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ABSTRACT

; Observations of high energy protons geoma.gnatically trapped in S

the 1nner Van Allen belt nave been carried out since September 1902

with nuclear research emulsions recovered from low altitude, polar-';}'
orbiting satellites. tween November 1962 and June 1966, during the
period of minimum solar activity, the omnidirectional proton flux at

63 MeV reméine& constant o withinvi 7.6 percent, an error comparable  :}'
to the statistical accuracy of the measurement. Howéver,.since

August 1966 we have obtained substantial evidence that the proton flux

is defreasing in a mamner which is attributable to solar cycle vari'ations. o

in the density of the upper é.tmosphere. As of our last weasurement in V

November 1567, the flux nes diminished by more than a factor of 2 rela‘_tive‘ ‘

to the_ stable flux profilé observed during the last solar minimum pariod .
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Since September 1962, we have analyzed nuclear research emulsions‘

recovered from more than 30 low’altitude, polar-orhiting satellite

_ flights of 2-7 days duration . Parameters measured for'thesedflight.

experiments include the omnidirectional flux of 57468 MeV protons,

east-west asymmetry of 130 MeV'protons,'energy spectra'for Efzf57 MeV,'

' the spatial orientation of the mirror plane; and the pitch‘angle ”

distrihution 1’2 The purpose of. this paper is to report from these

experiments the results that pertain to the temporal behav1or of the

omnidirectional flux of protons at an average energy E 63 MeV.
. Because of- the low satellite altitudes at which the experiments
were conducted (250-520 km), the trapped protons were detected at or

near their minimum mirror pointvaltitudes over a very limited_region

,in”space;>the:so-calledeouth Atlantic anomaly.' This region,-Which is

centered at approximately 3u4° south by 3h west (geographic), is the

vs1te of anomalously low 1ntensit1es of the geomagnetlc field. Con-

sequently, the inner Van Allen belt particles reach their minimum

mirror point altitudes over this‘area. Furthermore, in a typical

hFday flight a polar-orbiting“satellite traverses the anomaly approxia

'mately 12 times each in the northward and southward directions and

thereby achieves a comprehensive sampling of this region The attitude-

- control of the vehicle was maintained throughout each flight'and

provided a stabilized detector platform which was oriented w1th respect '

“to the zenith and to the velocity vector of the satellite

The particle detectors ‘were four small button-shaped stacks

(4 cm dismeter X 0. h8 cm thick) of Ilford’ G 2 and G. 5 nuclear emulsions

' placed in. small stainless steel containers and mounted on the recoverable ;
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vehicle immediately beneath the 2.5 gm/cm2 ablative shield. The
position of each button on the vehicle was accurately known; in fact,
for all but a few early flights, the position of.the érincipai emulsionv
button from which the flux data were obtained was identioal. . e
" The quantity actually measured in these experiments is the directional.
flux of protons at azimﬁthal angle ¢ in the mirror plane, whéte m:is
measured from the vector BE xR where K is the ’zenith direction'. - The
directional flux in the mirror plane at low altitude is not azimuthally
symmetricvas>evidenced by the observation of the eést-west’asymmetry_in
proton flﬁx{l Wé have concludéd from our analysis of the altitude

3

dependence of the east-west asymmetries,” that the directional flux vs.
guiding-center altitudes is a power law function. Uéing this infor- -
mation, we are able_to convettvoﬁr directional measurementé to omni-
directionai flux.

Figure 1 presents the altitudéndependence of.the omnidirectional
flux of 63 MeV protons obtained betﬁeen November 1962 and June 1966.
This 3.5 year interval is centered about the recent Minimum in solar
activity. During this period,_thé‘omnidifectionél flux was remarkably
stable. This stability afforded us the opportunity to establish‘the '
repfoducioility éhd internal consistency of the flux measﬁreménts.:
Plotted in Fig. 1 is the omnidirectional flux j(63 MeV) cm—aMeV—lday-l

versus the flux weighted average minimum mirror point altitude, Eﬁin"

€

The averaging of hmin is taken over the satellite ephemeris in one
minute intervals with the.use-of the Injun 3 proton flux datau and -
p)

the Jensen and Cain U8-term expansion of the geomsgnetic field.

Calculations using l964-h5A§ and TelstarY-data resulted in slight
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changes inlﬁ 3 (less than 5 km relative to Injun 3 values), produc1ng
negllglble effects on the flux-altltude proflle.' We' selected the
Ingun 3 flux contour to analyze our data because of its overall
agreement.uith our flux measurements. The statlstical accuracy ofK

each flux point is nomlnally 5 ‘percent (SD) The line through the

4 .67+0.08
min -

- The standard deviations of the”data about the least squares fit is

= * 7.6 percent. This error.limits to 5-6 percent thepcumulative
errors incurred by'uncertainties in the satellite orientation, ephemeris
information, computation errorsvin hﬁin;-etc.;'as well as any changes
in the proton flux that we could'have observedvduring,the-solar minimum
period
The temporal behav1or of the 63 MeV omnldirectlonal flux between
September 1962 and November 1967 is presented 1n Flg 2. The fractlonal

deviations of the measured proton flux w1th respect to the least squares

a f1t to the data obtalned durlng the stable perlod (Fig l) are plotted

as a functlon of time. . The constancy of the omnidirectlonal flux )

during the interval between November 1962 and June 1966 is readily

‘ apparent. The two dashed lines indicate‘the 7.6 percent standard ‘

: dev1at10n of the p01nts about zero The fractional deviations of

the flux have been plotted for two ranges of altltude, 220 < h 5 ,< 375
km and 375 <_hmin < 455 ¥km. During‘the stable period the’scatter~of
the date in each’altitude range.is“essentially thevsame, indicative of
uniform-temporal stability;f" | | - |

Variations of the proton flux arée evident immediately before and:

_vafter the quiescent period. - The_high valuelof‘the'proton flux obtained
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from our first measurement in September 1962 is consistent with the
&observations of Filz and Holeman8 who detected an abrupt order of
magnitude increase in the low altitude proton flux following thé
Starfish nuclear detonation on July 9, 1962. By the time'df’our
first measurement, 8 weeks latér, the increased flux had‘decayed to
a fractional excess of 0.38 relétive to the subseqﬁént stable flux.

By November 1962, the flux transient was no longer evident in our data;
although, in retrospect, its decay may have masked the detection of
any natural flux variation through mid-1963. | |
Since mid—i966, signifiéant_decreaseé‘in ﬁhe prbfon flux have
been observed. The last several péints-in Fig. 2 indicgte a'progreééivév
. decrease in the proton flux, Qﬁich appears to haﬁe beguﬁ its departure'v
from temporal stability as early as mid-l965; Our latest measurement
obtained in November 1967 gives a fractional deviation of 0.55.
The diminution of thé protén flux was dnticipated and can be
attributed to solar cycle variations in the density of'thé uﬁpef

9

atmosphere.” " We have recently passed through the minimum solar acﬁive
périod, centered ébout mid?i96h, and are preseﬁtly on the upswing
towards solar maximum activity which.is expected,tovoccur about 1969._
The increased heating of the ﬁpper'atmosphere résulfs in the incféase

of the integréted atmospheric.density'traversed by the ﬁrapped radiation.
Hence the proton flux is anti-correlated with solar gycle activity.

A numerical computation of'the solar cycle chanéés of the protoﬂ flux

was performed by Blanchard and Hess? Their predictions of the fiux

variations_were,based on the assumption of the albedo neutron theory
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for,the source of protoné and on the Harris and Priestef mddel -
atmospherelo to calculate the iosses due to nuclear colliSions apd
ionization. The observed decrease in the proton flux since solar
minimum is qualitatively in agreeﬁent with Bianchard and Hess's
calculations. However, these calculatiohs appear to overestimate
solar cycle variations to the extent that by mid-1967 the observed
change in flux ié about 1/7 the predicted value.v‘This discrepancy is
not as Serious as it appears for‘the follbwing‘reaSOns: (l). The

_current solar cycle variation of the 10.7 cm flux,'F'(lO-gglw m=2¢ps'l),

differs from that.used in- the computations. (2) The empirically
COrfecfed Harris end Priester model pafameter; S, can bé used to give,'
a better description of the atmosphere as a function of gt 'Figure_3
illustrétes these differences. The éolid curve is the’éemi-anhugl' |
averageavf, for the year 1962 thrcugh 1967. ‘The line denoted by § is
the empirically.corrected Harris and Priester modél ﬁaramgter ﬁased
oﬁ'the observed F.  The dashed Curve, SBH,_is the Harris.ahd Priester
model farameter used by Blanchard and Hess based on the’ﬁrevidus éolar

cycle, taking S_. to be the same value as the 10.7 cm flux. The net

BH
effeét of introducing the cﬁrrent,s parameter into the Blanghardﬂgnd'Héss '
1calculation would be to reduce:the expected solar cyclé Variétibns, | |
Because the pfoton flux is approximatély inverselyvproportiohal fb the -

' atmoépheric depsities at low altitudés,va fough estimate of‘the reiati#e-
'bvchange in the proton fluxes can bé‘obfainéd by‘céhsidering the ratio
of atmoépheric'densities between 1964 énd 1967, The ratio Qf
atmospheric deﬁsifies.corresponding:to the changevin SBﬁ“betWEéh2196h

and 1967 is 0.075, which is to be. compared with the value of 0.42
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based on S of the present solar cycle. Hence it appears that the
observed and computed solar cycle variations in the proton flux can
be brought to much closer agreement by incorporating points (1) and (2)
mentibned above into the Blanchard and Hess calculation. '

Although greater flux &ariations can be anticipated, we conclude
thét the cﬁange we have seen already is consistent with solar cycle
changes in the upper atmosphere. Continted observations of temporal
variations will be necessary in order to undertake a more precise
comparisdn with theory. Such a pfogram is important to the understanding_
of the éource and loss mechanisms of energetic protons in tﬁe inner

belt.
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FIGURE CAPTIONS

Altitude dependence of therproton flux during the interval
between November 1962 and June 1966.v Plotted ére the
omnidirectional flux, j(63 MeV) MEV;lcm-aday-l, versus the
flux weighted average mirror point altitude'ﬁmin. The solid
line is a least squares power law:fit to the data.
Temporal behavior of the proton flux between September 1962 and
November 1967. Plotted are the fractional deviations
(7 - jc) /jc versus time at altitudes 220 < Hmin < 375 km and
375 <h <455 k. |
Plot of the semiannual average 10.7 em flux, F, in units of
10722 yatts m-2cps-l, versus time. Curve labeled S is the
corresponding atmospheric model parameter of Harris and Priester
(Ref. 9). Dashed curve denoted by S

BH

is the Harris and
Priester model parameter assumed by Blanchard and Hess (Ref. 7).

v
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