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ABSTRACT

A new analytic solution has been obtained to the complete
Fokker-Planck equation for solar flare particle propagation including
the effects of convection, energy-change, corotation, and diffusion
with K, = constant and Kg & rz. It is assumed that the particles are
injected impulsively at a single point in space, and that a boundary
exists beyond which the particles are free to escape. Several solar
flare particle events have been observed with the Caltech Solar and
Galactic Cosmic Ray Experiment aboard 0GO-6. Detailed comparisons of
the predictions of the new solution with these observations of
1-70 MeV protons show that the model adequately describes both the
rise and decay times, indicating that Kr = constant is a better des-
cription of conditions inside 1 AU than is Kr < r. With an outer
boundary at 2.7 AU, a solar wind velocity of 400 km/sec, and a

20 cmz/sec, the model gives

radial diffusion coefficient K ~ 2-8 x 10
reasonable fits to the time-profile of 1-10 MeV protons from 'classi-
cal" flare-associated events. It is not necessary to invoke a
scatter-free region near the sun in order to reproduce the fast rise
times observed for directly-connected events. The new solution also
yields a time-evolution for the vector anisotropy which agrees well
with previously reported observations.

In addition, the new solution predicts that, during the decay
phase, a typical convex spectral feature initially at energy To will
move to lower energies at an exponential rate given by TKINK =

Toexp(—t/T ). Assuming adiabatic deceleration and a boundary at

KINK



2.7 AU, the solution yields T = 100h, which is faster than the

KINK
measured ~200h time constant and slower than the adiabatic rate of
~78h at 1 AU. Two possible explanations are that the boundary is at

~5 AU or that some other energy-change process is operative.
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I. TINTRODUCTION

The study of solar cosmic rays includes several separate areas of
interest: the means by which solar particles are accelerated and in-
jected into interplanetary space, the transport and storage of these
particles in the solar system, and the problem of particle access to
the magnetosphere. The subject of this dissertation, the propagation
of solar flare protons, is part of the second of these topics. In
particular, near-earth observations of solar flare proton fluxes will
be used to develop a more complete representation of the physical
processes governing energetic particle transport.

The basic principles underlying the propagation of cosmic rays
in the solar system are at the present time fairly well established(l).
The picture of the interplanetary medium with a spiral magnetic field
imbedded in an outward-flowing solar wind plasma has won general accept-
ance(z), and the first observational verification of the diffusion-
approximation to cosmic ray motion was made by Meyer, Parker, and
Simpson in 1956(32 More recently, Parker added terms for particle con-
vection and energy-change in the solar wind to the equation for particle
diffusion(a). This Fokker-Planck equation is now widely-used as a
description of particle transport in the solar system. In addition, a
relationship between the observed fluctuations in the magnetic field
and the magnitude of the diffusion tensor has been developed by

. (5,6,7) (8,9)

Jokipii and others , and has provided an independent means of

estimating the rate of particle diffusion.



Many solutions to the Fokker-Planck equation have been developed
in an effort to explain the particle fluxes observed subsequent to
solar flare injection. The models proposed have become more and more
refined, and analytic solutions now exist which include impulsive
injection, anisotropic diffusion (due to the presence of the average
magnetic field), convection, and energy—change(lo’11’12’13’14).

Despite these developments, none of these solutions have successfully
explained all of the observed features of solar flare events. Several
important questions remain unanswered: the exact nature of the
diffusion tensor and especially its dependence on radial distance and
particle energy; the method of particle injection and the possibility
of storage near the sun; the possible existence of a scatter-free
region extending outward some distance from the sun; the way in which
the particles become distributed in solar longitude; and whether or

not an outer boundary to the diffusing region exists beyond which part-
icles are free to escape.

The work presented here is a continuation of the process of compar-
ing theoretical solutions with spacecraft observations. Several solar
flare particle events have been observed with the Caltech Solar and
Galactic Cosmic Ray Experiment aboard NASA's 0GO-6 spacecraft. In
addition, a new analytic solution has been obtained to the complete
Fokker-Planck equation including the effects of convection, energy-
change, solar rotation, and anisotropic diffusion using a radial
diffusion coefficient independent of distance. The predictions of

this new solution have been compared with the observed time-profile of



1-70 MeV protons, with previous measurements by McCracken et al.(ls)

of the anisotropy in the particle flux, and also with 0GO-6 observa-
tions of the time-evolution of a feature in the proton energy spectrum.
These comparisons show that the model is capable of explaining both the

"classical" solar flare proton events, and

rise and decay phases of
allow one to draw definite conclusions concerning the diffusion tensor,

the free-escape boundary, the possibility of a near-sun scatter-free

region, and the nature of the energy-change effect.



II. INSTRUMENT

A. General Description

Experiment F-20 aboard NASA's 0GO-6 spacecraft is a solar and
galactic cosmic ray experiment consisting of 3 separate charged-particle
telescopes which share a common electronics package. The device was
designed and constructed at Caltech. A complete description of the
experiment with particular emphasis on the electronics has been published

previously(lé).

Although this dissertation is concerned only with the data from the
AE-Range Telescope portion of the F-=20 experiment, some description of
the other parts of the instrument are included here for completeness.

The separate charged particle measurements made by the three tele-
scopes are described in Table II-1. By combining measurements of energy
loss rate, total energy, range, and velocity, the instrument can separ-
ate charges up to Z = 8 and can make accurate measurements of particle
incident kinetic energy in the following ranges:

electrons: 200 keV to ~100 MeV
protons and alphas: ~1 MeV/nucleon - 1 GeV/nucleon
lithium-oxygen nuclei: 350 MeV/nucleon - 1 GeV/nucleon.
The incident energy upper limit can be extended by using the geomagnetic
field as a particle spectrometer.

Since the experiment uses only 72 bits out of the total 1152 bit
0GO-6 main commutator data sequence, cosmic ray data from only one of
the three telescopes can be accumulated during each sequence. The elec-

tronics package includes a logic and priority subsystem that determines



Table II-1

0GO-6 Experiment F-20 Particle Telescopes

Sensitivity to

L Nuclei
Telescope Physical Characteristics L e Al Electron : *
Measurement (cmzsr) Sensitivity| Charge Energy
Threshold 5 (MeV/nucleon)
AE-Range 7 solid state detectors triple dE/dx, | 0.2 - 1.6 2200 keV | Z2=1,2 [ 1 - ~300
5 absorbers total E,
active collimation with range
anti-coincidence cup
v
AE — Cerenkov| 2 solid state detectors double dE/dx, ~2.8 23 MeV Z = 1-8 350 - 1000
quartz window PM Tube velocity
Cerenkov detector
active collimation with
anti-coincidence cup
Flare 2 solid state detectors double dE/dx, ~0::02 21 MeV Z = 1,2 18 - 500
2 absorbers total E,
passive collimation with range
copper shield
%

These are the

energy intervals in which

a measurement of the differential flux can be made.




the manner in which telescopes share the analog-processing and tele-
metry systems. A set of 7 separate ground-based commands can be given
to alter this logic and priority structure. These commands allow the
experimentef to disable individual detectors in the event of failure,
or if necessary, to completely shut down any of the three telescopes.
In addition to the individual telescope event data, the telemetry
sequence includes samples of 20 different single detector and coinci-
dence counting rates, and information on ground command status and

telescope temperatures.

B. The AE-Range Telescope

Since this dissertation involves only low energy proton data
from the AE-Range Telescope, particular emphasis will be placed on this
part of the experiment.

1. Physical Description

A scale cross-section drawing of the telescope is shown in

Figure II-1. The device consists of a stack of 7 totally-depleted
silicon solid-state detectors and 5 absorbers, with active collimation
provided by a cylindrical plastic scintillator cup viewed by a photo-
multiplier tube. The entrance aperture is covered by a sheet of
3/4 mil aluminized mylar to provide a light shield for the solid state
detector stack. An exit aperture at the bottom of the anti-coincidence
scintillator cup permits the measurement of the penetrating particle
flux.

A list of the relevant stack dimensions and characteristics is

provided in Table II-2. Since the investigation discussed here is
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Figure II-1: Scale cross-section drawing of the AE-Range Telescope.
The AQ values have ~6% uncertainty due to the uncertainty in the size
of the detector sensitive areas. The absorber thickness values are
accurate to *3%. The values listed here were reported in a previous
Ph.D. thesis (17),



Table II-2

*
The AE-Range Telescope Stack

Phichriss Sensitive Discriminator Mol se Proton Incident
Detector/ 2 Area Threshold Energy Threshold
Absorber e ?fé;? cm? MeV + gggMeV) MeV
=77 (+6%) (+.005 MeV) =* (+37%)
Window Mylar 2.3 - - - -
D1 Silicon 220! 2.01 .398 .038 193 L
D2 Silicon 233 3.80 <147 .020 3.3
A2 Aluminum 206 - - - -
D3 Silicon 227 4.08 +153 <021 17.9
A3 Tungsten 2940 - - - -
D4 Silicon 227 3.87 . 149 .020 45,2
A4 Tungsten 27570 - - — -
D5 Silicon 236 4,01 <142 .022 152
A5 Tungsten 30980 e S e ==
D6 Silicon 227 4.08 141 +023 230
A6 Tungsten 38730 = s —— e
D7 Silicon 236 4,08 .148 .022 309

*
The values listed here were reported in a previous Ph.D. thesis

an .




concerned with protons below 150 MeV indicent energy, only detectors
D1 through D4 will be discussed in detail. Particle energy-loss can
be measured in detectors D1, D2, and D3 using three separate pulse-
height analyzers, while triggers in detectors D4 through D7 are used
to indicate particle range. When the experiment is in the normal
operating command mode, either a Diﬁg* or a D2D3D8 trigger will
initiate pulse-height analysis. The D8 anti-coincidence shield not
only provides collimation for the telescope, but also rejects undesir-
able interaction and shower-type events which scatter particles into
the scintillator. For protons below 45 MeV incident energy, a triple
energy-loss measurement is recorded in D1, D2, and D3. When any of
the "range detectors'" D4 through D7 are triggered, this range informa-
tion replaces the D1 pulse height in the readout sequence.

Because of its high ~400 keV discriminator threshold and small
depletion depth, detector D1 has less than 1% electron detection
efficiency for any incident electron energy(ls’lg). The problem of
separating low energy electrons from nuclei is thus easily solved

even for particles which stop in DI1.

2. Detectors
The seven solid-state detectors used in the range stack are
all totally-depleted silicon surface-barrier type devices manufactured

especially for Caltech by ORTEC (Oak Ridge Technical Enterprises Corp.).

* et
The notation D1D8 is used to indicate a D1 trigger in the absence of a
D8 trigger. D8 is thus in "anti-coincidence.” In the same way, D2D3D8

means a D2-D3 coincidence in combination with a D8 anti-coincidence.
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With the exception of D1, they have a nominal 1000im depletion depth

and 4.0 cm2 sensitive area. Surface-barrier detectors were used because
they have low noise and high reliability in a variety of environments,
and because they have high resistance to radiation damage from energetic
particles. In the case of D1 and D2, surface barriers were particularly
desirable because they can be manufactured with very thin dead regions
which allows an accurate measurement of particle total energy.

The detectors used in the experiment flight unit were carefully
selected on the basis of thickness, sensitive area, bias voltage needed
for total depletion, noise at full bias, and performance in a thermal-
vacuum environment. Since such devices cannot withstand any physical
contact from micrometers, fingers, etc., all physical measurements were
made in a "remote" fashion using energetic particles. The sensitive
area and total thickness were determined by irradiating each detector
with a well-collimated monoenergetic electron beam from a magnetic
B-ray spectrometer. More exact thickness measurements were made for D1,
D2 and D3 when the completed flight unit was exposed to 1 - 23 MeV
protons from Caltech's Tandem Van de Graaff accelerator. Determinations
of dead layer thickness and proper operating bias voltage were made by
exposing each detector surface to ThB(Pb212) alpha particles. The most
important test consisted of a two-week thermal-vacuum exposure for each
detector at full bias voltage. During the two weeks the detector noise
6

and leakage current were recorded frequently; an environment of <10~

torr and +400C was maintained.
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Each detector in the operating experiment has a pulse-height dis-
criminator threshold associated with it that has been carefully adjust-
ed to reject detector noise but include all appropriate particle pulses
(see Table II-2). This threshold, which is clearly a function of both
detector thickness and noise level, was set (for all detectors except

D1) so that 99% of all minimum-ionizing particles cause a trigger.

3. Anti-coincidence Shield

The anti-coincidence cup consists of a cylinder of NE 102
plastic scintillator material viewed by a RCA 4439 photomultiplier
tube. The PM tube was tested using a Cs137 source in combination with
a NI crystal to determine the optimum operating bias voltage. The
discriminator was set using ground level muons incident on the assembled
D8 scintillator so that at least 997 of these minimum ionizing particles
cause a D8 trigger. Although this D8 threshold corresponds to only
~400 keV energy loss in the scintillator, the presence of an aluminum
housing which surrounds the scintillator raises the D8 incident energy
threshold to ~9 MeV for protons and 0.6 MeV for electrons. Thus the

anti-coincidence cup acts as a mechanical collimator at low energies.

4, Electronics

The electronics package, which has been described in detail
elsewhere(16), consists of the following separate subsystems:
1) AE-Range telescope electronics
2) Eerenkov telescope electronics

3) Flare telescope electronics
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4) Analog signal processor

5) Coincidence and priority logic

6) Rate accumulators

7) Data storage, formatting, readout, and spacecraft interface

8) Power supply
A block diagram of the electronics relevant to the AE-Range Telescope
is shown in Figure II-2. Pulses produced in each detector are passed
through a charge-sensitive preamplifier, a shaping amplifier, and
finally to a pulse-height discriminator. If the pulse is above the
discriminator threshold, a logic pulse is generated which is passed
to the coincidence and priority logic subsystem, which in turn decides
whether the event should be blessed with analysis by the analog proces-
sor. If the decisfon is yes, then the logic subsystem opens the
linear gates and the analog signals are digitized by the three 256-
channel pulse height analyzers. The logic also passes the appropriate
single detector and coincidence rates to the rate accumulator subsystem.
The pulse-height data, range detector information, and rates are all
read out once during each 143 msec interval during normal spacecraft
operation.

Fourteen single detector rates and six coincidence rates are
accumulated. Since only two rates are sampled during a given readout
interval, a commutation sequence is employed to determine how the
available telemetry is shared by the rate scalers. The rates pertinent

to the range telescope are listed in Table II-3.
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Figure II-2:

AE-Range Telescope Electronics Block Diagram
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Table II-3

AE-Range Telescope Detector Rates

assuming normal spacecraft readout rate of 8000 bits/sec

Accumulation Elapsed time Contributing AQ(cmzsr)
Rate Period* between Particles (+67%)
readouts
D1D8 430.9 msec 432 msec protons ~1 to ~20 MeV 1.1
3 protons 2 3 MeV
D2D8 430.9 msec 432 msec 1.8
electrons > 0.2 MeV
D1D2D8 430.9 msec 6912 msec protons ~3 to ~20 MeV 120
T protons 2 18 MeV
D2D3D8 430.9 msec 432 msec 1.6
electrons 2 1.1 MeV
*

VAl
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As mentioned previously, all three telescopes compete for the use
of the analog-processor and telemetry. During normal command-mode
operation, the Flare telescope has highest priority, while the Range
and éerenkov telescopes compete on an equal basis at a lower priority
level. Thus the Flare telescope, which is a miniature version of the
Range telescope with passive instead of active collimation, begins to
dominate the analysis as the particle flux reaches the saturation
levels for the Range and Eerenkov telescopes. This priority system can
be altered easily by means of the seven separate ground commands avail-
able. Table II-4 lists the ground based command combinations which are
pertinent to the operation of the Range telescope, and shows how these

commands affect the logic and priority structure.

5. Electronics Calibration

The basic principle behind the use of solid-state detectors
is that the charge pulse produced at the detector terminals is propor-
tional to the energy deposited in the active detector volume by the
charged particle. 1In order to convert digital pulse height data into
particle energy loss information, one must know the values of the
thresholds of all the PHA channels in units of MeV of particle energy
loss.

The calibration of the pulse-~height analyzers was carried out as
a two-step process. First the voltage pulses from a Berkeley Tail
Pulse Generator were applied across a separate test capacitor at the
input of each charge-sensitive preamplifier. By varying the height of

this voltage test pulse and observing the pulse height analyzer output,



Table II-4

Ground-based Commands for the AE-Range Telescope

R

Command Command Triggering Logic c i
Number Name for Analog Processor e
c7 System Reset DID8 or D2D3D8 Normal mode
Ch D1 disable D2D3D8 Given if D1 fails
C5 D3 enable D1D8 or D3D8 Given if D2 fails
o py A Given if D3 fails or
cé6 D2 enable D1D8 or D2D8 for electron
data accumulation
C4C5 - D3D8 Only D3D8 triggers analysis
C5C6 or

C4C5C6

Range telescope shut-down

9T



the threshold value of each analyzer channel was determined in units
of pulser mV. In a similar way the discriminator threshold in pulser
mV was determined for each detector.

The second step involved the conversion of pulser mV to energy
loss in keV, which is equivalent to determining the value of the indi-
vidual test capacitors. This was achieved by irradiating each detector
with ThB alpha particles (with energies of 6.045, 6.083, and 8.776 MeV),
and comparing these particle-produced pulses with those of the test
pulser. The PHA and discriminator thresholds were thus determined
to an accuracy ¢l17 for temperatures between -5°C and +40°C. Typical
analyzer channel widths are -~50 keV, yielding a saturation value of
~13 MeV for each of the 256-channel analyzers.

Tests of the logic and priority structure, command modes, and
rate scalers were also made using the ground support equipment. A more
detailed description of all the electronics test procedures has been

given in a previous Ph.D. thesis(l7).

C. Spacecraft
1. The Satellite Orbit

The 0GO-6 spacecraft is the last in a series of Orbiting
Geophysical Observatories flown by NASA. It was launched on June 5,

1969 into a polar orbit described by the following parameters:

perigee 397 km
apogee 1098 km
inclination 82°

period 99.8 minutes
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Caltech's experiment F-20, which is one of 26 independent experiments
aboard the satellite, is mounted on the -Z door so that the telescope
entrance apertures always face away from the earth.

The satellite orbit can be pictured as nearly fixed in space with
the earth rotating beneath. The earth's rotational axis is tilted 8°
out of the pléne of the spacecraft orbit, so that the satellite never
reaches a geographic latitude greater than 82° N or S. When the
satellite crosses the geographic equator from south to north, this is
taken conventionally as the beginning of a new revolution. Each of the
~14 revolutions per day are numbered consecutively throughout the life
of the satellite.

Since low energy cosmic ray particles have access to the earth's
magnetosphere only in the vicinity of the north and south magnetic
poles(ZO), the location of the satellite orbit in the polar regioms is
of particular interest. Figure II-3 shows a series of orbits over the

south geographic pole spanning a full day in universal time.

2. Invariant Latitude and Magnetic Local Time

Since it is the geomagnetic field that defines the cosmic ray
access regions, a coordinate system aligned with the magnetic dipole
axis of the earth is commonly used to define the spacecraft location.
One approach is to merely set up a spherical polar coordinate system
centered on the dipole axis, and to then measure the satellite position
in terms of dipole Latitude and dipole Longifude. Because the earth's
field is distorted from a true dipole both by the presence of higher

order moments in the source and by the external influence of the solar



19

+180°

SOUTH
®
INVARIANT

=90 +90°

Ly
a
=)
=
[
<
-
Q
x
a
<
x
[
o
w
O

- 600
OO

GEOGRAPHIC LONGITUDE

Figure II-3: Typical orbital trajectories for QGO-6 across the south
pole in geocentric coordinates. The south invariant pole is the point
at which A = 90°,



20

wind, a non-spherical coordinate system using {nvarniant Latitude A, and

magnetic Locakl Zime MLT, has been found to be more appropriate(21’ 22).

These quantities are defined as follows:

dipole longitude dipole longitude
MLT = of spacecraft in - of earth-sun linej + 12 hours
hours in hours

dipole latitude adjusted for
A = distortions of the geomagnetic

field from a true dipole
The value of the invariant latitude A for a deformed geomagnetic line
of force is defined to be the same as the dipole latitude of the equi-
valent undistorted '"dipole" line of force. Note that any distortion of
the field lines in the azimuthal direction is neglected by the MLT
parameter. When the spacecraft is in the magnetic meridian plane that
contains the earth-sun line, it is at MLT = 1200 hours.

Figure II-4 shows the orbits of the previous figure plotted in
the A - MLT coordinate frame. Since the rotational and magnetic poles
differ in latitude by ”11.50, the orbit covers most values of A during
a 24-hour period. Note that the direction in which the spacecraft
crosses the A - MLT plane is roughly constant with time. This cover-
age region rotates slowly at the rate of ~1.8°/day, and the spacecraft

thus covers the entire A - MLT plane once every 100 days.
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III. DATA ANALYSIS

This section describes the manner in which the raw data

produced by the F-20 Experiment are converted to useful information

about the intensity and composition of the cosmic ray particles in

the vicinity of the 0GO-6 spacecraft.

A. Proton Response of the AE-Range Telescope

Using the results of the electronics calibration of the
analog-processors, one can convert a digital pulse height into a value
for the particle energy-loss in the detector depletion region. Given
a double or triple energy-loss measurement for a single particle event,
the problem remains to determine the particle charge Z and incident
kinetic energy E. The following is a discussion of how this problem

is solved for D1 through D4 proton events in the Range Telescope.

1. Accelerator Calibration

A straightforward way to determine the response of a cosmic
ray telescope to low energy protons is to simply expose the device to
a monoenergetic proton beam and observe the response directly. Such
an experiment has in fact been performed on the assembled F-20 flight
unit using Caltech's Tandem Van de Graaff accelerator. Although the
primary proton beam of the Caltech accelerator is limited to 12 MeV
energy, 23 MeV protons can be produced by means of the BlO(He3,p) C12

reaction. A magnetic spectrometer was used to select the desired beam

energy and also to limit the energy spread to AE/E = 1%. The Ground
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Support Equipment was used to simulate the experiment-spacecraft inter-
face and to write the digital data on magnetic tape.

After some analysis, the incident proton energies needed to pene-
trate to the top of D1, D2, A2, D3, and A3 (see Figure II-1) were
determined precisely. This information, in combination with the range-
energy tables for protons in mylar, silicon, aluminum, and tungsten(23),
yielded an accurate thickness measurement for the Mylar window and for
detectors D1, D2, and D3. Analysis of the pulse-height data from the
accelerator runs also determined the most-probable pulse height com-
binations in D1, D2, and D3 for various incident proton energies. A
detailed description of the Tandem Van de Graaff calibration has been

given by S. Murray(l7).

2. Proton Energy-Loss Calculation

A calculation of the instrument response to protons can be
made independent of an actual accelerator calibration by using the
thickness values for the various layers in the telescope and the range-

(23). In particular, the average energy loss <ég> in a

energy tables
given detector can be calculated as a function of incident energy E.
These calculated proton and alpha particle energy loss curves for DI,
D2, and D3 are shown in Figure III-1l. Note that the D1 - D2 energy-
loss combination uniquely determines the particle species and energy
from 3 to ~40 MeV/nucleon, while the D2 - D3 combination covers the
region above ~18 MeV/nucleon incident energy.

If these calculated curves for the most probable proton energy-

loss are combined with the electronics calibrations of the pulse-height
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analyzers, then estimates can be made of the expected pulse height
channel combinations in D1, D2, and D3 for a given proton incident
energy. These calculated digital pulse height values for D1 vs. D2

are shown in Figure III-2. The locations of the most-probable pulse
heights from the accelerator calibration runs are plotted for compari-
son. The agreement is very good, indicating that the energy-loss
tables can be used to extrapolate beyond the 23 MeV limit of the Tandem
Van de Graaff runs. A similar plot for D2 wvs. D3 pulse height is shown
in Figure III-3. The agreement between the energy-loss calculations
and the accelerator runs is again good, and the calculated values are

shown extended to 150 MeV incident proton energy.

3. Pulse Height Data Reduction

The comparison between calculation and experiment just
described represents a consistency check between the values for the
detector and absorber thicknesses, the energy-loss thresholds of the
pulse-height channels, the range-energy tables, and the actual instru-
ment response to protons. This indicates that the telescope proton
response is well-understood, and that a given D1-D2-D3 event can now be
easily associated with a specific particle species and incident energy.

The dashed linesin Figures III-2 and III-3 are proton regions or
bands which have been determined empirically to include essentially all
of the proton pulse-height events. Figures III-4 and III-5 show
2-dimensional printouts of actual satellite pulse-height data accumu-
lated during a 10-minute interval on 3 November 1969. The same proton

bands have been superimposed, and they do indeed surround the events
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Figure III-2

Proton response plotted on the 2-dimensional D1 vs. D2 pulse-
height plane. The numbers denote incident proton kinetic energy
in MeV. The crosses are the most-probable D1-D2 pulse-height
pairs derived from the results of the Tandem Van de Graaff accel-
erator calibration. The dots are the results of the average
energy-loss calculation based on the Janni range-energy tables
and on the best estimates for the Range Telescope detector and
absorber thicknesses. The dashed line defines a proton "band"

which includes essentially all valid proton events.
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Figure ITI-3

Proton response plotted on the 2-dimensional D2 vs. D3 pulse-
height plane. The numbers denote incident proton kinetic
energy in MeV. The crosses are the most-probable D2-D3 pulse
height pairs derived from the results of the Tandem Van de
Graaff accelerator calibration. The dots are the results of
the average energy-loss calculation based on the Janni range-
energy tables and on the best estimates for the Range Tele-
scope detector and absorber thicknesses. The dashed line
defines a proton "band" which includes essentially all valid

proton events.
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Figure III-4

The D1 vs. D2 pulse height array observed during a polar
pass on 3 November 1969. The numbers indicate the total
number of events which occurred with a particular D1-D2
pulse height combination. The PHA channel numbers are
pseudo-logarithmic (256 actual channels have been com-
pressed into 60). The boundary of the proton band and the
calculated locus for d—particles have been superimposed.
The exact nature of the pulse-height scales and event

number code is explained in reference 17.
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Figure III-5

The D2 vs. D3 pulse height array observed during a polar
pass on 3 November 1969. The numbers indicate the total
number of events which occurred with a particular D2-D3
pulse height combination. The PHA channel numbers are
pseudo-logarithmic (256 actual channels have been com-
pressed into 60). The boundary of the proton band has
been superimposed for comparison. The exact nature of

the pulse-height scales and event number code is explained

in reference 17.
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