View metadata, citation and similar papers at core.ac.uk

<
brought to you by .{ CORE
provided by NASA Technical Reports Server

-~

\ | A SURVEY OF INNER ZONE PROTONS

By
R. W. Fillius
and

C. E. McIlwain

GPO PRICE S

OTS PRICE(S) $

Hard copy (HC) /7/%

Microfiche (MF)

Department of Physics
University of California at San Diego

La Jolla, California

April 13, 1965

N65-26423 |

(ACCESSION NUMBER) (THRU) \
50 / |

(PAGES)

(€oD, i
c b D 0 5 |

|

(NASW CR OR TMX OR AD NUMBER) (CATEGORY) { ;

[ ——

PACILITY FORM 602



https://core.ac.uk/display/85255085?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Abstract Glcgz¥2f3

This report presents detailed data from a survey of

trapped protons maede by Relay I. Six energy channels from

1.1 to 63 MeV are analyzed to determine the stationary dis-
tribution of trapped protons as of January 1, 1963. This

data is presented as the observed flux of locally mirroring
particles plotted as a function of /B/ on each shell of

force, and in the form of contour maps in B, L space. Although
interpretation is reserved for a companion paper, it is be-
lieved that this data will be useful reference material

for scientists investigating the trapped radiation.
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I. Introduction

The State University of Iowa - University of California detectors
éboard Relay I have been used before to make selected studies of the
trapped radiation in the interior of the magnetosphere. A broad survey
of radiation intensities, including electrons of energy greater than
0.45 MeV and protons from 1.1 to 63 MeV, emphasizing spatial depeﬁdence,
radiation damage effects on satellite solar cells, and geomagnetic storm-
time effects, was distributed in a NASA report [ﬁcllwain, Fillius,

Valerio, and Davé, l96§7. McIlwain exhibited the effects of the major
magnetic storm of September, 1963 on the protons counted by a 34 MeV
threshold omnidirectional scintillation detectorllﬁcIlwain, 19657.
Fillius and McIlwain used the array of eight energy selective proton
channels to demonstrate the spatial dependence of the energy spectrum and
to indicate the intensities encountered /Fillius and McIlwain, 1964/.

The present report is a detailed presentation of data from a survey
of protons in six energy ranges from 1.1 to 63 MeV. This report is a
supplement to a more interpretive paper to be published by Fillius Z?illius,
19657. Because it was desired to make the complete set of data available,
and because its bulk was too great to be included in the companion paper,
the collection is presented in this separate report. It is believed that
this data will be found useful by other experimenters for detailed comparison
with their work, for theoreticians who want more than a superficial knowledge
of experimental results, and, in general, by anyone who wishes to refer to

the trapped proton intensities within the inner zone.




II. Instrumentation

This report deals with two of the four SUI/UCSD instruments on-
Relay I. Using pulse height discrimination, these detectors generate
six energy bands of data on the trapped proton fluxes. Table I sum-
marizes their characteristics. Previous reports have described the
design and calibration of these instruments quite thoroughly [fﬁllius,
1963; Fillius and McIlwain, 1964; McIlwain et al, 19657. These references
can be consulted for a more detailed review of the instrumentation.

The output of the detector is digital, with digital telemetry and
data handling. The discriminators and secalers are linear for the counting
rates experienced by these detectors and a redundani readout in the
telemetry frame guards against transmission errors. The linear amplifiers
have a temperature coefficlent which causes the discrimination levels to
change by as much as 20% in the operating temperature range of -5 to
+3Oo C. The data presented here has been compensated for this éhange by
calculating, for the observed spectrum, the counting rate that would have
been observed at the calibration temperature. PFurthermore, radiation
damaée caused the gain of detector B to drop to 50% of its initial wvalue
in the period from April 10 to May 10, 1963. This data has been recovered
by a similar correction. A complete description of this correction is
given by Fillius /1965/. The temperature correction to the B detector

data rarely amounts to as much as 40% and is generally less than 20%.

That to the C detector data is rarely more than 30% and generally less than

lS%. The radiation damage correction to detector B increases from zero to



as much as a factor of ten at the highest. These changes have proved them-
selves valid’by reducing the scatter in the points, and, furthermore, the
data recovered by the damage correction has made it possible to perform
operations on the computer which, without it, had to be done by hand.

It may be noted that previously published data [ﬁbllwain, et al, 1964;
Fillius and MecIlwain, 19657 does not include the temperature corréection

to detector C or the additional detector B data gained by the damage cor-

rection.

ITI. Data Reduction

The complex data analysis program used for this survey was developed
by McIlwain /McIlwain, 1963/ for Explorer XV data. The method will be
reviewed here as it has been applied to Relay I.

The rew satellite data consists of counting rates for the several
detectors versus time. The position of the satellite as a function of
time is provided by NASA and added to the data. Position is calculated
in magnetic coordinates, or B, L space. ZﬁcIlwain, 19617. From this is
obtained the counting rates versus B and L. Next a computer program

interpolates the data to selected magnetic shells / L = 2.0, 2.05, 2.1, etc./

wherever the orbit crosses them and data are usable. The interpolated data
are grouped according to L value and sorted in order of B. With adequate
data, one can then plot the counting rates as a function of B for any
selected L. Usually there is a strong B dependence.

As each crossing of a magnetic shell occurs at a different time, the
time dependence has so far been left out. For proton datas it is typically

quite small. When the time dependence is steady and not a function of B,




one can fit the flux on a line of force with the function,
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where

Bo = 45%%§ is the value of the magnetic field at the
equator for that L,

3 ‘S N S5 8 is selected by the computer or by the

programmer for the best fit.

G is the geometric factor in cm2 - ster for the detector.

t is numbered in days and fractions of a day, beginning with
1 on January 1, 1963.

One sees that the given function can produce a strong B dependence and
a weaek t dependence as required. Good fits are obtained with this
function without cross termg or higher powers in time.

Satisfactory coefficients Al, - - - AN have been obtained on a
grid of L values for each of the six data channels of this survey. These
coefficients are listed in Tables 2 through 7, alqng with the limits of
B (in gauss) over which the f£it is satisfactory and the number of data
points on the line of force. The last column gives 100 times the rms
difference between the logarithm of the data and the logarithm of the fit.
In the approximation of a good fit this is just the rms error in per cent.
This measure of quality ranges from 5 to 75 %, and is

typically between 10 and 25%.



During a stable or slowly changing epoch a counting rate at time

t can be projected to a reference time tre by multiplying by

£
exp (A2 (t - tref')> . The result is the intensity that would presumably
have been measured at the reference time. The figures accompanying this
paper represent such presumed intensities, projected to January 1, 1963.
Data in the three ranges of detector B were taken during the interval

from December lh, 1962 to May 10, 1963; in the three ranges of detector C,
from December 14, 1962 to September 22, 1963.

Figures 1 through 21 exhibit log ‘ﬁ' vs log B measured in the six
energy ranges of detectors B and C. The next three figures, Figures 22 - o4,
show the sum of the detector C channels, or the flux of protons from 18.2
to 63 MeV. The points represent the individual measurement projected
to day 1, and the line is the analytical fit according to equation (1).

A1l of the information from an individual channel can be displayed
by a map of intensity contours. F gures 25 through 31 are contour maps in
B, L space for the seven energy ranges named above. Although the former
plots are more accurate, contour maps are convenient and make a pleasing
summary of a set of data.

Iv. Summary

Over 6000 data points have been presented which show the fluxes of
trapped protons in the inner radiation zone. Discussion of the data will
be made in a separate paper‘[fillius, 19657. It is hoped that distribution
of this data will supplement other experimental work, and will stimulate

theoretical studies of the origin, transport, and loss of these particles.
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Table I

Summary of Detector Characteristics

Detector B

Sensor: Silicon surface-barrier diode with depletion depth
of 25 mg/cm?.

Geometric factor: .0136 cmt-ster (directional).

Shielding: 8.5 gm/cm? bfass in sides and back. 1.115 mg/cm2
(air equivalent) nickel light shield over look cone.

Electronic discrimination levels:

B = 0.87  Mev
BB = 1.4 MeV
BY = 2.11  MeV
BO = 3.84  MeV

Proton energy ranges:
Range one: 1.1 to 1.6 MeV and
7.1 to 14 MeV
Range two: 1.6 to 2.25 MeV and
4.75 to 7.1 MeV
Range three:2.25 to L.T MeV
Detector C
Sensors: Two silicon Li-drift diodes with active depths of
107 and 132 mg/cm?, operated in coincidence.

Geometric factor: 0.22 cme ster (directional).




Table I (Continued)

Electronic discrimination levels:

Cla =
C1p =
\ | Cly =
C2x =
caep =
ca2y =

Proton Energy Ranges:

Range one:
Range two:

Range three:

0.75
1.71
2.84
1.14

2.0k

3-53

Dir

MeV
MeV
MeV
MeV
MeV

MeV

18.2 to 25 MeV
25 to 35 MeV

35 to 63 MeV

ectionality

These detectors are mounted perpendicular to the satellite spin

axis and are gated by a magnetometer to record data only when they point

+
within - 10 degrees of tnhe plane perpendicular to the local magnetic field

vector. Thus they measure j; , the flux of locally mirroring particles.
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Figure
Nos.

1-4

9 - 12

13 - 15

16 - 18

FIGURE CAPTIONS

Protons 1.1 to 1b Mev. The flux of mirroring particles
ve B for 28 lines of force from

L = 1.5 to L = k.2,
on January 1, 1963.
Protons 1.6 to 7.1 MeV. The flux of mirroring particles
vs B for 28 lines of force from

L = 1.5 to L = k.2,
on January 1, 1963.
Protons 2.25 to 4.7 MeV. The flux of mirroring particles
vs B for 25 lines of force from

L = 1.5 to L = 3.9,
on January 1, 1963.
Protons 18.2 to 25 MeV. The flux of mirroring particles
vs B for 18 lines of force from

L = 1.3 to L = 3.0,
on January 1, 1963.
Protons 25 to 35 MeV. The flux of mirroring particles
vs B for 1l lines of force from

L = 1.6 to L = 2.9,

on January 1, 1963.
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Figure
Nos.

19 -22

22 - 24

25 - 31

FIGURE CAPTIONS
(Continued)

Protons 35 to 63 MeV. The flux of mirroring particles
vs B for 12 lines of force from

L = 1.8 to L = 2.9,
on January l,‘l963.
Protons 18.2 to 63 MeV. The flux of mirroring particles
vs B for 12 lines of force from

L = 1.8 to L = 2.9,
on January 1, 1963.

Contour maps in B, L space for the flux of trapped protons.
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