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TOPICS IN SOLAR COSMIC RAY AND X-RAY PRODUCTION

Thomas L. Clined
NASA/Goddard Space Flight Center
Greenbelt, Maryland 20771, U.S.A.

This talk is concerned with topics related to energetic interplanetary
particle and X-ray production by the sun, It is based upon certain
observations of solar protons, electrons, end X-rays resulting from some
Goddard experiments using the IMP, OGC, and 0SO series of satellites.

Some of these measurements I was connected with and some I am transmitting
for others. Together, these observations help to provide a basic
phenomenology needed for the theorizing of an saccurate and complete
picture of particle acceleration at the sun.

The present results contrast to the solar particle dats available a
decade ago in that these were gathered using instruments with lower
energy sensitivity, which were flown outside the earth's atmosphere and
magnetosphere, and were exposed throughout much of the‘soiar cycle.

These data show that solar energetic particles are produced more often
than only in the larger flares and suggest that they are produced in more
than one manner. The first coherent and simple picture displaying

several of the observed varietieS~of solar cosmic ray events is shown in
Figure 1. The low-energy proton time history, recorded with McDonald's
instruments on Explorer XII, is composed of the September 28, 1961

solar flare increase, the September 30 "energetic storm particles," and,

on the following solar rotation, the 27-day delayed or recurrence event.(l)

This result, now ancient history, provided the first classification of

*Present address: NASA Headquarters, Washington, D. C. 20546, U.S.A.
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solar particle events. The categorization was made upon the way the
particles are transported from the sun to the earth: In order, in a
manner determined by particle veloclity, in a manner determined by the
motion of the enhanced solar plasma, and in a manner determined by the
rotation of the sun. The time scales for intensity maximum are
accordingly hours,'days, and weeks after the flare. This classification
scheme has been somewhat redefined over the intervening years in that
each category of events may be extended to include more than one type;
for example, flare events may or may not be diffusive, 27-day events can
be recurrent from sites of earlier flares or can be of a quiet-time,
corotation variety, and the picture of storm particle events also can be
confused, as we shall note later. Also, such questions as interplanetary
conditions and relative detector solar longitude can make the unique
classification of a given event ambiguous, or at least arguable.

The nature of the primary solar flare particle event at its source
is itself one of the most fundamental and yet presenély unsetﬁled
questions., Figure 2, also from our studies of the same events of
September 1961, shows the intensity histories of the initial flare
event, as studied with differential spectral resolution over the dymamic
range of observation from just above 1 MeV to nearly 1 BeV. For nearly
these three orders of magnitude of proton kinetic energy, all the plots
of particle intensity versus path length are seen to fit a common curve.
Further, this common distribution is not an arbitrary or forced fit to
the data, but results from the conversions of the time histories of each

group since the flare time, I(tj-to), to path length distributions,
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I(xi), using the average velocity of each differential group = iaie each
appropriate conversion. The first inlerpretation inferred from this f
result 1s that all energy populations btravel a plven path lonpth (bofore
propagating to 1 a.u. radial distance) with tho same probablility, so that
the scattering has a velocity indopendent mean freelpath. In additlon,
these curves also happen to be fits to the simple diffusion equation
through the region of meximum intensity, as one can separately verify by
plotting 1n(I+t1*%) against (-t~1+), Another direct result is that all
onsets are considerably delayed, characterized by a path length which is
several times greater than the direct distance from the sun to thé earth,
and accompanied by a most probable path length which is an order of

magnitude greater than that distance., One therefore infers that elither

there is a remarkable interplanetary diffusion or that there is considerable
storage of the particles near the sun. Yet another inference results ffom
noting that since all the curves have the same shape, & scaling normali-
zation (such as that at peak intensity, or the total count rates repre-
senting the areas under the curves) can be used to provide an absolule
differential spectrum of this particular event. It is, of course,

tempting to identify this absolute spectrum with the source spectrum at

the point of release, The question of the validity of this identification
is not at present resolved, because of the question of the apparent
velocity independent propagation, as compared with the strong velocity

and rigidity dependence of the modulation of galactic cosmlc rays of

similar energies by the solar environment. Finally, it is interesting

to note that the absolute spectrum is perfectly represented over a wide




dynamic range by a power law in kinetic energy, as shown in I'lgure 3,
which also includes an additionnl example of such an evenbt in 1962,
Related quesllons, such as the nature of the propagation medlum and the
locations of the trapping region, of the point of release of the
accelerated particlos, and of lLhe deloctor location relative to the solar
longitude of the event, all have to do with the interpretation of the
absolute spectrum as the source spectrum. For example, the

November 10, 1961 event, shown in Figure 4, has by contrast propaga-
tion curves that differ as a function of energy or velocily over a more

(2)

limited dynamic range. This one was from a 90°W flare, whercas the
prototype came from one at 30°E., Thus, either this longitude difference,
or perhaps the conditions existing in the near-solar or interplanetary
environments may have caused the failure of this event to conform to a
unique 'path length distribution. Perfect velocity indecpendence is clearly
not always found.

The other categories of events include the storm particle events,; which
occur with much steeper spectra,'being composed of mostly low-energy
protons detected at a few MeV.(B) Such events occur in coincidence with
geomagnetic diﬁturbénces and Fortish decreases of high-egergy cosmic rays;
they have essentially no velocity dispersion. Their properties may be
more related to intarplanetgry parameters than to original conditions at
the sun.

Events of the third category, namely, the recurrent events, were

first found to originate directly after flares with the September 1961

sequence previously shown, and with another such sequence in later~1961;(4)



Later on, similar corotation events were found to be present, butl

without any identification to pnrent flares. Tigure 5 shows a series

of 27-day repeating events which persisted not only throughout mid-1963,
during the lifetime of the Explorer XIV insbrumentation(5>, but continued
until at loasl Junuary 28, 1964»(6) Thore was no obvious way to connect
this series to visible-disk flares, but, of course, considering the
occasional rejuvenizatlon, one might spoculate about activity on the

back of the sun. DBoth tho [Mlare correlaled rocurrence events and the
long-lived series of [lare-independent ovenls are accompanied by recurrent
FForbush decreases and geomagnetic activity. All such evenls are
characterized by the lack of velocity dispersion and by exponential
energy spectra, such as those shown in Figure 6, in contrast to the power
law spectra which can c¢haracterize direct flare events,

With the onset of new solar activity following 1964, low-eneryy proton
increases became more frequent and less obviously well ordered in their
times of occurrence than was evidenced by the first, elegantly simple
series. As solar maximum is approached, as shown in Figure 7, a large

(5)

number of medium energy proton events appear, At low energy, the
frequency of proton (and of electron) events increases to the point that
minimizes the existence of any genuinely quiet times, as is evident in
Figure 8.(6) Even in the quietest available periods, when the low-
energy intensity is at a minimum, the interplanetary differential proton
spectrum contains a separate component in the <20 MeV region. J. Kinsey

in his doctoral thesis investigated the possible galactic origin of this

low-energy component.(7) He studied 4-day averages of the 4 1o 80 MeV




proton spectra during the interval May 1967 to August 1968 with the
working assumption thal, each spectrum in this interval is composed
of two power Jaws. All his results are conslslont with the picture
of a low-energy componont of varying intensity (decreasing with increasing
enerty) and of aolar origin, connecting Lo an approximalely consblant
higher-energy galactic component (increasing wilh increasing onergy).
The minimum or valley in any observed spectrum is merely a function of
the solar component intensity at the time of observation.(s) The
conclusion is, therefore, that, during this part of the solar cycle at
least, the sun must be viewed as a continuous source of few-MeV protons.
—117 -ghe phenomenology of the frequently occurring low-energy proton events
at times nearer the solar cycle maximum bears further examination,
Throughout several years, the intensities of interplanetary f{lare events
are found to vary over a wide range of magnitude, but all those related |
to flares account for only a fraction of the total number of events at
low energies. Corotation events are found in abundance, and the tempta-
tion to associate many of lhese with active centers on the sun found
some success, first with the events detected with Simpson's Pioneer
experiments<9), and later with the studies of IMP resultls by Kinsey.(7)
Figure 9 shows his association of events with central meridian passage
of calcium plage regions, in which the regions are numbered and, if
recurring, connected horizontally. It is appropriate to comment that a
two-stage acceleration mechanism, approximately as postulated by
SchatzmanggjLas suggested kaf%fhtel and McDonaid és accounting for the

phenomenology of these events: A somewhat steady-state storage over
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weeks or months of low energy, few-MaV protons occurs above an active
center, followed by a second stage of energy increase in the [lare
releaso. A veriflicalion of this pleture, such as the observation of a
charge compositlon in corotation events similar to that in flare events,
has not boon accomplinhed, Anobher posaibility 1o that a preliminary
particle accoloratlion much closer to the Lime of a {lare may occur;
that 1s, partlcles may underpo an initial increaso in onerpy and Lhen
remain stored for a few hours prilor to the final acceleration at the flare
time, The March 24, 1966 and January 28, 1967 events, shown in Figure 10,
hint at, this possibility, each having a precursor of soft protons for a
few hours before the main event. The March 24 flare took place on the
visible disk and was accompanied, after the precursor, by a hard

(»180 keV) X-ray event observed with the OGO-I.(12>

The January event
had X-ray coverage from 0GO-III only for a limited time which should have
been sufficient to include the X~ray burst time, except that the event is,
however, assumed to be from a back-side flare. It is accompanied by a
considerably lengthy precursor, and may therefore be quite similar to the
March event. It is possible, of course, that these data do not necessarily
require the existence of a multi-stage acceleration, but may result simply
from the occurrences of small and large eVents in rapid, independent
sequence.

The phenomenology of SOiar particle events can be continuci with the
following mention of results concerning solar electron events. The

first solar-flare electrons of relativistic energies observed directly -

in interplanetary space were those from the July 7, 1966 event. Their

EIEN




time history is shown in Flipure lla, comparcd with those of several
groups of medium-cnergy protons. The considerably ocarlier onsael of the
eleclrons, some Lwo hours befoure the prolong, ls evidont., "Thone
glectron and proton data are shown in Fipure 11b, having been converted
to path lenpth diubribubiuna.(lz) A11 the curves have a common fib,
similar to the case for lhose of the Septembor 28, 1961 provolype.

Again, the conversion is determined by the zero of time, which was set,

to allow for travel time, at 500 seconds before the X~ray burst time.

The remarkable, additional fact here is that 3-MeV electrons have even
much lower rigidities than did the lowest energy protons observed in
previous events which were found to conform to velocity independence of
path length distributions, The propagation is the same [or these few-MV
rigidity electrons as for energetic protons, indlcating that the trapping,
storage and escape parameters are each rigidity and energy indopendent
over several decades. As Anderson and Lin have shown, this univeraality

(

finally breaks down for the 40-keV electrons. 14) ‘Aiso, as shown in
Figure 12, the propagation curve for the electrons fits lhe standard
diffusion curve through maximum intensity, as evidenced by the direct
proportionality between 1n(Itl'5) and (-tnl') which continues until late
in the event., The diffusive nature of the severai—MeV electron events,
like that of high-energy proton events, appears to be often the case;
several examples of such events are shown in PFigure 13. Here, four
series of tests for diffusion (for the e?ents of July 7 and‘September 14,
1966, and February 27 and March 11, 1967) are plotted, in which the zero

of time is varied by 500 saconds from plaﬁ to plot. In each of the

F




four cases, the best linear fit is empirically found to ocecur at the
time which happens to match the time, at the sun, of microwave and/or
hard X-ray intenslity maximum., One possible Inference iu Lherefore that
the intorplanetary elechron population 1 a direct sample of Lhe
oloclron populablon which causes Lho mierownve nand hard X-rny bursl,
boing simullaneously Injocbed inbo the diffusive medium,  Olhoer inferences
have hoen made usling the duhdﬁfrom the July 7, 19066 event: firsi, the
total number of interplanetary relativistic electrons is far greater
than the total number of interplenetary relativistic protons emitted, as
estimated either from using the intercepts on diffusion plots, or simply
from the differential intensities observed. Correspondingly, it was a
very intense event in both microwaves and in hard X-rays. Also, the
total number of electrons detected allows for some estimate of the total
number' emitted into interplanetary space; comparlson with estimales of
the eleoctron population at the flare site inferred from the X-ray data
indicate thal the eleclron population released into interplanelary space
is a wmall fraction, perhaps a few percent, of the electron population

(13,15)

responsible for the hard X-rays. Studies of the electron to
proton ratio in solar events as a funcbion of velocity or energy have not
yet been systematically carried out, but may évenLUally indicate a
correlation to the X-ray characteristics.

The subject of the other categories of electron events can be intro-
duced by the plot, shown in Figure 14, of the relativistic electron d&zly

intensities from autumn 1963 to spring 1969, with a one-year gap from

mid-1964 to m1d-1965i(16) The flare events, marked with dark bars, ”\




10
are typically off scale, and we are left with Lhe remaining maze of quict
Lime acelivily perhapy wnalopous to the low energy proton picture, A
plot ol Lho same data, bul with Lhe larger [larc evenls removed and the
remaining dally averages smoothed by four-day running averages, is shown ;'
in Pigure 15, A variely of time variatiens, including such features as - |
the 27-day corotation events in late 1967, is brought out., "The question
similar to that asked in the Kinsey investigution of low enerpy protons .
is, of course, thalt of the possible solar origin of all. these electrons.
ne difference bebween this situation for the electrons and that investi-
gated for the prolons 1o that thers appears to bo an envelope of minimum
slectron intensity which is constant, to within bettar than a lactor of
two, over all five years, Civen the fact thal all of the quiet-iime
intensity increases have the same differential energy index as the minimum
or background envelope, which is only -2 to -3 (and definitaly not the
same as either the flare index, which is -4 to -5, or the storm electron
event index, which is steeper) one infers that the quiet-time increases
are most simply assumed to have the same origin as the quiet-Lime minimum
envelope.  The question of the origin of this interplanetary background

IWS:D can be defsrred with an inquiry into the phenomenology of these many | ~f,
increas¢s. In general, it is found that the picture of the shock or storm
events which frequently occur at much lower energLes, for example,

240 keV, 1s quite dlfferent(l7 18), but those events are generally too

steep to bs observed at several MeV. The quiet-time.MeV increases are

much flatter in spectral slope, as stated above, and do tend to display
interesting

‘anaintensity pattern. Figv.e 16 shows a portion of the same data again,
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in which some of the more obvious quiet-timo oleclron increases are
indicated with the shaded bars, During otlhor periods of Llime, Lhe
decrecages or inlensllby minima are more obvious in appoarwsnce, and nre
marked wllh downwards arrows. In PFlpure 1/, the low enerpy, several-MoV,
proton history for about a year ls shown(]é), In which the elaclron
intensity maxima, shown by the shaded bars, appear to be at the btimes
of proton intensity minima, and the electron intensity minima, shown by
the downwards arrows, occur at various proton intensity maxima. This
property of quiet-time electron intensity increases (anticorrelated or
at least out of phase with the low-enerpy proton inlensily increases)
was first noticed with our 27-day spaced IMP-I series(19>, but at that
time could only be dismissed as one randomly phased recurrence series.
It now appears, as we get halfway into the solar cycle, that this anti-
correlation is a fundamental, or at leasl a very persistent, propertj of
the quiet-time interplanetary electron population. It is as ‘lhough the
- sun emitted low rigidity electrons and protons in bedms 180 degrees
apart. Of course, the effect may, instead, have to do with the solar
modulation of galactic electrons. Perhaps this effect is analogous to
the early picture of the earth's trapped radiation, which seemed to be
composed of two zones, the inner, proton, and the outer, electron,
which picture eventually was resolved as one continuous physical dis-
tribution. We have yet to scrutinize the array of daté necessary to
resolve the corresponding total picture of quiet-time interplahetary

electrons.
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Another quite different topic in particle production is the interest-
ing flare~time event series of July 1968, This series of electron and
proton events has features which preclude its easy categorization and
have brought forth some novel interpretations, TFigure 18 shows the
histories of 1l to 100-MeV protons, and 300 to 900-kaV electrons during
the period of July 6 to 16, 1968.<20> Ilare electrons and protons
followed the X-ray burst on July 6, but there was no new particle increase
following a second X-ray burst on July 8. Iollowing and possibly
associated with one small flare event on the 9th and two on the 12th of
July, there were again particle increases, but it is the increase on the
13th that causes the controversy. Simnett has conjectured that the
electron event of the 13th was due to a disturbance (possibly related
to the flare of 1341 UT on the 12th) which triggered the release of
particles which had been stored near the sun since the intense microwave
and X-ray events of the 6th or gth. (20,21)  hig picture is consistent with
the following: (a) the two events which took place after July 8 were
below the limit of X-ray detectability as shown in Figure 19 (except
that the one of 1341 UT on the 12th had no hard X-ray coverage); (b) the
microwave spectra for these three events are also less intense than for
those of the 6th and 8th; and (c¢) the two events on the 12th have radio
spectra which, unlike microwave bursts, increase towards the lower
frequencies. All these results are consistent with a minimum likelihood

of the association of the events of July 9 to 12 with electron

 acceleration. Contradicting this picture of storage for at least five

days is the interpretation that the event starting near noon on the 12th
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is a new [lare event, and that the event of noon on the 13th is a shock

(21) This picture is also consistent with

or storm particle event.
the appearance of a geomagnetic disturbance on July 13.

The next topic to be briefly mentioned is that of elementary particle
production in flares. The possibilities of meson (and consequently
positron) and of neutron' production in flares have been discussed by a
nunber of authors, in particular, Ramafy and Lingenfeltor.(22> To date
no experiments have had the sensitivity to detect directly interplanetary
populations of subh flare particles, or to oblain indirect evidence of
their production at the sun., Three such searches I have made can be
quickly outlined. TFirst, instruments sensitive to interplanetary positrons
of a few hundred keV to 2 MeV were flown on two OGO satellites. The
detection efficiency of each was low, due to the probability of observing
the converted annihilation quante in the coincident gamma-ray spectrometers.
Electron events, such as that of July 7, 1966, have been examined, and
upper limits to the positron to electron ratio in the &1-MeV population
have been set at a few percent.(lz) ‘This result is not sufficiently
restrictive to make possible the adoption or elimination of a relevant the-
oretical model of elementary particle production. Second, the X-ray
spectrum of flare bursts such as the samevJuly 7, 1966 event observed
with the same instrument on 0GO-I1I, shown in Figure 20, were examined
for the existence of the 0.51-MeV line.(24) The periods following the
X-ray bursts were also examined for the annlhllatlon quanta of posntrons

whnch take considerably delay in coming to rest in the solar atmosphere.

A1l these searches have all been fruitless and result in 51mllarly weak
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upper limits on the positron production intensities in flares. Most
probably, cryogenically-cooled, low-background gamma-ray delectors will
be necessary to resolve tLhe 0.51-MeV line In such oventa. Third, a
charpgoed particle detector flown on 0GO-V incorporating the dW versus
Ii Lechnique was used to look for solar flare neutrons. Downwards
travelling protons and electrons which stop in the detector ware separated
from knock-on protons created by neutrons within the material of the
detector by examination of the coincident energy loss and residual energy
deposited by each particle. This technique was used to search for flare
neutrons between the time of the X-ray burst and the time of arrival of
the solar protons for several large events during late 1968 and early
1969. This may have been the highest sensitivity solar neutron search,
since both the predicted times of arrival of neutrons and ihe predicted
range ‘of knock-on proton energy for the maximum neutron intensity were
matched in this interplanetary study. Nevertheless, no evidence for
any additional éounting rate over cosmic-ray backgfound was found, that
is, no increase above the several background coﬁnts per hour.(lz) The
absolute upper 1imits on neutron production have not yet been published
for these’events.

The last topic I wish to outline is that of energetic solar X-rays’
related to the electron and prbton flare events such as thése discussed
here. Over the laest decade, a number of observers have been able to
study the energétic X-ray emissions from large solar flares. In
addition, the studies of the radio emissions at the flare times have

been more sophisticated, and detailed comparisons have recently become
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possible., Iigure 21 shows the dynamic radio spectrum of the July 7, 1966
event, in which the frequency is plotted vertically and the time hori-
zontally.(zs) The flux density is indicated by the darkness of the
shading. Microwave emissions have peaks early in the event at 0027 and
at 0029, and again, at maximum intensity, at 0037 UT. The lower

frequency emissions are at maximum intensity an hour or so later. In

Figure 22, the very high frequency microwave flux density is plotted versus

Yime, mns are the intensity of X-rays of enerpy above 80 keV, observed
with OGO-III.(zé) The timilarity in time profiles is clearly scen. The
integral spectrum, proviously shown in IMigure 22, indicates a nonthermal,
or at least non-isothermal, nature, Such energetic events as this have
become quite common in the recent years covering the first half of the
present solar cycle; at the'high energies near several hundred keV the
events'generally’have one intense peak, with a 1/e fall time of approxi-
mately one minute. As has been known in general for some time, and

(27)

recently described in detail by Kane , the X-ray time histories, like
the microwave bursts, generally have the briqfest duration at the highest
energies, peaking prior to the maximum of the slower buildup at the

lower energies. Figure 23 shows the soft and hard X-rays from the

August 28, 1966 event. It confirms this general picture, indicating a
short burst at an early time for the >80-keV component and a later, broad

maximum several orders of magnitude above the detector background for

the soft, few-keV component before the arrival of the charged particles.

(Please note the fact that the 0GO-III satellite was spinning when these -

data were recorded, causing a periodic time variation in the recorded
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X-ray intensity; the smooth source time profile is, of course, [ormed
by the maximum-intensity envelope of this curve, and any finer time
variations are lost.) In contrast to single-peak X-ray eventLs such as
the July 7 and August 28, 1966 flare bursts, we examine in Iipure 24
the soft X-ray component of the Muy 23, 1907 flaro nvant.(lm Three
independent bursts are seen at approximately one hour intervals. The
first of these three is too weak to have an observable component at the
high energies, but the second two are essentially as lInlense above 80 keV
as were the July and August events discussod above. Tipure 25 shows
the »80 keV time histories of these two bursts; again the periodicity
of the data is due to the roll modulation of the detector. 1In spite of
the resulting poor time resolution, the complex behavior of the second
hard X-ray event is seen. Noticeable also is the fact that thes second
event is' spectrally harder, because the amplitude of the roll modulation
is not as great. These time variations are yet to be fully understood.

More recently, improved time resolution, achieved with Frost's
instruments on the 0S0 spacecraft, has made possible new advances in-
X-ray studies., TFigure 26 shows the March 1, 1969 event, in which
extremely fast variations of only a few seconds risé’or faii time are
seen., Also_claar is the ﬁéhal high energy peak, typically in advance of
thevslower, lowef energy‘maximum.” These fast; quasipé?iodic fluctuations
in £he onset of the event have been suggested by Frost As being due to
the repetitive production of monoenergetic electrons by ”
instabilities in the magnetic field during the initial stage of the
(28) ‘ ,

flare. Some very recent results of his form an extremely interesting
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contrast to the general features of the X-ray bursts as previously
understood. Figure 27 shows an event with the following new and unusual
feature: tho slower and more delayed inlensity maximum is that of the
harder or more energetic X-ray component, not the less onergeotic,
llere the fast, initial burst is dominant at medium energics but the
energies of the slow component are much higher, namely, several
hundred keV.(30)  Frost and Dennis suggest that this result provides
evidence for a rapid, two-stage particle acceleration process, in which
the first burst is considered to be bremsstrahlung from electrons
accelerated to perhaps 100 keV by such a process as an induced electric
field; the second represents radiation from the following stage in which
the electrons are Fermi-accelerated tc higher energies, possibly by
an advancing shock front. This X-ray event profile may not be unique,
but may be simply a member of a continuous distribution of event profiles,
including single and compound peaks, such £hat the harder burst can be
either the first or the second in the cése of the double peaked events,
and such that the importance of two-stage acceleration varies from
event to event. Such a view of X-ray flare events lends some credibility

to a single all-compassing picture of two-stage acceleration.
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GURE CAPTIONS

Interplanetary particle event series, indicating three types of
events,

Path length distributions for the September 28, 1961 event.
Absolute differential spectra of two flare events,

Path length distributions for the November 10, 1961 event.
Long-lived interplanetary event series.

Differential energy spectra of recurrent events,.

History of the intensity of medium energy interplanetary protons.
Histories of low energy protons and of low energy electrons.
Correlation study of proton events with plage regions.

Proton flare events possessing precursors,

Intensity histories and path length distributions of flare particles
from the July 7, 1966 event.

Test for diffusion compatibility for the July 7, 1966 el.ectrons.
Phenomenological determinations of the t, of four diffusive events.

History of the daily intensity of relativistic interplanetary
electrons,

Four-day running average study of the electron history of Figure 14.
Low energy proton history indicating electron maxima (bars) and
selected proton maxima (arrows).

electron
Low energy history indicating the same data as in Figure 16.

Time histories of very low energy electrons and medium energy
protons for the July 6 to 16, 1968 event series.

Hard X-ray events or their absence for the flare events of the
July 6 to 16, 1968 series.

Integral X-ray spectrum of the July 7, 1966 flare event.

Dynamic radio spectrum of the July 7, 1966 flare event.
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23,

Comparison of hard X-rays and microwaves for the July 7, 1966 event.

Time history of soft and of hard X-rays and charged {lare particles
for the August 28, 1966 event. :

Time history of soft X-rays for the May 23, 1967 event.
Time history of hard X-rays for the May 23, 1967 event,

Comparisons between X-ray and radio time historles for the
Merch 1, 1969 flare.

Time histcries cf flare X-rays for the March 30, 1969 event.
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