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. ABSTRACT

: Regults from a rocket—borhe ion mass spectrometef flown near the mag-
r;eti(: ‘equator,at 0108 LMT, March 10, 1970, exhibit an unusual background cur-
rent above 200 km. This current is observed to increase 3.5 orders of magnitude ‘
between 200 and 260 km before maximizing to a fixed value from 260 km to the
295 km apogeé of tﬁe .flight. Properties of the background combined with labora- -
tory measurements have permitted probable identification of the background

| S6u1fce as 2-20 kev electrons or protons. Maximum electron fluxes have heen
estimated to be of the order 10'° particles/cm?-sec-ster in accord with IS[S-1
satellite measurements at higher altitudes. The background was not observed
on an‘ earlier flight at 1938 LMT, suggesting the‘particles to be trapped in a belt
which drifted below 300 km between the two flights.. T.he Tow altitude penetration
_ of these fluxes may have been relatgd to the great _magﬁetic storm of Mﬁrch 8.
Sifn‘ultaneous ‘measufements of the thermal ion distribution are C6mpared with
these results and qualitatively suggest that the soft energetic particlés are re-

sponsible for an observed 02"' and NO* enhancement.
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ROCKET _OBSERVATION OF SOFT ENERGETIC

PARTICLES AT THE MAGNETIC EQUATOR

INTRODUCTION

Dux;ing the last decade, there have been occasional measurements in the E
_eﬁuatorial thermosphere suggesting the pr'esEnc;é of soft particle fluxes (low kev
‘range) at auroral infensities. As early as 1962, Savenko et al. (1963) estimated
fluxes of 5 x 107 .(cmz—séc-‘s‘ter)"l at 320 km for assumed 10 kev electrons |
using a satellite-borne phot'omuifiplier detector. Most recently, Heikkila (‘197 1)
" has reported similarly high fluxes' for electrons, and é factof of ten less fo_r
protohs, frém dﬁta ob;aained aboard the ISIS-1 satellite with electrostatic deflec-
" tion detectors. The results, obtained above 600 km under nighttime conditions, "
suggest the particles to be confined to a thermospheric éltitudg regibn _under

trapped conditions. ‘.

In this work, we present results from two nighttime rocket flights at the 'j
magnetic equator, which not only corroborate the satellite results from an
energy-flux point of view, but lend credence to the concept .pf a low altitude

“rapped" particle belt for soft energetic particles near the eﬁuator. Theée
results further map the profile for this belt when at altitudg:s l_)elow 300 km,

well below the range limited by a perigee of 574 km for the ISIS-1 satellite.

The two Nike-Tomahawk payloads were launched from Thumba,'lndia at
-1.7° dip {calculated from Staslsinopoﬁlos and Mead, 1972) on the riigh_t of March
- 9-10, 1970, at 1938 LMT (NASA 18.97) and 0108 LMT (NASA 18.98). Each pay- .
load ca.rri.ed a-q_uadrupole ion mass spectrometer to an apogee near 300 km.

Further details of the instrumentation and launqh characteristics are described



in Goldberg et al. (1974). The results reported here represent the interpfetation
of a background current which occurred in the data of the 18.98 spectrometer,

but was absent from that of the earlier flight.

FLIGHT DATA

Figure 1 illustrates three ion mass spectra obtained aboard flight 18.98 at
mean altitudes of 197, 233, and 291 km. Thermal ions were attracted with an
external biag of ~10v. The spectrometer output passed through an ITT #FWI141
multiplier with an estimated gain of approximately 2 X 103, pricjr to detection
by a nearly logarithmic type electrometer. Each volt thereby represents one
decade of sensitivity for the instrument. The individual peaks labelled 16+, 23'1.",
24% 28", 30* and 32" are the ambient thermal ions OF, Na¥, Mg™, N, NO¥, and
02"', regpectively. The constituent 18% is IIQO+, identified as a contaminant for
reasons discussed in Goldberg and Blumle (1970). The quantity 1" is not H*,
but probably represents !oakage from all constituents through the instrument
under conditions of very weak internal electric fields. The two ledges labelled
1 - oo and 32 - oo are the cumulative currents for all ions within the designated
ranges, measured while operating the instrument under high pass filter mode

conditions.

The evidence for soft energetic electron or proton fluxes is contained in
the background current for each spectrum. At 197 km, the background current
is close to zero and flat. By 233 km altitude, the background has developed a
slope showing a peak value of nearly two volts at the low mass (voltage) end of
the spectrometer sweep. By 291 km, the peak background current has risen

another 1.5 decades, while still exhibiting negative slope with inereasing sweep



voltage. Here, the 30" and 32" peaks are nearly masked by the excessive

background current.

This effect is further studied in Figure 2, where upleg and downleg profiles
are presented representi'ﬁg' the peak back'ground current measured for each
spectrum. This current has .b'een converted to particle flux making use of the
insf:rumental geometric factor for straighi tline paths (4.8 x 10°% cm?-ster}, _én
estimate of the multiplication factor {2 x 10 5),.and the assumption of 100% effi-~

ciency. A reduced yield would naturally lead to even larger flux values than

' . those illustrated. The more likely possibility exists that the multiplier gain

might have been as much as a factor of ten highe'r than normal, this deduced
from an abnormally high sensitivity for the thermal ion data obtained on this

flight. If so, the estimated flux values in Figure 2 represent an upper limit.

The 'downleg-data exhibit a reduéed value above- 2sz 1-cm which may be cé.us ed
by any of several factors; Figure 3 iliustrates the trajectory parameters de-
. noting differehces in horizontal range, time, and magnetic dip befween up and .
ddwnlég portions of the flight. Thus, at 260 km, range difference is 30 km, timé
difference is 175 s, ahd dip has changed 0.55°. Any or all of these factérs could
'affec‘t. the hardness and intensity of the soft particle distribution present, as dis-
cussed by Heikkila (1971) for the ISIS-1 data. The residﬁal background flux ob-
served below 200 km on the downleg pdrfioﬁ of the flight may not'be real, and in
any évent fépresents valueé of a;;prbximé.tely 0.1-0.2 volts, near the lower hmlt |

of sensitivity for the electrometer.

Thé payload coning'anglé was =4°, and passed through the field line perpen-

dicular in such a mannef to permmit observation of the pitch angle distribution to



6° from the field line normal. Inspection of Figure 2 shows little, if any, coning
structure although the aperture half angle was only 1°. Hence, we have an ap-
parent isotropic distribution within 6° of the field line perpendicular, requiring |
the particle distribution to contain a velocity component parallel to the field line
direction. J. D. Winningham (private communication) has recently established
a flow parallel and downward along the field lines from ISIS-1 data, in concur-

rence with this result.

The possibility that the obsgrved background effects might have been caused
by instrumental factors was considered in detail and discarded. The similarity
between up and downleg portions of the flight, lack of parallelism with the ther-
mal plasma distribution {as evidenced by independent electron and ion density
experiments), and difficulty in deseribing an instrumental malfunction capahle
of producing the shape and nature of the measured distribution, all support the
conclusion that the origin of the observed background is indeed external. The
next section describes a series of laboratory experiments designed to substan-

tiate this ¢onclusion.

LINEAR ACCELERAT(OR STUDIES

It appears that the negative slope for the spectrometer background current
might be induced by increased deflection of energetic particle trajectories from
straight line paths at the larger operating internal fields, as represented by the
ac sweep curve in Figure 1. A larger field would increase the low energy cut-
off for particle transmission, hence reducing the particle flux reaching the de-
tector. To test this hypothesis, and to determine what type of particle distribu-

tion could be responsible for inducing the effects observed in flight, a similar



spectrometer was bombarded with a sequence of monoenergetic particle beams
- generated by a'linear accelerator under laboratory conditions. Both electron

and proton beams were studied during this experiment.

Electrons were studied between 2 and 40 kev. The 2 kev lower boundary
represents a value Just above the multiplier retardmg poiential. At most
] ‘energies studied, the intensity of the beam was varied over several orders of
magnitude to establish the effect of flux intensity on distribution shape. Protons
were studied between 0.6 and 40 kev but could_ not be‘lenalyzed ras a fuhction of
‘beam intensity. | The accelerator proton‘efniesion fluxes \#ere mucﬁ IOIWEI‘ than

_for electrons and could only be used to determine an energy dependehce.

The resulis of- the above st‘udies establisﬁed tﬁat both electrens and pretens
_in the 2 to 20 kev range could mduce backgr ounds of the nature observed The -
results are illustrated and summarized in Flgure 4a. Here we deflne Im ag the
background current near mass 1 amu and 5, as the current near mass 32 amu.
The ratio 1,,/I5,, is thus a crude measurement of the backgfound slope and
provides information eoncerning the energy (for 'monoenerget.ic particles) o.f ‘

~hardness {for a spectral distribution).

The electron and proton data beth elearly define a sl_ope or cur#ature in the
beckground, which i,ncreasee with decr"easing energy. Limits on the electron
data shew ranges obtained for di_fferent"iﬁtensitiee and suggest the ratio (and

rhence hardness) to be independent of beam intensity. The 10West point (2 kev)
has riet beeh included in the estimate_'d cu‘r‘v‘e b‘eceuse of losses thought to be in--
.duced bSr the fnultiplier retarding potential in the Spectroﬁeter system. The
range bars are absent in the proton data because of tﬁe inability to produce pro- .

ton beams at multiple intensities.



Both types of particles cause a background slope effect below 20 kev: The
proton data clearly show a larger background slope when compared to electron
data at equivalent energy. Hence, a higher ratio implies more protons and/or

a softer spectrum.

If the approximate calibration established in Figure 4a is applied to the
rocket data of 18.98, we then obtain the up and downleg energy profiles shown
in Figure 4b, assuming either a pure distribution of protons or electrons. The
energy distribution, whether representing electrons ahd/ or protons, is clearly
harder and more intense (Figure 2) during the upleg portion of the flight. This
is apparent in spite of the probability that the low altitude data is in error be-.
cause of possible alternate contributions (such as photons) to the background

near the instrumental sensitivity limit.

Finally, we note that the linear accelerator data could not be used to cali-
brate and determine the flux intensity of the measured distribution during flight.
Loss factors in the linear accelerator experiment were estimated to be between
107 and 10°, caused by spectrometer misalignment and non-homogeny of the
beam. Furthermore, the laboratory produced parallel beam was not typical of
the isotropy deduced for the measured distribution during flight from the mini-

mal coning effect.

RESULTS AND DISCUSSION

The night of March 9-10, 1974, was partially disturbed magnetically with
Kp ranging between 4 and 6. This permitted ionogram analysis without range
spread F masking (Chandra and Rastogi, 1972) and hence, determination of the

vertical drift profile for the thermal F region distribution (Golclbef g et al., 1974).



‘The F 'layer'was found to have descended approximately 250 km between rocket

flights 18.97 and 18.98.

If we assume that soft energetic oarticles are respons‘we to similar drift
motions under trspped or Semitrspped cortditioes then we can account for the
’absence of background current (particles) durmg the fu-st fhght The partlcle 7
belt sn:nply d1d not penetrate to the apogee of 298 km The second. measurement
. occurred following downward drift, after Whlch the 1ower hmlt of the belt ex-

" tended to approximatelf 200 km. 'I‘,he'larg.v_e fluxes celoulated in Figore 2 a_nd
_the low s.ltitode penetration' for t_he parti.cle belt ‘m‘ay be 'related to effects indue'ed
-_by the extremely large m,aghetic storm of March 8, during which _Kp‘reached o

. values as large as 9 and Ap reached 149.

_There is some evidenee that the low.' altitude lim'_it forparti_ole_ _penetration,
e1ay he defined by interaction with the eeutral atmosphere. Figure 5a portrays
“the sharp cutoff of these particles betweeri 250 and 200 . km for the upleg portton
-or flight 18.98. Figure 5b then compares the thermal ion distributions for 0,"
‘and NOF as measured on each rocket, .Note here that the individual species have
- been displaced in the plottmg procedure for clarlty, the 18.98 O2 profile above
240 km actually overlaps the NO"' distr1but10ns in this regmn Finally, the total
thermal plasma densﬂ:y N, as‘measured 'Wlth a contmuous wave dispersive
D0ppler technique, is dlsplayed in Figure 5c to- demonstrate the przmary effect
of drift on this dlstrlbutwn It shows that above 220 km, O, and NO become
mmor constltuents sub]ect to an exponentlal cleeay related to the diffusive equi-
:_ librium structure of therneutrei at:ttlosphere. The total ioo structure s.nd theo- |

retical considerations are detailed in Goldberg et al. (1974).



Above 250 km and below 200 km, the O ;" and NO™ distributions can b& inter-
preted from drift and photochemical considerations. However, from 200 to
250 km the 103 cm™? bulige in these distriﬁutions, produced between rockei;
flights and especially apparent in NOT, is difficult to explain unless an additional
production source occurred within this region. Qualitatively, it appears that the
soft energetic particle layer could be such a source, with the lower boundary
defined by atmospheric interaction and absorption. This possibility exists be-

cause of the trapped nature of the particle motion.

SUMMARY AND CONCLUSIONS

Evidence for a soft energetic particle distribution at the magnetic equator
has been presented and defined from rocket-borne data. This information was
retrieved from background data recorded by a multiplier detector aiter {iltering
by a quadrupole ion mass spectrometer. The interpretation of flight data was
verified by laboratory controlled experiments on a similar instrument, where it
was shown that 2 to 20 kev electrons and protons would produce background

structure of the type observed during flight.

Comparlison of data with those of an earlier rocket flight, and with vertical
drift structur'e determined by ionogram analysis, suggesgts the soft energetic
particle belt to be trapped and under the influence of the same drift inducing
forces governing transport of the thermal ionosphere. There is some gualita-
tive evidence that the soft energetic particles may enhance NO" and O, concen-

trations near 220 km, when drift penetration permits access to this region.

The presence of a trapped distribution for such particles near the magnetic

equator, with flux intensities approaching auroral levels, is not currently



explainable, Further experiments ‘are necessary to establish the true hature
and behavior of this distribution, and under what 6onditioﬂs it can achieve suf-
ficient atmospheric per\xetration‘to' iﬁfl_uence the nighttifne atmosphere and

ionosphere. )
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