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ABSTRACT

\ f;"iiq

Solar cosmic ray events are felt to present the greatest
hazard to the Apollo astronauts of all of the natural radiation
sources. This report describes the nature of the charged particle
fluxes in the vicinity of the earth in order to analyze the magni-
tude of the hazard.

The temporal dependence, spectral shape, size and compo-
sition of the events of the 19th solar cycle peak (1956-1961) are
discussed. DBest estimates for these properties are presented for
each event, and from these a dose-probability curve is calculated.
This is done using distribution functions to summarize the pro-
perties of the events.

An effort is made to analyze the accuracy to which the
radiation environment has been measured. The detection systems
used are described with an estimate of the accuracy as well as the
overall advantages and disadvantages of each.

Every effort should be made to reduce the uncertainties
of our knowledge of the next peak in solar activity. The ideal
program would include continuous monitoring outside of the magnhe-
tosphere of the particle flux, spectra, time dependence, and

composition. F¥ l ( c
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SOLAR COSMIC RAY EVENTS

I. Introduction

This report will present a description of the solar cosmic

ray environment, with emphasis placed on developing an estimate of
the uncertainty in the estimated hazard to the Apollc astronauts.
Since our understanding of the environment is the result of various
measuring devices, the merits and limitations of the instruments

used in obtaining cosmic ray data will be analyzed. A useful method
of applying the observed environment to describe the radiation hazard
to the astronauts will be presented. The intention here is to empha-

size basic aspects of the analysilis of solar cosmic ray data rather
than to present new or better data.

Solar cosmic ray events have been singled out from other
sources of radiation because they are felt to present the greatest
hazard to Apollo. The events of interest are those which produce

high fluxes (of the order of 108 protons/cm2 or more) with energies
in the 1 Mev to 1 Bev range in the vicinity of the earth, lasting for
several days. The characteristic of these events which is largely
responsible for the hazard to Apollo is the fact that they occur
randomly in time and cannot as yet be forecast in advance. The part
of the energy spectrum of interest to the Apollo program is that
between 30 Mev and 100 Mev. This is because protons with less than
30 Mev cannot penetrate the thinnest parts of the Command Module,
while those with more than 100 Mev are much less numerous than those
in the 30 to 100 Mev range. Protons with less than 30 Mev can
penetrate the Lunar Excursion Module and the spacesuit, so they can-
not be neglected for portions of the mission when some of the
astronauts are outside the CM.

In short, the problems to be discussed in this report are:

(1) What do we know about the solar cosmic ray environment?
How do we know it? How well do we know it?

(2) What do we want to know?
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(3) How can the interaction of the cosmic ray environment
with the Apollo astronauts be best analyzed?

2. Observations of Solar Cosmic Rays

In this section the techniques used to measure solar
cosmic ray intensities, spectra, and composition as functions of
time will be described. The experimental uncertainties of the
obtained values will be estimated.

There was no extended period of the 19th Solar Cycle
(1956-1961) during which complete coverage of the cosmic ray
environment was attained. All ground based observations required
detailed theoretical analysis to convert observed data to primary
cosmic ray fluxes in the energy range of interest. This analysis
was too complicated to give confidence in the results. In-flight
observations were not complete, with the times of peak flux occa-
sionally missed.

2.1 Polar Cap Absorption Measurements

When energetic cosmic rays enter the atmosphere, they
lose energy by ionizing the air molecules. As the density of
jonization increases, the ability of radio waves to traverse the
medium decreases and the waves are absorbed.

The three most successful systems which have been
developed to observe this phenomenon are the Riometer, the V.H.F.
ionospheric scatter network, and the F min system. The Relative
Ionospheric Opacity Meter (Riometer) measures the lonospheric

absorption of cosmic radio noise:(l) The V.H.F. ionospheric

scatter network transmits a radio wave from one station and

observes the wave after reflection from the ionosphere at a

second station about 1000 Km to 2000 Km away.(2) F min systems
measure the minimum frequency of radio waves that can be transmitted
vertically, with the echo from the ionosphere received on earth.

(2,3)

The theory which relates the absorption of radio waves
by the ionosphere to the incident flux of cosmic rays is presented

by Leinbachu(l) The radio absorption depends on the density of
jonization-altitude profile, which in fturn depends on the spectral
shape and intensity of the incident cosmic rays. Calculations
indicate that the observed absorption does not depend strongly on

the spectral shape. (4,5) Thus, only integral intensity values
above a cutoff energy can be expected.
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The fact that most of the absorption is expected to
occur at an altitude of 50-100 Km implies a minimum, atmospheric,
cutoff energy of about 10 Mev. 1In addition, because of the
earth's magnetic field, only particles above a particular cutoff

rigidity can reach a given observer(ll’lu) with the value of the
cutoff rigidity depending primarily on the magnetic latitude.
Rigidity is defined by equation 3-4. The intensity of cosmic rays
measured is thus the integral flux above the corresponding cutceff
energy. Since the earth's magnetic field changes in magnetic
storms, the value of the cutoff energy or the radio absorption may

change during parts of the cosmic ray events.

Since the experimental accuracy 1s abcut the same for
all PCA observations and the interpretive assumptions are similar,
only Riomefter data will be discussed here. The Riometer data is

1
uncertain by about +20% in the calculated absorptionc(*S) In
addition to the purely experimental limitations, there is about a
(6%
factor of 2 uncertainty in the interpretation of the datac(6)

2.2 Neutron Monitors

Because of the dense atmosphere, very few cosmic rays
reach the earth. However, many energetic (E>1 Bev) ones produce
neutrons which can penetrate the atmosphere and be detected by
earth based neutron monitors. Energetic solar cosmic rays and
galactic cosmic rays both produce such neutrons, so that galactic
cosmic rays produce a background counting rate which sets a lower
1imit on the sclar ccsmic ray fluxes observable with this type of
monitor. Therefore, solar cosmic ray fluxes with few particles
in the Bev range will not be seen.

Observations made at several stations located at different
gecmagnetic latitudes can yield integral fluxes above several
energies. These integral fluxes can be combined to give informa-
tion on the spectral shape of the particle fluxes in the Bev energy
region.

The accuracy of the cosmic ray fluxes deduced from the
neutron monitor is limited primarily by the considerations used in
the interpretation. The yield depends to some extent on the
spectral shape which is unknown unless spectral data from cther

*
This factor of 2 represents the expected error in the
resulting flux value.
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monitor stations or satellite observations are available. It

is estimated in the Solar Proton Manual(6) that cosmic ray
intensities are uncertain by up to a factor of two.

As indicated above, neutron monitors observe effects
produced by particles in the Bev energy range. Extrapolation
to the region of primary interest (30 Mev to 100 Mev) is
questionable, so that these measurements are not as valuable as
lower energy measurements. However, the monitoring is continuous
and the resulting checks on other measurements are helpful.

2.3 Primary Particle Detectors

Because of the earth's atmosphere, primary cosmic rays
can be detected only by in-fiight detectors. The flight systems
used in the 19th solar cycle were balloons, rockets, and satel-
lites.

Balloons have the limitation that they cannot escape
the atmosphere completely, but the experiments use this fact to
advantage by using the residual atmosphere above the balloon as
an absorber and measuring integral fluxes. Spectral shapes can
be measured by observing integral fluxes during the ascent of the
balloon through the atmosphere.

Rockets containing detectors have been launched when
another system, such as the riometer, observed the presence of
solar cosmic rays. With such a flight system observers can com-
bine the advantage of continuous monitoring of the ground based
system with the increased data capabilities of in-flight measure-
ments.

Satellites offer the best coverage for monitoring in
the range of interest. The detectors can be selected from
considerations of the guantities to be measured with fewer re-
strictions set by the in-flight system.

Geiger counters detect only the passage of particles
through the Geiger tube and give no information on the energy or
specific energy loss. The specific energy loss of a particle is
defined as - %% (Mev—cmz/gm) which is the energy deposited by a
particle per gram/cm” of material traversed. The range R of an
energetic proton 1s defined by:

o)

R(E) =f b

= (@
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where E is the initial energy of the particle. There is a 1:1
correspondence between the energy of a particle and its range
in a given material. Energy information can be obtained with
a Geiger tube by observing the flux of protons traversing a
given absorber, since all such protons have initial ranges
greater than the thickness of the absorber.

Ionization chambers count the total ionization of

particles pa851ng through the counter. Usually an ionization
chamher measures "specific ionization". The fact that galactic

cosmic rays have lower specific ionization than solar cosmic

rays enables the ionization chamber to discriminate against
galactic cosmic rays better than the geiger counter. The combi-
nation of ionization chamber, geiger ccunter, and absorber enables
one to obtain information on spectrum and composition.

Scintillators with photomultiplier tubes and silicon
junction detectors have also been used to detect cosmic rays.
Both types measure the energy of the particle detected. Nuclear
emulsions have also been used. Emulsions give time integrated
energy and composition information but no information on temporal
dependence.

Except for the Geiger tubes, all of these detectors have
sufficient resolving power so that very little uncertainty is
introduced in measuring an integral energy spectrum by limitations
in detector resolution. Relatively high uncertainties are intro-
duced by geometrical and efficiency considerations. Wwhile the
efficiency of each of these detectors in detecting energetic pro-
tons and alpha particles is 100% under ideal conditions, statisti-
cal reguirements combined with relatively low counting rates
necessitate non-ideal configurations. For example, rather than
use a thin scintillator on the surface of a photomultiplier with
good l1light ccllection, a large crystal with poor 1light collection
may be necessary. On such large detectors the efficiency is
difficult to calculate or measure. Complicated configurations of
absorbers and detectors combine with environmental conditions,
such as trapped radiation and the earth's magnetic field, to
restrict the accuracy of flux measurements. W. Webber estimates
an error of about +25% for in-flight flux measurements. (3)

Table 1 summarizes the energy regions measured in the
19th solar cycle with the detection techniques used for each. It
is noted that satellite data extend back only to 1960. Since
balioons and rockets usually were launched after the arrival at
earth of cosmic rays, the data is more useful in giving spectral
shape than for time integrated fluxes.
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Satellite data is superior to ground based and other
in-flight data because it provides direct measurement of the
particle fluxes throughout each event. However, better coverage
could be obtained by means of a satellite which was outside of
the magnetosphere a higher fraction of the time, ideally, all of
the time.

3. Characteristics of the 19th Solar Cycle Events

In this section the solar cosmic ray events of the
19th solar cycle will be described in some detail. The pro-
perties of the events will be discussed in an attempt to evaluate
a standard format to which the majority of the events conform.
Table 3 presents current best values for parameters used to de-
scribe the temporal dependence, the size,and the composition of
each of the events of the 19th solar cycle. The significance of
the parameters listed is described in this section. In order to
make these quantities meaningful, the bulk of this section is
given to a description of the phenomenology of the events as far
as the near-earth region is concerned.

The forms in which the events are usually described
will be presented and a table of the parameters applicable for
each event (Table 3), will be included. It is not true that all
events can best be described by the standard format, but it is
desirable, from the point of view of analysis, to use a single
representation.

3.1 Temporal Dependence

There are three characteristic times describing each
cosmic ray event: the onset-delay time, the rise time, and the
decay time. These quantities are shown in Figure 1. It should
be noted that these quantities are different for each energy
range considered.

It has become conventional to describe the temporal
dependence of particle flux by exponential expressions:

t-t
J =7 B t < t -1)
p ©XP T ) 0 <t <ty (3-1;

t-t
Jd = —— t < t —2»
Jp exp ( —Ezf) p = (3-2)
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where J 1s the instantaneous particle flux rate, Jp is the peak
particle flux rate, tp is the time of peak flux, tR is the rise
time, and tD is the decay time. To this approximation the time

integrated particle flux is

N = [ J dt = Jp (1:R + tD) (3-3)

Reference 6 presents the time dependence of most events.
It can be seen that parts of most events can be described by such
equations, but very few events can be described well during most
of their duraticn by a single set of parameters. However, the
values listed in Table 3 are useful in that they give a rough
estimate of the duration of each event. While equations 3-1 and
3-2 are usually used to describe the temporal dependence of the
flux intensity, they cannot be considered accurate representations
but mere conveniences.

3.2 Spectral Shape

It has been found(7) that many cosmic ray events can
best be described in terms of an exponentilial rigidity spectrum.
A detailed discussion of this description, including examples, is
found in Reference (7). The rigidity of a charged particle is
defined as:

_ pc o
R =57 (3-14)

where p is the particle's momentum in Mev/c, ¢ the velocity of
light, e the absolute value of the charge of the electron in
electrostatic units, and Z the atomic charge of the particle.
Thus, the number of particles with rigidity greater than R is
given by

N(>R) = N_e R/Fo (3-5)

where RO is the characteristic rigidity of the event and is

defined by the above equation. The units of R are volts. A
table relating energy to rigidity for protons, alpha particles,

and electrons is given by McKee and Bohlin.
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‘Figure 2 gives the distribution of the observed values
of characteristic rigidities for the events of the 19th solar

cycle containing a total flux of 106 protons/cm2 or more with
energies greater than 30 Mev. n(>RO) represents the number of

events having characteristic rigidity greater than Rou The

large uncertainties in the values prevent a unique choice of dis-
tribution functions from being chosen. Both the linear distribu-
tion

N 1 ; Ry o< 4o Mv
h(R )R, =(¢ 1.3 - .0095 R ;40 Mv < R_ < 145 My (3-6)
R 0 ;145 Mv < R

and the exponential function

h(R)AR, = e Roy/52 (3-7)

fit the observed distribution to within experimental uncertainty.
Both of these expressions fulfill the normalization requirement.

h(Ro)dRo =1 (3-8)

The advantage of the exponential rigidity spectrum
description of an event is that a single parameter accurately
describes the particle spectrum over wide ranges of rigidity or
energy. This suggeststhat such a description may be basic to the
acceleration and propagation process. However, the characteris-
tic rigidity is not necessarily constant over an entire event.

If the rigidity changes during an event, the time integrated
spectrum may not be as accurately exponential as the instanta-
neous spectrum. Of the events considered in Reference 7, only
about 30% had constant rigidity, with the characteristic rigidity
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decreasing with time during the course of the other events.
Since the rigidity was fairly constant during the times of peak
flux, the time integrated spectrum was reasonably well descrlbed
by an exponential distribution in most cases.

3.3 Composition

Data on the composition of solar cosmic rays is

limited, being available for only about 25% of the events of the
19th QOTHP cycle. While the composition of selar cosmic rays
varies from one event to another, there is a tendency for protons

and alpha particles to be about equally abundant, with heavier

ions much less significant. Table 2 is taken from Schulte(g) and
gives relative fluxes of various positive ions based on data taken

from the September 3, November 12 and November 15, 1960 events.(lo)
About 60% of the events observed contained proton/alpha particle
ratios consistent with the above assumption, while only a few
events were greatly at variance with it. For purposes of analysis
such a model is useful. The ratio of proton flux to alpha particle
flux is given in Table 3 for the events in which data is available.

3.4 Particle Fluxes

The integral cosmic ray fluxes are usually presented in
terms of the total number of protons with rigidities greater than
R integrated over the time of the whole event, for R values of
137 Mv, 239 Mv, and 445 Mv (1 Mv = 10° v) corresponding to energies
cf 10 Mev, 30 Mev and 100 Mev, respectively. In several cases,
when several events originated from the same spot on the sun and
were separated by only a few days, they were treated as a single
event 1in one curve in Figure 3. Such events which were close to
each other in both time of occurrence and in position on the sun
were considered to be a single solar event. The flux values are
the same as given in Table 3. The probability values were obtained
by assuming random time distribution during the 6 years of solar
maximum, 1956-1961.

The event size distribution for the ungrouped events can
be described with fair accuracy by the expression:

.0476 - .00511 loglo[N(>30ﬂ;Ni2X109 protgns
g(N(>30)) AN(>»30) = “;;“—

N 0 ; N> 2x10” Rrotons

cm

oo

- (3-9)
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g(N'(>30))dN(>30) is the fraction of days in the 6 year
N (>30)

maximum of the 19th solar cycle in which an event of size N(-30)
or larger occurred.

The peak intensity, J(>R), is given by

=3
St

™ A\
2] (2-10)
+ N 7

[

L

T OR) = e m F
to the extent that the exponential representation of the time
dependence 1is correct.

Table 3 presents some significant parameters for the
events of the 19th solar cycle. Values are taken from References 3
6 and 7 although most of them have been checked with calculations
made from published data. The experimental uncertainties can be
estimated from the values given in Table 1.

The first two columns give values for the onset plus
rise time, expressed in hours, for protons above two energy
levels. The next two columns contain decay times. Numbers given
in parentheses are estimated values.

The next three columns contain total fluxes with
energies above each of three values, integrated over the entire
event. These fluxes are given in units of protons/cm?.

The characteristic rigidities given are calculated from
the equation

206
N(-30 Mev)
N(>100 Mev)

which results simply by assuﬁing that the spectrum is accurately
exponential in rigidity above 30 Mev. The data from 30 Mev to
100 Mev is used without regard to the flux above 10 Mev.

R (3-11)

°© 1n

The errors assigned to the values in Figure 3 are based
on error estimates summarized in Table 1. The rigidity values
required two flux measurements (e.g., N(>30 Mev) and N(:100 Mev)),
and the error is propagated appropriately, using equation 3-11 as
a definition.
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The ratios of proton fluxes to alpha particle fluxes
are based on fluxes per equal rigidity interval. It has been
observed for some events that the same RO describes a and proton

spectra.(7’9) If this is generally true, then the ratio of pro-
ton to alpha particle fluxes should be independent of the rigidity
range observed.

L, Applications

1t is useful to use the empirical distribution functions
presented in Section 3 in calculating a dose probability curve for
the Command Module. The calculation which will be done is for a
specific case,and the purpose of the calculation is to illustrate
the use of the distribution functions.

The quantity to be evaluated is

f(D)dD = the probability per day of being exposed to a dose
between D and D+dD

The first assumption made is that the dose is a function
of N(»>30) and the characteristic rigidity only, for a given
shielding configuration:

D = D(N[>30],Ro) (4-1)

and that any one of these quantities can be expressed in terms of
the other two.

F(N[>30],RO) dROdN[>3O] represents the number of events With

characteristic rigidities between RO and RO+dRO and flux between

N[>30] and N[>30] + AN[>30]. For convenience, the symbol N will
be used_to represent N[>30] in the following:

f(D)dD = F(N,Ro)dRodN (4-2)

The prime on the integration indicates that only values of N and
Ro related by equation 4-1 are included in the summation.

The next simplifying assumption that will be made is
that N is independent of Ro, so that

F(N,R)) = g(N)h(R) (4-3)
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The events of the 19th solar cycle are plotted as
a function of N[> 30 Mev] and R in Figure 5. While the

points do not seem purely random, there is no 1:1 relation-
ship between N[> 30 Mev] and R o2 and the assumption of a

random scatter should 1ntroduce only a small error in the
results.

Substituting equation 4-3 into 4-2:
1

£{D)ap =-[ g(N) n(R_ ) drR 4N (L-l)
(o] o] ’
| 3(R_,N)
- [ eorD nery) Rty Ro’D ar_ ap
=-f g(N[D,R ]) h(R ) 5p 4R, ab (4-5)
or ©
£(D) =f 57 &M h(R,) dRj (L4-6)
0
3(R N)

_Tﬁ_57 is the Jacobian of the transformation from R oN coordi-

nates to Ro, D coordinates.

It should be noted that g(N), f(D), and F(N, R ) are

defined as probabilities per day, while h(R ) is normallzed
to unity.

A calculation by E. N. Shipley‘1?) indicated that
the Command Module dose per proton or alpha particle depends
on the characteristic rigidity in the manner shown in Figure 4.
Since many solar cosmic ray events seem to have equal fluxes
of protons and alpha particles per rigidity interval, this
equality can be taken as universal for the purposes of the
present analysis. For this case, Figure 4 indicates that the
expression

D(N[~30 Mev],R ) = 0.45 x 1077 N[>30 Mev] R_  (4=7)
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empirically describes the dose given by an event of the
size given by N and a spectral shape described by Ro. This

expression is valid at the center of the capsule for this
particle composition using the particular shielding described
in Ref. 12. The simplicity of (4-~7) is fortuitous, as is
suggested by the three curves of Figure 4.

Equation (3-9) states that

- r N O rnratrnc
. (0476 - .00511 log, JN(>30);N:2x10” BE=SES
cm
g(N(~30)) d N(>30) = (4-8)
! 03 2 x 109<N 9293%25
cm
which yields:
.00221/N ; N <2 x 10° protgns
cm
g(N(>30)) = (4-9)
2 x 109 Qrotons < N
2
cm

From equation (3-6):

1 ; R < 40 Mv
o o)
h(RO)dRO =¢ 1.3 -.0095 Ro; 4o < Ro < 145 Mv (4<10)
Rs 0 3 145 < R
. o

which yields:
0 ; R < 40 Mv
o]
h(RO) =¢ .0095 ; 40 < R < 145 Mv (4-11)
14

o}
0 3 5<RO
When equation (4-7) is solved for N, one has:

N = D (4-12)

-9
45 x 10 Ro

o
we
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Substituting equations 4-9, 4-11, and L4-12 into 4-6 and
integrating, we have

-3

(2'2 X 10 ;D < 36 rad.

2.1 x 107° :

£(D) ={ 5 (145- D/.9)336 rad < D < 131 rad. (4-13)
- 0 5D > 131 rad.

o ﬁ01o - .005 log, D ; D < 36 rad.
j £(D)dD = (.012 - .007 log,,D + 2.3 x 10™°D 336 < D - 131 (L4-14)
0 ; 131 < D

This distribution function is shown in Figure 6
along with Shipley's calculated dose points.

An interesting aspect of the dependence of the
dose distribution on h(RO) can be seen by considering
aN(D,RO)

£(D) 5D

g(N[D,R 1) h(R AR, (4-15)
0o

In general this is a complicated function of N(D, R )

g(N), and h(R ). For the reasonable case (see (4.9))

g(N) = %;0 N < o (4-16)
we have: o
N(D,R )
£(D) oNtD, R, ) | |
. 3D N(D,R_) h(R,) dR, (H-17)

which depends on N(D,RO) and h(RO). If we now assume

N(D,R_ ) = m(D)n(R,) (4-18)
o =[S Sy i pan,
@]
_ A adm(D)
=W T dp (4-19)
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because of the normalization requirement of h(R,) (equation 3-8).

Thus, for the case where equations 4-16 and 4-18 hold, the dose

distribution is independent of the rigidity distribution, and a

single typical rigidity value can be assumed to apply teo all

events in calculating a dose distribution. The particular rigidity

value chosen affects the normalization and, therefore, the

maximum possible dose, but does not affect the shape of the

distribution. The generallity of this result is limited by the

finite r of xtq'l'xrql‘ry of U-6 3in the re
+

“atia WO 4.8.“58 [ A S AR

< (%]
in an overestimate of the dose probabilit
these limits.

e, which results
he regions of

The analysis of the distribution of doses for the
events of the 19th solar cycle by the present method does not
introduce significant new information but is intended to demon-
strate the use of this approach. Dose is not a basic quantity,
especially when an arbitrary shield such as the command module
is introduced. A basic theory of cosmic ray events should be
able to reproduce the distribution functions.

While no events have been observed giving a dose
in the range of 200 rads, an extrapolation can reasonably
be made using above considerations. Such extrapolations
can be verified only by extensive additional data. How-
ever, extrapolations are often necessary and the above method
may well give more reliable results than previous analyses.

There is no guarantee that the events of the 20th
solar cycle will be similar to those of the 19th. Therefore,
it is important that spectral, intensity, and compositilon
data be obtained as early in the 20th solar cycle as possible.
This would mean continuous monitoring, using all systems that
were used in the last solar cycle, as well as any improvements
now avallable.

5. Conclusions and Recommendations

While considerable effort has gone into experiments
measuring sclar cosmic ray properties, the accuracy of the
results is still not as high as is needed for a reliable
picture of the overall phenomenon. The number of events
occurring in a given solar cycle is relatively small so that
statistics are poor, and direct measurements were made on a
regular basis only late in the cycle.

Another quantity affecting charged cosmic rays is
the earth's magnetic field. The problem of estimating the
equivalent free space acceptance solid angle of a detector
in low earth orbit is extremely complicated, even in times
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of magnetic calm. Therefore, it should be helpful to make flux
measurements outside of the earth's magnetosphere, on as continuous
a basis as possible.

An ideal experimental program concerning the solar cosmic
ray environment would include full time monitoring (outside of the
magnetosphere) of particle flux, spectra, and time dependence of

‘each type of particle present, and the relative abundances of each

type. Such information would enable a more reliable environmental

" hAan AacralaAan~A

model to be developed. {/’ ) /7// .
7 F A e
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APPENDIX

The "Natural Environment and Physical
Standards for the Apollo Program"
Solar Cosmic Ray Environment

The "Natural Environment and Physical Standards for
the Apollo Program" M-D E 8020.008B (SE-0185-001-1), April 1965,
corrtains a model representing the expected solar cosmic ray
environment. The description includes some collective proper-
ties of the events and a specific, more detailed account of a
typical event. The model 1is presented as a basis for design and
englreering specifications.

The NEPSAP "model" represents a standard established
for the various contributors to the Apollo Program. It gives
a complete description of the spectra, intensity, composition,
and temporal dependence of solar cosmlc ray events with which
radiation induced quantities can be calculated. The fact
that parts of the descriptior have not been verified experi-
mentally has not been emphasized since it 1s not relevant to
the establishment of the standard. Similarly, estimates of
the accuracy of the model are not presented.

The NEPSAP model is derived from the same data that
was used in this report, so that the two descriptions are gererally
consistent. However, since the variation of event parameters
from one event to another is considerable, the event described
ir. NEPSAP will be consistent with values observed for very
few individual events. For instance, the temporal dependence
displayed gives a tg (>30Mev) = 20 hours and tR (> 100 Mev)

= 15 hours. These values are representative of about 30% of
the events. The expression relating peak flux to time inte-

grated flux (peak flux = 6 x 10"6 X time integrated flux) ard
the time dependerice curves require a decay time of the order
of one day, which is the average decay time of all events.
However, 50% of the events had decay times differing from this
by over eight hours.

As a standard, the description given in NEPSAP 1is an
adequate representation of the solar cosmic ray environment.
It is sufficiently complete that it allows extensive calculations
to te made of any of the radiation effects resulting from solar
cosmic ray events. It 1s sufficiently accurate that the results
cf calculations can be relied on to the extent that a factor
of about 2 in the radiation exposure is unimportant.
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TABLE 2
Element Relative Flux

Hydrogen 1
Helium

h
Beryllium and Boron <2 x 107"
Carbon 5 x 1073
Nitrogen 1 x 1073
Oxygen x 1073
Fluorine <3 x lO_u
Neon 1 x 1073
Sodium through Argon 1 x 1073
TABLE 2. - Relative fluxes of various elements in solar cosmic

rays for equal rigidity intervals.
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