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EXPECTED ELECTRON AND PROTON ENVIRONMENT FOR`71-- 5

COSMIC X-RAY EXPERIMENT ABOARD THE OSO-I AND OSO-H

Fors ord

At the request of the senior experimenter and the project office, a

special study was conducted to determine the ambient trapped particle

fluxes encountered by the OSO-I, in order to evaluate t". contamina-

tion of the cosmic x-ray detectors during times of apparently normal

data aquisition in order to develop means or rejection of background

events and/or provide a suitable normalization monitor. In response

to further requests, the study was expanded in order to provide data

for the determination of possible radiation damage to COS/MOS devices

on OSO, I and H.

`i 	 Several groups of scientists and engineers, related either to the

OSO-I or tL a OSO-H project, were briefed in separate meetings at

which the data were presented and explained and the results were

discussed. Two meetings were held at Goddard and a special 110SO-H

Meeting on Radiation Effects" was organized at NRL. Names and

affiliations of participants are given in the attached distribution

list.
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Introduction

The results contained in this report are valid for both vehicles,

USO-I and OSO-H, since their nominal orbi! s are identical, but with

the reservation that their ef.'ective launch date will not be more

than one ,ye,,ir apart.

Due to its low altitude and small inclination, the OSO (H and I)

trajectory lies entirely in a region of magnetic B/L-space coi:1m6nly

referred to as the "inner ?one" (1.0414   2.2). This fact simpli-

fies calculations and considerably improves the quality of the pre-

dicti,,ns, because la,tinF solar cycle effects, which ire more severely

ex.pera.enced in the outer zone, do not have tobe taken into account.

On the other hand, launch epoch for both missions is sometime in 19'74..

that is, during; the period of the next solar minimum . Consequently,

conditions prevailing ther in the radiation belt would most likely

resemble those that Existed during the, last solar minimum, namely in

1961, with the exception of the artificial. "Starfish" electrons that

populated the inner zone from July 1962 to about 1968. These would

have to ue ramoved, in order to obtain a reasonable approximation for

the 1974 environment. This process still involves some handwaiving,

which in turn degrades somewhat the quality of the predictions.

The vehicle encountered electron fluxes in our study are calculated

with Vette's AE2 model, which describc5 the environment as it actually

existed back in 1961, when the artificials were vastly predominant in



the inner zone. Since the model does not account for time dependent

changes, it was updated by decaying the fluxes exponentially up to

an epoch, at which it was felt that the natural beckground levels

had been reached. This was done with experimentally determined decay

lifetimes, defined as functions of B. L. and E ( energy ).

Orbital flux integrations for high energy protons were performed with

Vette r s current models AP1, AP61 AP7. As in the case of the AE2

(electrons), these are static models which do not consider temporal

variations. However, for the protons this is a valid representation

because experimental measurements have shown no significant changes

with time. With the exception of the fringe areas of the proton belt,

that is, at very lore altitudes and at the outer edges of the trapping

region, the possible error introduced by the static approximation

lies well within the uncertainty factor of 2, attached to the models.

Consequently, the proton models may be applied to any epoch without

the need for an updating process.

Classification of orbit integrated spectra as hard or soft is relative;

it is based on an overall evaluation of near earth space in terms of

circula r trajectories between equatorial and polar orbits.

a
Occasionally discontinuities appear in the proton spectra. These

"breaks" occur 'because the complete proton environment is being

described by three (formerly four) independent maps or grids, each

{
valid only over a limited energy range; for certain critical orbital

3



.I

configurations the discontinuities are then produced when moving from

one enerf7 range to a,r ,,other. They are caused, in part, by the

exponential energy parameter of the model which in many instances had

to be extrapolated o make up for lacking data and, in part, to

insufficient experimental measurements over some areas of B/L-space;

further-more, the discontinuities reflect the fact that the available

data cr nnut be completely matches: at their overlap. In order to over-,

come such spectral breaks, a continuous weighted mean curve is usually

drawn, connecting the adjacent segments; it should be regarded as an

approximate spectral distribution. In doing this, the API results

(30< E(Mev) < 50) have to be totally ignored sometimes. The OSO

orbit belon^,s to the affected group.

Attachment A contains other pertinent background information with

regard to units, field models, trajectory generat.. on and conversion,

etc. At this point, we wish to emphasize aFrain that our calculations

are only approximations; we strongly recommend that all persons to

receive parts of this report, be advised about the uncertainty in

our data.

Results: Analysis and Discussion

Our calculations are summarized in Tables 1, 2, 3 for electrons and 	 .'

Tables 4, 5 for protons. The superimposed spectral distribution of
both types of particles is given graphically in Figure 1.

4



The electron spectrum above E = 1 Mev mW be classified as "hard" for a

near earth space mission, while the protons rate a "very hard" classi-

fication for energies E > 15 Mev. Figures 2 and 3 give the characteris-

tic spectral profiles of the investigated trajectory, for electrons and

protons separately, plotted ,by computer.

Table 6 indicates what percent of its total lifetime the satellite spends

in "flux-free" regions of space, what percent of its total lifetime in

"high intensity" regions, and while in the latter, what percent of its

total daily flux it accumulates.

In the context of this study, the term "flux free" applies to all regions

of space where trapped-particle fluxes are less than one electron or

proton per square centimeter per second, having nergies E N .5 Mev and

E> 5• Mev respectively; this includes regions outside the radiation

belts. Similarly, we define as "hi,h intensity" those regions of space,9

where the instantaneous, integral, omnidirectional, trapped particle

flux is greater than 105 electrons with energies E > . 5 Mev, and

greater than 103 protons with energies E > 5. Mev. The values given

in Table 7 are statistical averages, obtained over extended intervals

of mission time. However, they may vary significantly from one orbit

to the nexts when individual orbits are considered.

Figures 4 and 5 are computer plots of instantaneous peak electron

(E > . 5 Mev) and proton (E J 5. Mev) intensities per orbit, for a

sequence of about 30 revolutions. A periodic pattern is evidents

5
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based on the daily cycle of about 15 revolutions. Cycle and pattern Are

4'unctionr of the orbit-period, which determines the precession of the

trajectory. Because of the circular form of the orbit (eccentricity = 0)q

no significant charges are expected to occur in either with time.

In regards to the displayed data, especially Noteworthy is the fact that

the OSO trajectory offers several consecutive virtually flux-free

revolutions per day, in the electron as well as in the proton medium.

Specifically, There are aboA three (3) flux-less orbits for electrons

and about five (5) for protons.

The described phenomenon is a special feature of this particular flight

path. A change in inclination or altitude will affect the radiation-

free period.

In Figures 6 and 7 time- and flux-histograms of the orbit are depicted

on the same graph, one for electr ns and one for protons, in terms of

the magnetic parameter L. The unmarked contcu r shows averared instan-

taneous intensities of the trajectory, for L-bands of constant width of

.1 earth radius; the contour marked with R's indicates the percent of

total lifetime spent by the vehicle in each L-interval.

6.



ATTACIWNT A

General Background Information

For the specifir.^i OSO-i trajectory, an orbit tape was generated with an

integration stepsize of one minute and for sufficiently long flighttimes

so as to insure an adequate sampling of the ambient environment; on

account of its period, which determines the rate of orbit-preceasion,

the following circular flight path of 48-hour duration was producedt

Inclination
	

Per_._ ige_e	 Apogee

33s
	

556km	 556ka

The orbit was subsequently converted from geocentric polar into magnetic

B-L coordinates wi`b McIlwain ' s INVAR program of 1965 and the field

routine ALLWAa by Stassinopoulos and Mead, utilizing the POGO ( 10/68)

geomagnetic field model by Cain and Langel, calculated for the epoch

1974.0 (B is the field strength at a given point and L is the geocentric

distance to the intersect of the field line, through that :point, with

the geomagnetic equator).

Orbital flux integrations were performed with Vette's current. models of

the environnt .$ the AE2 for electrons and the AP1,. -&P&' AP7 for high

energy protons. All are static models . which do not consider temporal
I

variations. See the text of the report for further details on this

matter.

7
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The results, relating to omnidirectional, vehicle encountered, integral,

trapped particle fluxes, are presented in graphical and tabular form

with the following unit conventions

1. Daily averagess	 total trajectory integrated flux averaged

into particles/cm2 day,

2. Totals per orbits	 non-averaged, single-orbit integrated flux

in particles/c®2 orbit,

3. Peaks per orbits 	 highest orbit-encountered instantaneous

flux in rarticles/em2 sec,

where 1 orbit 2 1 revo2.ution.

Please notes we wish to emphasize the fact that the data presented in

this report are only approximations. We do not believe the results to

be army better than a factor of 2 for the protons and a factor of 3 for

the,electrons. It is advisable to inform all potential users about this

uncertainty in the data.
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* See text for definition

Table 6.

E

O.SO - Ii

Circular

Inclination 330

Altitude 556 km

Decay Dates 1907.6

Electrons (E > 9511ev)	 Protons	 5•Mey)

1. Fraction of total life-

time spent in flax-free

regions# of spaces	 79.2%	 81956

2'. Fraction of total life-

time spent in high-intensity

regions* of Van Allen Belts:	 4.6%	 8.6%

3. Fraction of total daily flint

accumulated dining (2)s	 86.8%	 93.3%

i
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