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Abstract

A trcatment based on the analysic of data from Satellite 1963 38C
ﬁun been developed to calculate the dccay lifetimes of the artificial
clectron belt produced by the Starfich -nuclear cxplosion. The treatment
'makes use of cxperimental data and describes the decay life time 7t in
the form of a threc-dimensional continuyum in B, L and energy space. The
reoults are valid over the entire inner zome of the trapped radiation belt.
Réfercnce maps of constant + contours in B-L, B-E, and L-E gpace have

been constructed and are discussed.
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Introduciion

[

Scven artificial radiation belts have been made by'the explosion of
hich-nltitudc nuclear devices since 1958. Of these the Starfish event of
July 9, 1962, a low latitude nuclear cxplogsion, produced an intense region

of trapped artificial electrons with very long lifetimes.

The spatial and temporal characteristics of the artificial radiation

zone have rcceived considereble treatment in the literature, and the decay

lifetimes for the injected clectrons have becn discussced by several authors

(Van Allen, 196k; Cladis et sl., 1965; Dostrom and Williams, 1965; Prown,

1966; McTIlwain, 1966; DMaulikas et al., 1967; Leall et al., 19G7; Pfitzer,

1968; Bosctrom et al., 1970). ‘The picture that emerces is that of a fast

dccay at very low L values (L € 1.2), which is consictent with the prediction

L

5”&; of atmocpheric scattering theory [Walt, 1964]). Short lifetimes also occur at

POy 3

the outer edge of the inner radiation zone in the slot region. For the
intermediate L volues, the decay is slovwer with longest lifetimes ccowrring
at L~ 1.4. At low L values (1.15 € L € 1.4), a B dependence is also

';}f} observed [Beall et al., 1967].

During the years since 1962, computer procrams were developed at
Coddurd Space Flight Center to estimate the flux decay of artificially
injceted clectrons and the radiation hazards to which satellites would Ve

exposed [Stassinopoulos, 1905, 1967]. The decay lifetimes used in the

calculation of crbit-inteprated, vehicle-cncountered particle fluxes were
baced on fragmentary publiched data, and as such they _were neccscarily

restricted and not very accurate [Stassinopoulos, 1965). In this paper

we present a unificd treatment for the decay of the artificial clectrons

of the inner zonec by expreoscing the decay lifetime 1 as a continuous
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function of B, L and enerry E. The datn used in the analysis is cssentially
4
taken from & single catellite, 1963 38C, and covers the time span from launch,

Scptember 28, 1963, to December 1968 when, it f¢ felt, the energy channels of

- the catecllite mcaswred ecsentinlly the radiation of the natural background

[ygntrom ct al., 19701, The catellite description and instrumentation can

be found in the literature [Williams and Smith, 1965; Dostrom ct ai., 1967;

Beall ct al., 19677,

Diccussion
In order to facilitate the handling of an otherwise difficult and
complex prroblem, the¢ following simplifying assumptions are made:
(a) That 7 remains constant in time.
(b) That golar cycle, diurnal, and cecular-change cffects can
be neglected.
(c) That the decay of the Starfish clectrons can be approximated
by an exponential form.
(4) That the B-dependence of T docs not extend beyond L > 1.40.
Ascunmption (c) is justified by the 1963 38¢‘data; ascumption (d) is supported
by comparison with 0GO datg vhich measures a wider range of equatorial pitch

angles than 38C [Pfitzer, 1968; Ffitzer end Winckler, 1968].

When ordering the data in terms of the variable L, threc distinet regions
emefge (see Fig. 1), each identified by a characteristic functional dependence
of T on the paruneters B, L, and E. Ve dcnote the three regions us I,

II, and III. In region I, which extends from L = 1.15 to L = 1.40 (for
oll clectron energics), 1 1s & function of all the variables:
the ficld strength B, the magnetic shell parameter L, and the encrgy E.

The B dependence of the deeay constant has been previously discucsed by

-3.
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lenll et al., (1967), and it appears to become indeterminate for L » 1.h.

Consecquently, in our trcatment, we will take + in region IT to depend only
on L and E. Reglon II extends from L > 1.4 to approximatcly L~ 2.3, with
the latter boundary being erergy dependent. Curves, obtained for region II
from the APL data Ly plotting T vs E for all three channels at given
I~values, sugpgest that the high energy electrons exhibit the most rapid
decay and that at the time of the 1963 38C measurementc almost no artifi-
cials with energies E » 2 Mev remained in regions of L » 1.8. This is in
general agrecment with currently prevailing opinion [Pfitzer, 1968; vette,
private communication, 1970]. Thus, in generating 7 ys E plots for |
region II (2.3 » L > 1.4) we have not made use of the data from;the 1963
38C channel 3 (E = 2.4 Mev) and have instead extended the dcpendence
lincarly to the higher energies, using only éata»obtained from éhannels 1
(E » 0.28 Mev) and 2 (E 2 1.2 Mev). This is consistent with the derivation

of the deccay lifetimes obtained by Beall et al., (1967) and reflects the

uncertainty in the channel 3 data due to background proton contamination.

At the higher L values (L > 1.8) in this region, the data were hdjusted

to fit reported measwements [Van Allen, 1966; McIlwain, 1966; Brown, 1966].
Finally in region III, which includes all L-space beyond L~ 2.3, .

the decay lifcetime was taken to be only a function of energy. The «'s

in this latter region arc typically of the order of one month or less and,

a;c stated previously, will be neglected in this treatment, Figure 1l 6ut-

lines the domaing of the regions discussed above for electronc with

E = 0.28 Mev, and indicates the dependence of T on the variables

appropriate to cach domain.




In formuluting the problem, a four dimencional cpace is considered in
which thc decay lifetime T 4s a continuous function of the variables B, L
and energy E. The boundaries beyond which computation of T is dige
continued are:

(1) The cquutorial envelope.
(11) The radiation belt terminus.
(141) The ~ = O surface
vhere the equatorial envelope is as defined by McIlwain (1961); and where the
radiation belt terminus is designated as the constant electron intensity
contour of one particle per squarc centimeter per second as given for trapped
electrons with energies E 2 0.5 Mev by Vette et al., 1966.

It is ascumed that the terminus is timec and energy independent in 3, L
space, since any slight changes in its position duv to energy dependence or
secular variations do not affect the derivations and conclusions prescnted
in this treatment. The four dimensional space is then subdivided into volume
elements such thap within each volume, the parameter T is a lincar function
of all its variables {i.e., all partis’ derivatives of T are constant).

Since T depends mainly on the magnetic shell parameter‘L, appropriate
increments in L have to be taken sc as to preserve the.linearity requirement
within each volume element. Thus, region I is subdivided into 11 L-intervals
and region II in 19 L-intervals. Figure 2 shows the dcpendence of T

on the variables in region I
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for the three energy channels of satellite 1963 38C. 1In the next two
figures, ceveral cross sections of the T domain in recion I are plotied.
Figure 3 shows fouwr D-L cross cections for E 2 0.25, 0.5, 1, and 3 Mev;
and Ficure I shows ceveral B-E cross gections at discrete L-values. In
the latter figure, the B dependence of 7T at these lov L valuec is
cle~rly cvident. Fimally, the 1 dependence on L and F in region II

1g ghown in Figure 5. The slowest decay in this model occwrs at L~ 1.6
for E~ 0.3 Mev and gradually drifts toward L~ 1.4 at the higher integral
encrgics. Curves for < are not plotted for E < 0.2 Mev because there is
evidence that the low encrgy component (E ~ 0.1 Mev) of the integral
electron flux does not manifest a perceptidle decay [Pfitzer, 1968;

Pfitzer und VWinckler, 1968].

Data Procecssing.

A generalized treatment for all three variables, such as pertaining
to region I, will be given here. The same treatment, eppropriately modificd

to dcal with only two varieblesy applies to region II. 1In general,
T = T(B"L’E) (l)

The following relations then hold within each volume clement:

T=K(B,LE + A(8,L)

e ’()TJ . (2)
/&.. 23._.= <L + 8' ; X = aj:I;_
JB ok oLobH oL
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Combining the expressions we obtain a general function for the mean lifetime

within the volume elecment

T(B,L,E) = xBLE +(‘5'€>L +YLE+ SBE+€B +'SL+'rlE+ & (%)

e The coefficients of the variables, B,L“and E form & matrix and are found

fi experimentully, for a particular volume element, by a linear fit to the

gfx 1963 38C data. - For thoce intermediate volume clements for which cocfficients
é: cannot be determined due Lo sparse or insufficient data points, the known

coefficicnt values from adjacent bracketing volume elements are linearly
extrapolatced, so as to match all slopes at the respective boundariec.

" Thus, a continuous functional relationship of the dceay lifetime T on its
variables B,L and E is generated for the inner zone. Table 1 gives the

. values of the 30 sets of coefficients in the respective L-ranges.
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Conclusionn

In wing the results presented in this treatment, the following
considerations chould be taken into account:

(a) Decay lifetimes chould not be extrapolated backward too
close Lo the epoch of the nuclear event because the initial decoy (first
few weeks ) is considerubly fagter than at later times, which are considered
in the present analysis.,

(b) The estimated maximum value of the error {'or the calculated
T 45 ~ 15 days at intermediate L values (1.3 € L € 2.0). In this recion
the decay lifetime is of the order or gscveral hundred days. At low and
high L values (L€ 1.15 8and L » 2.2), wvhere the 7's are typically of
the order of o few weeks, the estimated orror is € § days.

(c¢) The functional deper’ence of ¢. on eﬁergy has been derived
uwsing integral encrpy channeln:'and may differ from decay consctants
obtained from differcntial enbrgy meagurements.

(d) At low cnergies (E € 0,15 Mev), the validity of the energy
dependence of 7T beeomes marginal. There is evidence that electrons of

these energies do not manifest a decay [Pfitzer, 1968; Pfitzer ard

Winckler, 1968] but are mainly part of the natural component of the
radjation belt. At the higher integral energi:s, the treatment should

not be extrapolated beyond E 2 6 Mev.
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Figure 1.

Figure 2.

Figure 3.
Figure 4.

Figure 5.

Fipure Captions

Domains of functional dependence of the dccay lifetime
on B, L and E for E 2 0.28 lev.

Decay lifetimes in region I (1.15 < LS ).4) showing the
B, L dcpendsiice of T for the 1963 38C satellite energy
channels.

B-L crocs scctions of the domnin in region I (1.15 <
L < 1.4) for ceveral integral encrgies.

B-E cross sections of the r domain in region I (1.15 <
L< 1.h) at ceveral L values.

Decay lifetimes in region II (1. h € L < 2,3) for integral
encrgies above 0.2 Mev.
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