectors. As tar as the detector 

amplfflers and electronics are concerned, the detector output is the same for 

ionization created by incident photons as that created by penetrating charged 

particles, provided the light pulse is short compared to the amplltler shaping 
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time. During the calibrations, tb.e light pulses were always shorter than 100 ns 

and were therefore very much shorter than the 2.2 µs e.mpillier shaping times. 

The advantage of using LEDs 1s that no direct inputs into the detector

ampllfter-diecriminator circuit are required, so that the circuit response is 

unchanged from the tiight contlguration. Also, several different particle species 

and rates in a single detector can be easily simulated by placing several LEDs 

above it and pulal.ng them simultaneously and independentiy at different rates 

and intensities. The LEDs were pulsed by fast square-wave pulse generators 

triggered by random pulse generators (second calibration) or radioactive 

sources (third calibration). The setup and other details of the LED calibrations 

are given in the Appendix. 

Calibration Results 

In this section several results from the three calibrations will be 

presented. The emphasis will be on results that are needed to obtain absolute 

t1uxes of oxygen and sulfur nuclei in the presence of high proton and electron 

tluxes. The two subsections deal with livetime corrections for the SL and L1 sin

gles rates and the LZ3 coincidence rate respectively. Discriminator times were 

in general measured both with the pulser and the LED techniques, with excel

lent agreement obtained between them Direct measurments of the llvetime 

correction factors (or equivalently Rtru. as a function of Row were made only 

with the LED technique. In both subsections, wherever possible, the variation in 

the results between the four different LETs (LET A, B, C, and D) will be given. 

This ls important because the measurements made with the spare CRS instru

ment are to be applied to the two fUght ·un1ts. The variation between LETs 1n a 
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given instrument should be a good lD:dication of the uncerta.inty involved in 

extrapolating the results to the other units. 

SL and Ll Singles Rates 

During th e second and third 9a.librations, measurements were made of the 

observed vs true SL and L1 rates for several dlt!erent sized input pulses. The 

measurement technique was simply to input a lmown random rate t of pulses of 

a given size into the 11 detect or and record the SL or Ll rate returned from the . 

instrument. The observed SL rate, SLoi., is shown as a function of the true 

input rate, SLuu., in Figure B for both 30 and 90 MeV pulses in L1 (channels 400 

and 1200). These results, as well as those tor 15 MeV pulses are listed in Table 

2. The reason that 15, 30, and 90 MeV pulses were chosen is that peaks were 

seen {Gehrels et a.l .. 1981) in the Ll pulse-height distribution (slant required) 

at these energies in different regions of the Jovian m.agnetosphere. The 30 and 

90 MeVpem were interpreted respectively as being to ~5 MeV/ nuc oxygen and 

sulfur ions penetrating Ll, while the 15 MeV peak was likely due to a pulse

height distribution increasing toward smaller pulses and cut off by the 9.6 MeV 

slant threshold. Also shown in Figure 8 are lines of constant 7'mr1& in equation 2 

tor 7'rebii = 10, 20, and 30 µs. The 30 MeV data are seen to be well represented 

up to SI.vu. i::i 7x104 s-1 by a constant 'T'Mrt& of between 15 and 20 µs. The 90 

MeV dat a have an effective rMrl& that increases from 20 to 30 µ,s toward higher 

rates, demonstrating that a constant 'T'"'tna is not a good model for the dlscri.mi· 

nator response to pulses of this size. For comparison, double-pulse measure

ments of the slant retrigger times are listed in Table 3 tor various pulse size 

combinations. The re trigger time for 30 MeV double pulses 'is 17.5 µ,s , which is 

t "Random :rate" mee.D.B that the puhea a.re random in time with 110me con.st.ant &'f'Uale 
rate. 
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Jligure8 

Measurements of the observed s1· rate as a function of the true input rate of 30 

and 90 MeV pulses. The data are also listed in Table 2. The dashed lines are 

lines of constant rl"llt.11& in equation 2, i.e., SLtni,.=SLob.l (1--rSLob,), 
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TABLE 2 

Observed vs True Slant Rate 
for Several Ll Pulse Height~t 

Sltrue -Slobs 

El=15 MeV E1=30 MeV * · E1=90 MeV 
(103 s-1) (103 s-1) (103 s-1) (103 s-1) 

5 4.7 4.7 4.7 
7 6.5 6.5 tt 6.3 

10 8.9 8.8±0.2 8.6 
15 12.6 12.3 1L6 
20 15.9 15.5 14.0 
25 18.8 18.3 15.8 
30 20.3 21.0 17.5 
40 .20. 5 24.9 19.5 
50 18.5 28.2±1 .5 21.1 
60 17.6 30.7 22.3 
70 17.5 32.9 23.2 
80 18.8 -· 
90 20.2 .. 

100 21.4 32.5±2.5 "24.•.? 
.... 

. • , 

.... 
< 

~-. 
;. 

E2=0, E3=0 
\ 

I 

Plotted in Figure 8. 

* 

The indicated errors are typical standard deviations 
of the measured Slobs in LET A, B, C, and D. 
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TABLE 3 

Slant Discriminator Retrigger Timest 

* A pulse height (El in MeV) 
15 • 30 90 120 240 

B 15 16.2 µS 16. 9 18.5 18.8 

pulse 30 16.8 17.5 19.8 20.5 

height* 90 19.5 

(El in MeV) 120 17.1 17.9 20.0 20.8 
240 17.5 18.3 20.2 21.0 

t The standard devfation of the retrigger time measured in 
LET A, 8, C, and Dis typically 0.3 µs. 

* The values listed are the minimum time between pulses A and 
B for which both pulses are counted by the slant discriminator. 
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in reasonable agreement with the effective retrigger time deduced from the 30 

MeV data in Figure 8. 

Looking at the 15 MeV data in Table 2, one sees that for SI.i.ru.<3x104 s-1, 

the observed SL rate at a given true rate is approximately the same as that of 

the 30 Ji!eV pulses. However, between true rates of 4x104 and 7x104 ,-1, the 

observed rate tor the 15 MeV pulses actually decreases slightly toward increas

ing true rate! This rollover in the observed vs true rate also occurs for various 

sized pulses in other LET cllscriminators as we shall see for 11, and is not 

uncommon in cllscriminator circuits in other particle instruments (J. H. Trainor, 

private communication) . During the calibrations it was observed that an 

inverted response of this type can also occur when large pulses are added to a 

small-pulse dominated discriminator. This effect will be discussed in the last 

section of the report. 

The observed Ll rate, Ll~ba, is shown as a function of the true input rate, 

Llt.ru.t, in Figure 9 for six different pulse sizes between 0.15 MeV and 123 MeV .{Ll 

discriminator threshold = 0.2 MeV, full scale ~ 300 MeV). Since the 0.15 MeV 

pulses are below threshold it ,is not surprising that, at low rates, few are 

counted. In tact, at rates where llvetime effects are unimportant, one can esti- . 

mate how many events are expected. We assume th.at two 0.15 MeV pulses must 

occur within the ~2 µ,s shaping time of the ampli.!1er in order to trigger the 

cllscriminator. Then, for a given true rate, the expected observed rate is 

-Ll • 21a Ll0 1ie = Lltnie ( 1 - e tnaa ) (10) 

(see, e.g., Evans, 1955, p .754). For example, if 111.rua = 104 s-1, one expects 

110 • = 200 s-1, which is quite close to the value actually measured. Toward 

higher rates, the measured Ll 0 1ie tor 0.15 M:eV pulses is less than equation 10 

predicts, due to deadtime effects. 
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Figure 9 

The observed Ll rate as a function of the true input rate for several pulse 

sizes. The channel numbers indicated are not the numbers returned by the 

instrument PHAs, but were calculated from the pulse sizes at the amplifier out

put (measured with an oscilloscope) assuming a linear conversion. 
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The maximum Llob• in Figure 9, for several pulse sizes, is ~4x104 s-1 which 

correlates well with the tact that all Ll, L2, and L3 singles rates saturated near 

th.is value during the Voyager 1 and 2 closest approaches to Jupiter. A max

imum rate of ~4x104 s-1 corresponds to an effective retrigger time of 25 µs. For 

comp~ison and for general re!~rence, the measured Ll discriminator retrigger 

times are listed in Table 4. The table sholl"S that 25 µ,s is not an unreasonable 

ret rigger time. Finally, as in the case of 15 MeV pulses for the SL rate, the 31 

and 123 MeV curves in Figure 9 both have regions where the observed 11 rate 

decreases toward higher true rates. 

LZ3 Coincidence Rate 

As shown in the livetime formulas section, the true incident rate, rt, of a 

given event type, 1, can be calculated using equation 9: 

r1 = (npha-1/ Ilpha-t.ot.) At Cot. . Since npha- l, Dpha-1.ot, and C0b, are all measured 

quantities, the objective here is to determine Xi (the llvetime correction !actor 

tor coincidence rate C0 t,e for event type i). In general, X1 can be separated into 

terms tor each detector required in the coincidence, so that, tor in.stance tor 

three-detector events, 

Aj : AJ l • >.e 1 ' As I • (11) 

For the case of heavy nuclei in the presence of large fluxes of protons and elec

trons, the separate terms can be expressed as functions of the effective 

discriminator times, 

(12a) 

(x=2,3) (b) 
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TABLE 4 

Ll, L2, and L3 Oiscrimi~ator Retrigger Times* 

L1 and L2 

A pulse height (channel l) 
4.1 8.2 20 60 205 410 820 

.3.3. 108 µS 107 78 53 59 70 71 

4.1 90 84 57 38 45 50 56 
B 8.2 51 49 27 23 30 33 45 

pulse 20 33 32 20 13 18 22 30 
height 60 34 32 19 14 16 17 18 

(channel l) 410 34 32 20 14 16 18 19 
820 34 32 20 14 16 18 19 

A= 12, B= 400 T=31 µS 

A=3300, 8=3390 t=21 )JS 

L3 

A pulse height (channel #t) 

4.1 8.2 20 60 205 410 820 

3.3 90 µS 89 41 39 49 58 71 
B 4. 1 77 76 31 32 39 45 66 

pulse 8.2 35 34 17 22 27 31 49 
height 20 36 35 14 13 18 21 29 

(channel l) 410 36 35 15 14 17 18 19 

* Typical variations between Ll and L2 in a given telescope and between 
the Lls and L2s in different telescopes is 5%. The typical variation 
in L3 between different telescopes is also 5%. 

t Channel# is used instead of energy loss to facilitate comparison of 
Ll-L2 and L3 values. The channel numbers use here are defined by 

(Channel #)Ll-L2=AELl-L2/75 keV (Channel #)L3sAEL3/500 keV. 
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(see equation 6). During the calibrations >.1, >.2, and Xs were directly measured 

as functions of detector singles rate (small pulses) for both oxygen and sulfur 

nuclei. In this subsection, the measurements will be presented and compared 

lo equations 12. 

The measurement ot >..1 tor a given Ll singles rate was performed by puls

ing Ll with that rate of proton-sized pulses (0.9 MeV), while at the same time 

pulsing 11 and L2 in coincidence at a low rate (~l00s-1) with a large pulse in Ll 

and l .B MeV pulse in 12. Toe pulse height of the large pulse in L1 was chosen to 

be typical of either oxygen (30 MeV) or sulfur (90 MeV). The value of >.1 was 

determined from the fraction of coincidence events that were counted in the 

LZ3 rate (Ll ·L2 command state). In Figure 10a measurements of >.1 for oxygen 

are plotted as a function of the observed 11 singles rate of the small pulses, R1, 

together with a second-order polynomial tit. For comparison, two lines of con

stant 1'1 retzi&-1'-.robe in equation 12a are shown. The value tor r 1 n,t.11&"""1'.t.robe that 

one would deduce from Table 4 (A pulse = 0.9 MeV = channel 12, B pulse := 30 

MeV = channel 400, rllb"obe = 4 µ.s) is ~27µ.s. At low rates, the measurements in 

Figure 10 indicate an effective time that is close to this value. At higher rates, 

however, the measurements indicate a decreasing effective 'Tmrlc-1'11t.robe that 

1
approaches 10 ~- This result in particular demonstrates the importance of 

directly measuring the llvetime correction factors for conditions of interest. 

Although the goal of the calibrations was to make livetime corrections good to 

only ~20%, it is clear that assuming a constant re trigger time of, say, 25 µ.s 

would lead to livetime corrections of more than a factor of two too large from 

L1 alone! 

Figure 10b shom the~ dependence on event type and telescope. The data 

in Figure 10a were obtained using LET C. In Figure l0b, the best fit curve tor 

those data is compared to that obtained tor LET A. The error bars at the end of 

r .••• 
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ligurelO 

Measurements of the L1 livetime correction factor, X1, tor oxygen and sullur 

nuclei, as a function of the Ll singles rate of 0.9 MeV pulses (protons) . 

a) Oxygen measurements made With LET C. The solid line is a second-order 

polynominal least-squares .tit to the data. The dashed lines are lines of con

stant 7'm.n,-7'1trobe in equation 12a, I.e., X1=1/(1-rR1) where 7'=7'r.tz1c-T1trotie• 

b) Oxygen measurements made with LET A and C, and sulfur measurements 

made with LET C. 
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eacb curve represent the approximate spread 1.n the data about the curve. 

These two curves show that ~107. variations 1.n ,\1 from telescope to telescope 

can not be ruled out, a.ltbougb the difference between the curves may be mostly 

due to the uncertainties in tbe curves. Also shown is tbe ,\1 curve tor suUur 

obtained using LET C. There is quite good agreement between this result and 

that obtained for oxygen using LET C, 1.ndicating that .\1 does not depend 

strongly on event type between oxygen (30 MeV) and suUur (90 MeV). 

Before direct measurements of >-.a and ,\3 are presented, estimates of their 

magnitude and rate dependence will be made using the >.1 data. Figure 11 

shows the effective retrigger time as a tunction of rate calculated using equa

tion 12a and the LCl oxygen measurements of .>-1 with -rsu,;1,e=4 µs. It is assumed 

that this also represents the average retrigger time for L2. Also shown 1.n the 

figure are measurements of the average 12 discriminator up time. These data 

were obtained by pulsing L2 with proton-sized pulses (0.9 MeV) at a rate Rob■• 

and simultaneously and independently pulsing Ll at a low rate. The ratio of the 

number of accidental coincidences to the number of Li pulses represents the 

fraction of time that the L2, discriminator was up, which, when divided by Rob■, 

gives the average up time per counted event in L2. Since -rl'Wtni='Tuad+'Tup, the 

difference in the curves is a measure of the average dead time. The dead time 

for this case of a large pulse following a small pulse is seen to be quite small -

compared to the up time and approaches zero toward lower rates. The implica

tion ls that a large pulse can trigger a discriminator almost immediately alter it 

goes down. This estimate of 'T daad can now be used with equation lZb to predict 

,¼ as a function of Re. The prediction is shown as the dashed curve in Figure 12. 

The dlrect measurements of '1.2 were made in a similar way to those of >-1. 

L2 was pulsed at a given random rate with 0.9 MeV pulses, while at the sams 

time Ll and L2 were pulsed in coincidence at a low rate (~100 s-1) with a 1.8 
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Jigurell 

The effective discriminator retrigger time calculated using equation 12a and 

the LET C oxygen data in Figure 10, and measurements of the effective discrimi

nator up time in L2. Also shown is a second-order polynomi.al tit to the up-time 

measurements. It one assumes that the TNU1& curve calculated from the Ll 

measurements, also applies to L2, then the difference in the curves is the 

etrective L~ dead time. 
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f.igure12 

Measurements ot the L2 and L3 live time correction !actors, >..1 and "2, for oxy

gen and sul!ur nuclei as a function ot the L2 and L3 singles rates ot 0.9 MeV 

pulses (protons) . All data are consistent with a livetime correction factor of 1.0. 

The dashed line was calculated with equation 12b using the Tdaa.d in Figure 11 

and 'Tirtrobe=4 µs. 
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MeV pulse in Ll and a large pulse in 12. The pulse height of the large pulse in 

L1 :was chosen to be typical of either oxygen (30 MeV) or su.llur (90 MeV). The 

value of ~ was determined from the traction ot coincidence events that were 

being counted in the LZ3 rate (Ll·L2 command state). The exact same tech

nique was used to measure As, but with the former 12 pulses now going to L3 

and the former Ll pulses to Ll and L2. Also, the instrument state was changed 

to Ll ·12·L3, and the oxygen and s':11fur pulses were now equivalent to L3 energy 

losses of approximately 200 and 600 MeV respectively. The measured X2 and As 

for lEf C oxygen and sulfur and LET A oxygen are shown in Figure 12. All 

results are consistent with X2 and >-s equal to 1.0 (i.e. no Uvetime correction), 

for all values of the observed 12 and L3 rates! This represents the fact that, tor 

all measurements, the LZ3 rate was the same as the Ll rate to within ~2,;. The 

result is surprising both in terms of the prediction and in terms of our basic 

understanding of the discriminator characteristics. Even if the estimate of 

'id.ead in Figure 11 was incorrect and the ·dead time was in fact zero, one would 

still expect~= l /( l -r1tro~) due to the events with a timing as shown in Fig

ure 7~. which would give x~1.2 tor ~=4x104 s-1. 

To further investigate, a repetitive double-pulse-type measurement was 

done. Ll and 12 were pulsed in coincidence with 1.8 and 30 MeV pulses respec

tively while a 0 .9 MeV 12 pulse was moved back and forth in time with respect to 

them In this way the various timing situations sketched in Figure 7b could be 

probed. It was found that, indeed, even in cases where the L2 discriminator was 

expected to be dead at the time of the strobe (Figure 7b2) or dead at the time 

of the event (Figure 7~), a coincidence was established. The case where the L2 

discriminator was dead at the time of the event was most peculiar because the 

coincidence event pulse in L2 was not retriggering the L2 discriminator in the 

sense of being counted in the L2 rate, and yet, with the L2 coincidence pulse 
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disconnected, the LZ3 rate dropped to zero. Measurements made by varying 

the relative timing of all three pulses indlcate that the L2 discriminator 

behaves as 'sketched 1n Figure 13. A small pulse causes the ftrst discriminator 

1n all three figures, followed by a large pulse at a time indicated by the dashed 

vertical line. Ill Figure 13a the discriminator is retriggered norz;nally. In 13b 

the large pulse occurs during the dead time, but somehow causes the discrimi

nator to return to the up state for an additional ""6 µ.s without retriggerlng it. 

In Figure 13c the large pulse occurs near the end of the up time and causes the 

up time to be extended. In all cases the Ll strobe finds tb.e 12 discriminator up, 

and the LZ3 rate is therefore incremented. 

Although it may be difficult to parameterize and understand the discrimi

nator behaviors that have been described in this subsection, the results are 

easy to use. Toe total livetime correction factor for the LZ3 rate for oxygen 

a.nd sullur is the product of the measured X1, ~. and .>.s. Since >-e and .>.s were 

found to be 1.0 as sh.own in Figure 12, only X1 need be considered. Therefore, 

using oxygen as an example, equation 9 becomes 

(13) 

where X1 can be determined for the observed R1 from Figure 10. 
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~13 

Peculiar discriminator outputs tor the case of a small pulse followed by a large 

pulse. A 0.9 MeV pulse triggers tbe discriminator, and is followed by a 30 MeV 

pulse at a time indicated by the dashed line. 

a) Normal retrigger. 

b) The large pulse causes the discriminator to come up again without 

·retriggerin.g it. 

c) The large pulse causes the discriminator to stay up tor an extra ~6 µs. 
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Sant 'Ibreshold 9iiftll 

Tb.e outputs of the detector ampilliers are ac coupled to the discriminators 

and PHAs as shown in Figure 14a. One of the purposes of ac coupling is to 

insure a stable ground reference tor the circuitry that follows. A consequence, 

however, is that pulses overshoot the nominal baseline before returning to it as 

indicated schematically in the figure. Tb.is overshoot can be understood in 

terms of the requirement that the- long term average charge on the capacitor 

remain constant, and therefore that the total integral (ground = 0) of a pulse 

or group of pulses be zero. Figure 14b shows the approximate pulse s~ape for a 

1 volt pulse (full scale = 10 volts) on two different scales. '_I'he overshoot is ~1,; 

or the pulse height and decays in ~1 ms. Even though the overshoot is small, it 

can accumulate during high tlux periods as shown in Figure 14c to cause a 

significant change in the effective baseline. For a constant rate, constant pulse 

size condition, the average baseline will settle at a value that makes the long 

term ~tegral of the signal zero. A simple model relating the baseline shift to 

the average rate and pulse height of the incoming signal will be discussed later. 

As indicated in the figure, discriminator thresholds are set at constant values 

with respect to ground. Thus, when the baseline is shifted, larger pulses a,re 

required to trigger the discriminators than in the unshifted case. Since it is 

essential, when reporting particle t1uxes, to spec.ify the true energy threshold 

ot the observation, an effort was made during the third calibration to determine 

the effective threshold of the slant discriminator tor different rate and pulse

height conditions. 

The measurements were made by applying given random rates and pulse 

sizes to Ll , and at tbe same time pulsing Ll and L2 in coincidence at a low rate 

with various sized Ll pulses. (Pulse heights were measured and adjusted with 
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Figure 14 

Illustrations of how a baseline shift occurs and how it can cause an increase in 

the effective threshold of a discriminator. 
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the random pulses turned of! and the baseline at ground since a baseline sb..l!t 

also shifts the pulse heights returned by the PHAs.) By monitoring either the 

LZ3 or LZ3• rate (instrument in the Ll ·L2 command state), as a function of Ll 

pulse size, the effective slant threshold could be determined. For Instance, il 

the random pulses triggering Ll were large enough to also trigger the slant, the 

LZ3• rate was monitored. Wbe~ the Ll test pulses were well below the slant 

threshold, a certain LZ3• rate, LZ3•0 , was observed. The rate was generally 

close to the true input rate of the test pulses, but somewhat below it since some 

o! the test pulses were not triggering L1 due to deadtime effects caused by the 

random pulses. The Ll test pulses were then increased in size. At some point 

the test pulses began to trigger the slant threshold and the LZ3• rate 

decreased. For large enough pulses the LZ3• rate dropped to zero. Both the 

one sigma turn-on width of the threshold, O't, and its mean value, Et, defined by 

the level at which 50!'; of the pulses trigger it, could be easily determined from a 

J)robability plot of LZ3•/ LZ3•0 as a function of test pulse size. For the case 

where the random pulses were not large enough to trigger the slant, LZ3 was 

IDOnilored instead of LZ3•. figure 15 shows the slant threshold probability 

plots for three different rates or oxygen-sized pulses ( ,_,30 MeV}. The measure

ments are consistent with straight lines, indicating th.at the turn-on profile is 

approximately gaussian. Specifically, it will be assumed that the probability, P, 

of a particle with energy loss E in Ll, triggering the threshold is 

(14) 

where erf is the error function and Et and O't are the measured threshold and 

width. The measured values of Et and a. for several input rates and pulse 

helghts are listed in Table 5. Both the observed and true rates are given. Note 
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figure15 

Probability plot of the fraction of test pulses triggering the slant threshold as a 

function of pulse height. Data is shown for baseline shifts caused by three 

different observed rates of 30 MeV pulses. 
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TABLE 5 

Slant Threshold Shifts 

Et-eff • 
Pulse Ene~-loss Oxygen Sul fur 

Robs Rirue Height Deposition Rate E • ,, Y•5 Y•l.l Y•5 Yel. l 
t t 

(103 s·1) {103 s·1) (HeV) (105 HeV s·1) {MeV) (MeV) (MeV/nuc) (MeV/nuc) (MeV/nuc) (MeV/nuc) 

6.6 7.2 7.5 0.54 10.2 0.3 1.08 1.08 0.86 0.86 

11.6 14.1 7.5 1.06 10.7 0.5 1.10 1.10 0.87 0.88 

6.6 7.2 15.4 1.11 11.2 1.1 1.12 1.13 0.89 0.89 

19.7 28.7 7.5 2.15 11.3 0.5 1.14 1.14 0.90 0.90 

11.6 14.1 15 .4 2.17 12.4 1.1 1.19 1.20 0.93 0.94 

6.6 7.2 30.8 2.22 11.9 1.4 1.16 1.18 0.91 0.92 

11.6 14.1 30.8 4.34 13.7 1.7 1.26 1.28 0.97 0,98 

19.7 28 .2 15.4 4. 34 14.3 1.2 1.30 1.31 1.00 1.00 

6.6 7.2 92 .3 6,65 14.0 2.8 1.24 1.28 0,96 0.99 

19.7 27.8 30.8 8.56 16.9 1.7 1.45 1.46 1.08 1.09 

11.6 14,l ·92.3 13.01 17.6 3.2 1.44 1.50 1.08 1.11 

• The nominal threshold fs 9.6 MeV. For Et•9.6 HeV and "t•O, the effective thresholds 
for oxygen and sulfur nuclei are 1.06 and 0.85 MeV/nuc respectively . . 
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that measurements were made only for relatively large pulses, even though Ll 

was predominatly triggered by small pulses (~1 MeV) in the Jovian magneto

sphere. This is because it -was observed during the calibrations (and makes 

sense considering the ac coupling) that the shift due to the small pulses was 

less than ~1 MeV, while the objective of the measurement was to determine the 

conditions for which shifts of several MeVoccur. 

Instead of quoting thresholds in terms of average values and widths, one 

usually quotes an effective threshold, .Ei.--d, defined as the threshold that a 

"perfect" zero-width discriminator counting at the same rat e as the actual 

discriminator, would have, i.e., 

J• EL dE = J• Ed.. 1.[1 + err(E-Et]I dE 
Et11 dE o d.E 2 ~ai 

(15) 

where ~ is the ·difl'er ential intensity. This effective threshold has been calcu

lated for the measured Et. and O't. assuming ~ ac E""7 for a wide range of -y's. In 

these calculations, the energy loss in the telescope window has also been 

included in the argument of the error function so that the resulting thresholds 

apply to the energy of the particles prior to their entering the telescope. The 

effective thresholds for oxygen and sulfur nuclei for 7=5 and 7=1.1 are listed 

in Table 5. The dlt!erences in the results for the two values of 7 are small, indi

cating that the effective threshold, not including the window energy loss, is not 

substantially different from Et,. For oxygen the energy loss in the window is 

almost as lar&e as the slant threshold, so that a factor of .... 2 shi.ft in the thres

hold causes a factor of ~1.5 shift in Et.-.ir, For sulfur, the energy loss in the win

dow is twice as large as the slant threshold, so that the largest shift in Et,-,r is 

only ~25:'1;. 
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A model will now be developed to estimate the magnitude ot the baseline 

shift tor a given input rate and pulse height. In order to simplify the problem. it 

will be assumed that the rate is constant, that the .pulses are evenly spaced in 

time, and that the pulses are rectangular in shape. This situation ls shown in 

Figure 16a. The baseline is shifted somewhat to equalize the area above and 

below· ground. Between pulses ·the overshoot decays exponentially toward 

ground with the re time constant o_f the ac coupling (see Figure 14a). If one 

further assumes that the rate is high enough to neglect the decay between 

pulses (1 I R<<rc), then Figure 16b applies. The pulse width is lp, the height is h , 

and the baseline shlft is b. In order to have equal areas above and below 

ground, 

or -

b=Rhtp . (16) 

A more careful derivation including the overshoot shown in Figure 16a gives 

(17) 

which, for 1/R-tp<<rc, reduces to equation 16. Since rcr:::t0.5 ms and tpr:::t5 µ,s, 

one would expect equation 16 to hold for R>>2x109 s- 1. Table 5 indicates that 

this condition is approximately valid (R=Rtru.) for the measured data, so that 

the data can easily be compared to the model. The quantity Rh is the energy

loss deposition rate in Ll and is Usted in Table 5. In Figure 17 Ei,=b+9.6 MeV is 

plotted as a function ot this quantity tor the measurements listed in the table. 

The solid curve ls a second-order polynomial flt to the data and the dashed line 

is calculated with equation 16, using t,,=5 µs. Considering the appr:-oxim.ationa 
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J1gure 18 

Idealized amplifier outputs for evenly'spaced, constant sized pulses. 

a) The baseline decays exponentially toward ground between pulses. 

b) Tbe rate is high enough that, to first approximation, no decay occurs 

between pulses. Tb.is figure is used to calculate the baseline shift in terms of 

the pulse height, width. and rate. 
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Figure 17 

Measurements or the slant threshold-shift as a function of the 11 energy-loss 

deposition rate . The data are also listed in Table 5. The solid line is a second

order polyn_omial tit lo the data, and the dashed line is calculated from the 

model (equation 16 with lp=5 µ,s). The nominal slant
1
threshold is 9.6 MeV. 
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that were made 1n the model, the agreement with the data is quite good. 

Rate Decreases Caused by Hea.'9)"-ion Flux Increases 

In the discussion of Table 2 and Figure 9 it was noted that, for some pulse 

sizes and rates, the observed rate (discriminator triggering rate) actually 

decreases toward higher true rates. _This rollover in the instrument response is 

most likely due to saturation effects in the discriminator circuitry. There are 

many other mechanisms that can lead to rollovers t. During the calibrations 

another such mechanism was found that may explain some peculiar features 

that were seen in the LET counting rates in the Jovian magnetosphere. The 

basic idea concerns a discriminator that is predominanUy being triggered by 

small, near-threshold pulses. If a few large pulses are then added, an average 

baseline shift occurs, moving some of the small pulses below the threshold. 

Since the large pulses do not contribute signitlcantly to the discriminator 

counting rate, the rate decreases. 

Measurements of this effect were made by simply pulsing Ll with a high 

rate of small pulses and then monitoring the Ll rate while various rates of large 

pulses were added. Figure 18 shows the measured L1 rate as a function of the 

rate of large pulses, Rt.,. for 30 MeV (oxygen) and 90 MeV (sul!ur) pulses. The 

small pulses were 0.9 MeV (protons) and were applied at a true rate of 

2.4.x108 s-1 for all measurements. Using the 90 MeV curve as an example, it is 

seen that J\1a can be divided into three regions where different effects dom-

t A famoua eumple of a rolloTitr 1a the cue of the Unive1'11ily of Iowa comiic ray inTitstl&a
tion on Erplorer I and m (V1111 Allen, 1969). The realization th.at the repo.naes of the 1ei&er 
tube, in the i:n.u"UIIlenll were i,evere.ly rolled over due to Jarae particle ftUJ'es led to the 
d!.oo"17 of the Van Allen trapped radiation belt& Jn thia oue the effect ,raa due to blankma of the aei&er tube, (Van Allen et al. , 19M). 
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ltgw:elB 

The observed L1 rate as a !unction ot the true input rate of 30 and 90 MeV 

pulses, tor a true input rate of 0.9 MeV pulses of 2.4x108 s-1. The dashed lines 

indicate what Llob, would be it the 0.9 MeV pulses were turned otf. 
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inate: 

1) R111&<2x103 s-1 - The baseline shift due to the 90 MeV pulses is not large 

enough for a s1gn11lcant number of the 0.9 MeY pulses to be below threshold, 

and therefore L10t. remains at ~4x104 s- 1. 

2) 2x103 <Rbl&<2x104 s-1 The baseline shift is large enough to cause 

increasing numbers of 0.9 MeV· pulses to be below threshold and Llob• 

decreases. If the 0.9 MeV pulses caused no shift of their own and if they were 

each distinct pulses (i.e. no pile-up), then one would expect all of them to fall 

below threshold tor baseline shifts greater than 0.7 MeV (11 threshold = 0.2 

MeV). Figure 17 shows that, for 90 MeV pulses, the baseline shift reaches 0.7 

MeV for Rbl&~2x103 s-1, so that, in the simplest approximation, one would expect 

the Ll rate to drop steeply for Rbl&>2x109 s-1. Ll0t. does in fact start decreas

ing above this rate, but the decrease is gradual, indicating that there is 

significant pile-up of the 0.9 MeV pulses as expected for an input rate of 

2.4x108 s-1 . A similar argument indicates that the 30 MeV pulses should cause 

decreases tor Rbl&>5x109 s-1. The observed decrease starts at a somewhat 

higher rate of ~8x109 s-1. 

3) ~>2x104 s-1 -- The 11 rate bas decreased to such an extent that the 

large pulses themselves dominate the rate. The qualitative shape of the curve 

is therefore similar to that of the 123 YeV curve in Figure 9. 

The actual situation in a magnetosphere is not as simple as that simulated 

during the calibration. since the proton rate will not in general re.ma.in constant 

while the heavy-ion· rate changes. The basic idea of a heavy-ion in~uced roll

over can, however, be used to qualitatively understand the Ll rate profile i.n the 

Jovian magnetosphere. Flgures 19 a and b show the observed Ll, SL, and L2 

rates as functions of time, near closest approach to Jupiter of Voyagers 1 and 2 

respectively. The Voyager 1 data were obtained with LET B, and the Voyager 2 
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11gure19 

Observed Ll, SL, and L2 rates in the 'Jovian magnetosphere. The SL rate has 

been llvetime corrected using the data in Table 2. 

a) Voyager 1 b) Voyager 2 
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data with LET D. The SL rate has been corrected for deadtime effects using the 

data in Table 2, and therefore represents the true heavy-ion rate. Throughout 

the time periods shown, the average energy loss of particles triggering the slant 

is between 15 and 20 MeV, except from 64/4 to /16 for Voyager 1, during which 

time the average energy loss increases and separates into pea.ks near 30 and 90 

MeV. The minima in the Voyager SL rate at ~64/ 4 and ~64/ 20 are due to parti

cle absorption by the Jovian moon, Europa, and the deep minima at ~64/ 9 and 

~64/ 14 are due to absorption by Jo and its plasma. The expected heavy-ion 

contribution to the 12 rate is less than a tenth of the SL rate, so that the L2 

rate profile shown in the bottom panel is due almost entirely to protons and 

piled-up electrons. If the L2 rate could be accurately llvetime corrected, it 

would most likely have a similar profile to that of the SL rate. Neglecting 

heavy-ion rollover et!ects, one would expect t:he 11 rate to be saturated at 

~4x104 s-1 throughout the time period shown, except near Io where the profile 

might be similar to that of the L2 rate. The actual 11 rate shown in the upper 

panel demonstrates th.at the heavy ions cause a substantial rollover. The etfect 

is particularly noticeable at 6417, /12, and /16, where the Ll rate dips down 

while the SL and L2 rates reach maxima. Note also that the Europa absorption 

features in the SL rate cause inverted features in the 11 rate. 

Turning now lo the Voyager 2 figure, we see that the maximum SL rate is 

less than that of Voyager 1, due mostly to the fact that Voyager 2 closest 

approach distance to Jupiter was .... 10 Jovian radii (RJ) compared to .... 5 R.r for 

Voyager 1. Also, for this reason, the absorption features of Europa (9.4 RJ) and 

Io (5.9 RJ) are not seen. The large-scale variation in the rate ls due predom· 

1.na.nUy to varying spacecraft magnetic latitude. The L2 rate is much more 

irregular than the SL rate, but does have maxima at the times of the SL .rate 

maxima. The Ll rate again has inverted features caused most likely by the 
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heavy ions. The rollover 1s less than for Voyager 1 since the SL rate is less and 

is dominated by smaller pulses, Note again that small irregularities in the SL 

rate (for instance at 190/ 11) appear inverted in the Ll rate. 

More ce.ll.bration measurements would be required to quantitatively under

stand the Ll rate in these regions. However, the calibration measurements and 

spacecraft data presented in this s~ction do point out that. care must be taken 

when interpreting dips and peaks in the counting rate o! a single discriminator 

when heavy-ion fluxes are not known. 
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AppendiI 

In this appendix, some detailed information about the LED calibration 

technique is presented. The LED - detector configuration that was used in the 

second and third calibrations is shown in Figure A· 1. The detector and LEDs 

were enclosed in a box to eliminate room light interference and to racilitate 
. 

keeping the detector in a dry nitrogen environment. The calibration detectors 

were substituted for the dete~tors in the telescopes of the spare CRS instru

ment by changing connectors at the pre-amplifier inputs. Several LEDs were 

suspended at a distance of ~1.5 cm above the gold side or each calibration 

detector. (The gold side was found to be more light sensitive than the alumi

num.) The type of LED that was used was the HP red high intensity LED (HP 

5082-4658) because of its availability, high luminance, and focused beam. The 

beam has a FWHM o! ~35° so that at 1.5 cm, most ot the light hits the detector. 

Red was chosen over green and orange because it was found to produce bigger 

signals in the detector for a given driving voltage and pulse width. 

The LEDs were each pulsed by a fast square-wave pulse generator (IIJ PG-

33 or Chronetics PG-12).· Table A-1 lists the signal sizes at the output of the 

detector ampl.Lflers for several pulse widths and heights o~ the pulser. The 

induced signal size for a given driving pulse varied considerably from LED to 

LED due to both mounting ditrerences a.nd intrinsic differences in the LEDs, but 

this was not a problem since the size of the ampli.fler signal could be directly 

measured a.nd adjusted to any desired value using either the instrument PHAs 

or an oscilloscope. The LEDs were quite dependable in that, even alter many 

hours use over the period of a year, none of the ~10 that were in the calibra

tion boxes broke. 

Random light pulses were produced by triggering the rast pulsars with ran-
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Flgw:eA-1 

Sketch of the detector - LED contlguration for the second and third calibra

tions. 
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TABLE A-1 

Amplifier Output for Different Widths 
and Heights of Pulses into the LEDs 

input pulse input pulse amplifier equivalent particle 
width height output* 6E in Llt 
(ns) (volts) (volts) (MeV) 

8 4 o·.03 0.9 
8 8 0.2 6 .1 

50 4 1.0 31 
50 8 5.0 154 

* full scale= lO ·volts t full scale= 307 MeV 
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dom signals. For the second calibration Berkeley Nucleonics DB-2 random 

pulse generators were used tor triggering. "For the third calibration a 137Cs 69 

mCi source (obtained from the Radiation Safety office) was used with lab scintil

lators and photomultiplier tubes lo trigger EG&G fast discriminators which, in 

series with EG&G scalar drivers, triggered the fast pulsers. Several measure

ments that were made with· both the random pulse generators and with the 

radioactive source were in good agreement. 
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