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PRELIMINARY WARNING CRITERTA FOR THE
SOLAR PARTICLE ALERT NETWORK

By Manuel D. Lopez, Anna Lou Bragg, and Jerry L. Modisette
INTRODUCTION

The Solar Particle Alert Network (SPAN) is being developed to pro-
vide the Apollo program with warnings of impending solar flare particle
events, including estimates of their severity, so that action can be taken
to reduce the radiation dose received by the astronauts. SPAN consists
of a network of solar radio and optical Ha telescopes located at ter-

minals of the Apollo world-wide communications and tracking network. The
telescopes are designed to observe phenomena associated with acceleration
of energetic solar particles. By operating 24 hours a day and being in-
tegrated with the Apollo Mission Control Center, information on these
pPhenomena can be rapidly transmitted to the flight director.

The objective of the warning criteria is to provide the means for
interpreting SPAN observations. The criteria should incorporate RF and

Ha data to determine if a particle event has occurred on the sun, if the

particles will reach the earth, and what the particle flux will be. The
analysis to develop the criteria was begun with certain preconceived
ideas, which are .summarized as follows:

1. Type IVy (micro-wave) RF bursts are a result of synchrotron
emission from electrons accelerated at the same time as the ions com-
Prising a solar flare particle event.

2. Although type IV u RF bursts are a positive indication of the
acceleration of solar flare particles, the particles may not reach the
earth either because of local trapping or because of the interplanetary
magnetic field configuration.

5. The transport e.nd/or trapping of solar particles is determined
by solar surface activity, either during or for a few days preceding the
acceleration of particles, for example, the transport of particles from
the sun to the earth is governed by the coronal and interplanetary mag-
netic fields, which in turn are carried out from the solar surface by
the solar wind.



With the above ideas in mind, the approach toward development of a
warning criteria has been to use RF data to determine if and how many
particles are accelerated at the sun, and then to use optical criteria
to aid in determining whether the particles will reach the earth. Ac-
cordingly, the two criteria are discussed separately.

WARNING CRITERTA BASED ON RF TYPE IV i BURSTS

The type IV y RF bursts are considered to be synchrotron emission
from electrons accelerated at the same time as the solar flare particles
(ref. 1). Since the same process can account for the acceleration of
both positive and negative particles, a quantitative correlation between
the synchrotron radiation intensity and the number of positive particles
eventually arriving at the earth would be expected. However, because of
the other independent parameters affecting the escape and transport of
the particles to the earth, such a correlation would have considerable
scatter.

Several studies have been made of the particle flux-RF intensity
correlations, including Webber (ref. 2), Fletcher et al (ref. 3), and
Shlanta (ref. 4). Webber's correlation of 10 000 Mc/sec burst inten-
sity with particle flux greater than 10 MeV is reproduced as fig. 1.
Fletcher and Shlanta used a stepped criteria rather than the continuous
rank correlation used by Webber, with similar results over a range of
frequencies.

In this investigation a rank correlation is made in the frequency
range covered by the SPAN telescopes (1420, 2695, and 4995 Mc/sec). It
was pointed out by Fletcher and Shlanta that it is important to use orig-
inal records rather than working with the onset time, duration, and peak
flux data usually given in solar data compilations such as the TAU quar-
terly. This was verified by our own early attempts to correlate inte-
grated RF intensities obtained by multiplying the pesk flux by the
duration. Therefore, Arthur E. Covington of the Ottawa Observatory of
the Canadian National Research Council, and Dr. Haruo Tanaka of the
University of Nagoya were approached regarding the use of their original
records, to which they kindly consented.

An extensive event-by-event analysis was performed on the Obttawa
data at 2800 Mc/sec. The 2800 Mc/sec data was initially surveyed to ob-

tain all bursts having an integrated intensity of more than lO_:L8 joules

-m (c/s)_l as determined by multiplication of peak flux by duration.



There were over 200 such bursts. The first problem was to determine
which of these bursts were probably associated with the acceleration of
solar flare particles. In a compilation by Jonah, Prince, and Hedeman
(ref. 5) of solar and berrestrial phenomena, various observers recorded

a total of 38 PCA events having onset times such that Ottawa could have
observed an associated RF burst. Thirty-five of these events had asso-
cilated RF bursts which were cbserved by Ottawa and one (Wovember 20, 1960)
was eliminated for reasons to be stated later. Of the two particle events
with no associated RF bursts, one (August 29, 1959) had its associated
flare l% hours before sunrise at Ottawa, the other (November 4, 1957)

was a small event with no logical RF or flare association. All of the

35 RF bursts with associated particle events had integrated RF inten-

sities of at least 107+7 joules - a? - (c/s)‘l. It was, therefore,

assumed that RF bursts having less energy either were not associated

with particle acceleration, or that there were so few particles as to
elude detection even if they reached the earth. These smaller bursts
were dismissed from further consideration.

There remained a total of 85 bursts at 2800 Mc/sec intensities

greater than 1077 joules - w2 - (c/s)_l. The energies of these RF
emissions were redetermined by integrating the intensity-time-curves.
Table 1 is a list of these bursts, along with data on the associated
solar flare particle events where such associations were found.

Using this simple criteria of a minimum integrated burst energy of

10717 joules - m™® - (c/s)-l there is a false alarm rate of 2.4 bursts
per particle event, with one particle event out of 38 missed.
In order to obtain criteria for solar particle event sizes, the
correlation of integrated RF burst energy with integrated particle flux
was investigated. The PCA events were investigated in detail to ascer-
tain the confidence-to be placed in each PCA event-RF burst association.

As a result it was decided that the burst recorded on November 20,
1960, was probably not the burst associated with the particle event ob-
served on the following date. The burst occurred from 2023 to 2105 UT.
Sunset for Ottawa was at 2130 UT. At 2126, a second flare was observed,
reaching a maximum at 2258 UT. Since the onset of particles was at
0200 UT November 21, either flare could have accounted for the event.



The importance of flare as given by various observatories are listed
below:

Flare onset Tnp. Sec. flare onset Tmp.
McMath-Hulbert 2017 1 2126 2
Sac peak 2126 2
Climax 1955 3 2117 3
Honolulu 2132 1
Lockheed 2017 1 211k 1

The November 20, 1960 burst was omitted from the flux-intensity
correlations, but was included as a false alarm in subsequent analyses.
The August 31, 1956 event was eliminated from the flux-intensity corre-
lation because the recorder went off scale during most of the burst and
no reliable estimate of the integrated intensity could be made.

The five events in table 1 for which sunrige or sunset appears were
eliminated from the flux density correlations because these events began
well before sunrise or ended well after sunset. No accurate determination
of the burst's peak intensity could be made. These bursis were not coun-
ted as false alarms.

Twenty-eight events remain for which adequate RF data were available.
Two of these events, the May 4, 1960 and July 12, 1961 events were con-
sidered adequate for the analysis even though the RF emissions began be-
fore Ottawa's observing period. The TAU quarterly shows that maximms
at other frequencies were reached at 1033 UT (9400 Mc/sec) and 1042 UT
(1500 Mc/sec) for the May 4 event while maximums were reached at 1029 UT
(9100 Me/sec) and 1042 UT (1500 Mc/sec) for the July 12 event. It is
believed that the Ottawa data recorded the major portion of each burst
and, therefore, were included in the analysis.

Fifteen of the twenty-eight bursts could be associated with Webber's
particle data (ref. 2). These bursts and corresponding PCA events form
the core of the Ottawa RF energy-particle flux correlation. Table IT
lists these events along with pertinent optical information. Also in-
cluded in table IT are four events for which rough estimates of particle
event sizes were made from Bailey's forward scatter data reported in
reference 6 by Modisette, Vinson, and Hardy, and one event calculated
from data in reference 7. Ten MeV integrated particle fluxes had been
estimated by multiplication of peak flux intensity and duration. An ex-
trapolation from 10 MeV to 30 MeV was made assuming the average rigidity
fit for a model particle event.

Figure 2 shows the particle flux-RF energy correlation for Webber's
data alone while figure 3 shows for comparison the combination of Webber



and estimated 30 MeV particle fluxes from forward scatter. It was de-
cided that the various extrapolations in getting the forward scatter data
into the same form as Webber's data had introduced errors in the event
size estimates, so that only Webber's 15 events were used for subsequent
analyses. Tt can be seen from figure 2 that a fair amount of scatter
remains. It was felt that much of the scatter could be attributed to
variations in the background RF radiation. In an attempt to treat this
problem, correlations were made using the integrated RF intensity above
a fixed level for all events and with integrated intensity above 0.1
and 0.2 of the peak. Figure 4 shows a RF burst at 2800 Mc/sec with

the various baselines drawn in. Figure 5, 6, 7, respectively, are

the correlations for integrated intensities above a fixed level of

50 x 10722 vatts - m 2 - (c/s)_l over the quiet sun, and 10 percent and
and 20 percent of the peak RF flux intensity. Reduction in scatter is not
so obvious from the figures, but the correlation coefficients reflect the
improvement. The best correlation is obtained using 0.2 times the peak
intensity as a base line although the difference between the correlation
and that using a base line of 0.1 times the peak is not statistically sig-
nificant.

A number of other correlations were investigated using Webber's
particle event data, including peak intensity (fig. 8), duration of burst
(fig. 9), and integrated intensity divided by duration (fig. 10). All of
these parameters show significant correlations with the integrated par-
ticle flux, but none are as good as the integrated burst intensities.

The results of the andlysis on the 2800 Mc/sec data show that the
integrated intensity of RF type IV u burst above a suitable baseline is
useful as .an indicator of the integrated particle flux during a solar
flare particle event. It remains for further analysis and additional
data to reduce the false alarm rate.

The Nagoya data were checked to ascertain if an equivalent corre-
lation existed for 3750 Mc/sec. There are no known particle events
missed by Nagoya. Table IIT lists the PCA evenits and RF bursts consid-
ered. The particle events for which an associated RF burst occurred
during sunrise Or sunset were eliminated from the correlation. Using the
integrated intensity above 0.1 times the peak value, the correlation
shown in figure 11 is obtained. Considerably more scatter exists for the
3750 Mc/sec correlation than for the 2800 Mc/sec correlation. It is not
known at this time whether this scatter is real.

It should be pointed out that the analysis of the Ottawa data leans
rather heavily on the initial assumption that there exists a relation-
ship between the acceleration of particles and the RF bursts. Therefore,
considerably more freedom was exercised in the elimination of data to



reduce scatter than would have been reasonable had the object been to
establish the existence of a relationship.

OPTICAL CRITERIA

Introduction

The discussion of the optical criteria really concerns a combined
criteria, since the objective of the optical criteria is to improve the
RF predictions. There is also some additional development of the RF
analysis in this section. The philosophy outlined in the introduction
leads to the idea that the optical criteria should introduce factors
governing the transport of particles from the sun to the earth. Tt is
generally agreed that the coronal and interplanetary magnetic field con~
figuration, together with the boundary condition of the location of the
origin of the particles, determine where the particles g0 and in what
numbers. The origin of the particles is determined by the location of
the associated flare. Since the equations of magnetohydrodynamics are
reasonably well established, one might think that spectroscopically
determined values of the bulk properties of the base of the corons would
allow the calculation of the characteristics of the interplanetary medium,
Such an approach has had only limited success thus far s for example, no
analysis has included the effects of magnetic forces or solar rotation on
the solar wind, and there remains some question as to the energy source
of the solar wind. For this reason a discussion of the physical rea-
soning behind the selection of certain optical parameters for detailed
analysis must proceed with a certain amount of "hand-waving." However,
the physical reasoning is very important, because the abundance of para-~
meters and the sparseness of data points makes it relatively easy for a
glib statistician to find a plausible set of correlations based on
fortuitous circumstances.

There are, of course, several things that can be said with assurance
about the processes governing the transport of charged particles from the
sun to the earth. The spiral interplanetary field may be regarded as
well ‘established, although a detailed understanding of the occurrence of
irregularities is lacking. It may be further stated with some assurance
that this spiral field will make it easier for the particles to arrive at
the earth from the west limb of the sun, and indeed, data on the distri-
bution in longitude of particle-producing flares confirm this prediction
(figs. 12 and 13).

Tt is apparent, however, that properties of the interplanetary mag-
netic field other than its spiral configuration influence the transport
of solar flare particles, since there are many events, including some
large ones, originating on the east limb. Somehow, the particles are



crossing the field lines. Since the collision freguency of the particles
is so low that we would normally expect the "frozen in flux" assumption
to hold, we are led to the conclusion that the particles are scattering
from magnetic irregularities. Therefore, we -are interested in observable
parameters related to the distribution of these scattering centers.

There are small-scale irregularities in the interplanetary field
when it 1s carried past the earth. Since the field is frozen into the
plasma, and since the solar wind undergoes a large radial expansion in
leaving the corona (much larger than the lateral expansion) one would
expect these irregularities to be larger close to the sun, that is, if we
moved an element of the solar wind back towards the sun, the radial com-
pression would amplify the transverse component of the field. The picture
is complicated by our ignorance of the level in the corona at which these
irregularities are generated and of the distribution of solar wind veloc-
ity with radial distance. In general, however, we may say that anything
that slows the solar wind should increase the concentration of scattering
centers.

In reference 8, James reports the results of solar radar studies
which appear to show a slowing down of the solar wind above large active
centers. This is a rather unexpected result, since the solar wind under-
goes a large acceleration between the sun and the earth, and one would
not expect a slowing down in between. It is possible to devise magnetic
forces which could produce this result, since if the transverse component
of the field falls off more slowly than 1/r, the net force will be direc-
ted inward. The idea that magnetic forces may be important introduces
the plages as important observable features, since the plage marks the
extent of strong solar fields. The plage also appears to be an important .
indicator of an active or potentially active solar region. Another fac-
tor that may make plages important is that once the region of slowing
down (0.5 - 1.0 radii above the photosphere) is passed, the generally
stronger magnetic and particle pressures above a plage may cause it to
expand laterally at the expense of surrounding regions, facilitating the
spread in longitude of particles from the region of the plage even if
they stay on their field lines.

Other features of the sun indicating magnetic activity include the
sunspots and their magnetic classification. An optical criteria should
include the flare importance, since the correlation with particle event
size is well established. The flare importance is probably somewhat
redundant to the RF intensity, being a measure of the number of particles
accelerated, but one might also argue that a large flare would spread its
particles over a larger area in the chromosphere, giving them a head
start towards a wide spread in longitude.



PARAMETERS SELECTED

It is desirable to limit the number of parameters studied, both to
avoid statistical difficulties and to allow the investigators to assess
the data more critically. On the basis of the above considerations,
longitude, plage area, plage brightness, flare importance, sunspot area,
sunspot magnetic classification, sunspot Zurich type, and plage clus-
tering were selected for study. This data was obtained from several
sources (refs. 5, 9, 10, and 11) for three sets of data: the 42 particle
events given by Webber, and the RF bursts from Ottawa and Nagoya. It was
also decided to investigate the variation of false alarm rate with event
?ize fo:; the RF data to check out the effect reported by Fletcher et. al.
ref. 3).

After a preliminary examination of the data, it was decided to omit
Zurich type and magnetic classification of +the sunspots from further con-
sideration. Although the particle events consistently showed E, F, or H
type sunspots and y or By magnetic classifications, the trends with
event size were much less apparent than for the other parameters, and the
RF studies reported below indicate the importance of variations of event
size. Clustering of plages may be as important as a large plage. Proper
consideration of this effect would require careful definition of
"clustering", but it is intended to investigate this parameter more
thoroughly in the future.

LONGITUDE EFFECT

A dependence of the production of solar flare particle events upon
heliographic longitude has been recognized for some time, and is consist-
ent with our present understanding of the interplanetary magnetic field.
Figures 12 and 13 show the distribution in longitude of the flares pro-
ducing particle events for several compilations of data. All show a pre-
ponderance of west limb events. An obvious use of this effect would be
to reduce the false alarm rate for west limb events, and to increase the
false alarm rate for east limb events. The operational significance of
this effect would be to permit a more careful assessment of the confi-
dence levels to be placed on the individual SPAW warnings. The overall
false alarm rate is not changed by this effect.

In accordance with our idea of spreading in longitude due to dif-
fusion or scattering of particles, the source of the particles is of
obvious importance. The particle flux should be a function of the separa-
tion in longitude of the flare and the field line comnecting the earth to



the sun. The form of the function probably varies, however. In partic-
ular, one might expect a difference between events predominantly of a
diffusive nature and events for which the particles come directly down
the field lines. To look for the difference, one must first determine
which events fall into each category. The best parameter to differen-
tiate these events that is available for a large number of events is
probably the delay time, between flare or RF maximum and particle onset.
In figures 14 to 17 the events are divided into groups having delay times
greater and less than 1, 2, 3, and 4 hours. It is apparent that the
longitudinal asymmetry comes from the events with short delay times.
This analysis is based on data which would not be available for warning
eriteria, so that it is necessary to relate diffusive and "straight-on"
events by some observable feature of the sun. An attempt to correlate
plage area with delay time resulted in a large amount of scatter. The
further exploitation of the longitude effect will be the subject of
future development of the warning criteria.

PLAGE EFFECTS

From the taebulated data, the effect of plage area is apparent.
Plage brightness is somewhat less apparent, although the trend of brighter
plages with larger events can be seen. The scatter indicates that a com-
bination of plage parameters with other effects will be necessary, and
that correlations obtained from analyzing the plage data alone would have
very low confidence levels.

RF CRITERTA ALONE

The Ottawa RF false alarm rates for various event sizes were deter-
mined from the least square fit of figure 6. The table below shows the
RF energy thresholds for prediction of the various event sizes.

RF energy Predicted event size
51000 x 1078 5/m2-cps 107
>270 >lO8
78 107
>22 >l06

>10 >:I.O5
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Using the above thresholds and data from table T, false alarm rates were -
.determined.
The following are comments gbout the makeup of the false alarm table.

The number of actual events in the 10 and larger columns consider only
Webber particle fluxes. Events for which no estimates of particle fluxes

are given were included in the ZLO5 column. Particle events with associ-
ated bursts occurring during sunset or sunrise were also included in the

lO5 column. The two events for which no RF was detected were not in-
cluded in the false alarm table.

The following table gives information on false alarms for 2800 Mc/sec
using least square fit RF thresholds:

Event size 510° 3100 s107 >10° 5107
RF bursts 85 52 19 5 0
Actual events 35 13 6 3 1
False alarm rate  2.4/1 h/1 3.2/1 1.7/1 2

A decrease in false alarms is indicated as the burst size increases.
This may be a real effect even though the number of large bursts on which
to base this is rather small.

Many of the events in the previous discussion were.underestimated.
Hence an RF-particle flux criteria was developed from an envelope curve
(fig. 18) parallel to the least square fit in figure 6. No events were
underestimated with this curve. The following false alarm table resulted.

Event size 500 310°  s107 208 me?
RF bursts 85 85 31 10 b
Actual events 35 13 6 530 1
False alarm rate  2.4/1 6.5/1 5/1 3.3/1 h/1

The decrease in false alarm rate with larger events is no longer
obvious, in view of large number of bursts corresponding to >109 parti~
cles. However, if we note that one of the >10~ events is listed by
Webber as 9.6 x 108, and another as 9.1 x 108, it appears T.hat there may
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be something to the effect. All the above discussion is based on the
Ottawa data. For the Nagoya data, using the envelope line (fig. 19), the
results are as follows:

Event size 5107 300 107 5108 107
RF burst 87 80 37 16 10
Actual events 25 15 11 6 3
False elarm rate  3.5/1 5.2/1  3.4/1 2.7/ 3.3/1

Again, there are some 108 events that are almost 109, pointing out
a disadvantage of this stepwise criteria.

It is of some interest at this point to comment on the-envelope lines
for the RF data. Although the least-square fits of the Nagoya and Ottawa
data are quite different, the envelope lines are almost the same. This
supports the idea that the RF burst is an absolute measure of the number
of particles accelerated, while various other factors reduce the number
of particles eventually reaching the earth.

COMBINED CRITERTA

Using the 42 events for which Webber gives size estimates, and the
Ottawa and Nagoya RF data,- it is possible to determine minimum values of
the RF flux (from envelope), Plage area, Plage brightness, Flare impor-
tance, and Sunspot area assoclated with each decade of event size. These
values are tabulated below:

Event 3750 Mc / sec 2800 Mc / sec Plage Plage Flare Sunspot

size RF burst RF burst area  Dbrightness importance area
=0° 270 500 8000 3 3 1400
>_108 . 76 10 5000 3 3 250
s107 21 28 4000 3 2+ 500
>1o6 10 10 3000- 2.5 1(3E)

>IJ.O5 10 10 2000 2.5 1
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6
The (3E) under flare importance for 10~ indicates that a flare must be
at least of importance 3 on the east 1iwb.

Using the combined criteria on the Ottawa RF bursts, and the optical
parsmeters given in table VII, we obbain the following resulis:

Event size >10° s10® 07 s10% 107
Predicted . 68 b5 16 T 2
Actual b7) 13 6 3 i

False alsrm rate  1.95/1  3.5/1 2.7/1 2.3/1 21

Again, the lO9 false alarm was a 9.1 X lO8 event and two lO8 falge alarms

were 5 X 107 andj X 1_07 evenbs.

Using the Nagoya data, table VI, and the combined eriteria we obtain
the following results: :

Event size 107 s10° s0f 08 5107
Predicted 5k 40 20 7 4
Actual 25 Y 9 3 3

False alarm rate 2.2/1 2.7/1 2.2/1  1.2/1 1.3/1

In this case the >3.()9 falge alarm was a 7.2 X 108 event and the

108 false alarm was a 7.2 X 107 event. The combined criteria has re-
duced the Nagoya RF false alarms considerably. It is encouraging that
with the combined RF and optical eriteria that the false alarm rates for
Ottawa and Nagoya are approximately equal.

CONCLUSION

Tt has been shown in this paper that there is a relationship between
solar u BF burst energies and integrated solar flare particle fluxes.
Definite correlations between 2800 Mc/ sec RF bursts and integrated flux
greater than 30 MeV exists while 3750 Mc/ sec shows s weaker dependence.
Since an envelope curve was found to £it both Ottawa and Nagoya data, it
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was argued that a number of independent factors influence the total num~
ber of particles arriving at the earth. However, the same envelope curve
was shown to f£it both the Nagoya and the Ottawa data, supporting the in-
terpretation that the RF burst integrated intensity in a direct measure
of the acceleration of particles, with other factors determining the
transport of the particles to the earth.

Particle events greater than 108 are of most concern to the Apollo
mission. Hence with an Ottawa RF criteria (detection of a burst with

energy greater than 140 X lO—lsjou_'Les -m 2. cps) signaling the occur-

rence of a PCA and predicting a particle flux >10° will have a false
alarm rate of 3.3 to 1, when observable optical parameters are included
in the criteria the false alarm raté drops to 2.3 to 1. The Nagoya RF

criteria has a 2.7 to 1 false alarm rate for prediction of >10~ particles

events and a 1.2 to 1 false alarm rate for the combined optical and RP
criteria.

The longitude effect has only been considered in a limited sense in
developing the optical criteria and has not been investigated in any de-
tail. It -has been shown that events with onset <3 hours may be consid-
ered as direct events with a western longitudinal predominance, and those
events >3 hours as diffusive events with no longitudinal dependence.
Knowledge of particle events being either diffusive or direct would aid
in eliminating false alarms on eastern longitudes plus give an indica-
tion of the probable time of particle onset.

The warning criteria based on combined RF and optical data show
substantial decreases in the false alarm rates over the RF criteria alone.
The remaining false alarms are largely due to the constraint imposed on
the criteria that no events should be underestimated, and to the use of
stepped criteria. This result shows that the next step in the warning
criteria development is to apply multiparameter correlation analysis to
the parameters shown to be important, to obtain continuous functions
which estimate the average event size for a given set of conditions,
rather than the maximum as was done in the current analysis. The result-
ing criteria will be more amenable to confidence analysis, and to extra-
polation to larger events.
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TABLE I.- COMPILATION OF OTTAWA (2800 Me/sec) RF BURST PARAMETERS AND ASSOCTATED

SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1955 TO 1961

F 5 P Flare-~
T R, | emeee | Emde ||
Date 10732y /mz_cps 10 percent of peak,| Yy ’ (2) b > 30 Mey| Tocation Tmp. Sb$t, Mﬁ. »
Start, | Max. 107285 /m2 cps

June 18, 1955 2907 1908 1 575 k3 se2 g2y 3 1905 1910
July 9, 1955 1906 1922 309 30 Yo data
Feb. 16, 1956 3757 1813 650 60 N20 EO8 2+ 1805
Feb, 19, 1956 1427 1435 650 29 W25 we3 1 1430 RN
Mar. 13, 1956 52 145l 850 4 2L ES0 2 1453
Mar, 15, 1956 1622 1627 1 300 43 Ne2 Eel 2+ 1625 1635
June 20, 1956 1938 1939 340 12 Yo data
Aug. 31, 2956 | 1231 oti-aonle 61 1430 B 2.5 x107 | M6 E6 3 1226 1243
Sep. 17, 1956 1540 1947 320 13 520 w17 2+ 1gh2 1550
Tov. 13, 1956 1433 1o 180 13 2000 B M& WLO 2 1430 1501
Dec. 26, 1956 1403 2454 915 132 517 WLl 2 1501 1412
Jon. 6, 1957 1758 1827 585 h2 N6 W53 1- 1822
Apr. 12, 1957 1855 1900 525 12 525 W3 2 1850 1920
apr. 1k, 1957 1700 1915 37 [ s25 ve8 1 1708
Apr. 16, 1957 1043 1050 1 650 87 N30 B85 3 1010 1105
Apr. 17, 1957 2006 2042 6 000 546 N20  E69 3 2000 2116
June 3, 1957 10k2 1051 290 17 518 W18 3 1040
June 19, 1957 1608 1610 2 325 3k B N20 EM5 2 1609 1613
July 15, 1957 2019 2043 300 12 No logical flare association
July 16, 1957 17k 1756 350 23 S35 128 ] 1 | I7hz 180k
July 20, 1957 1735 2750 5 i1 No logical flare associabion
July 2k, 1957 2759 1838 1 100 oh 2015 1K seh w2y 3 1801 1828
Aug. 1, 1957 1400 1815 a5 22 - S35 EOM 1 1352 1420
Aug. 9, 1957 230k 1517 40 27 1600 B 1.5 x 106 833 W1 1 1330 1355
fug. 28, 1957 2017 2019 760 10 0000(8/29) B,H 528 E30 2+ 2010 202}
Aug. 29, 1957 To burst recorded 1500 B,E,H 525 ER0 2 1031 1052
Aug. 31, 1957 1300 1321 3 900 350 1500 B 25 Wo2 3 1257 1312
Sep. 2, 1957 1300 132 120 30 1700 B s3h W6 2+ 1313 1316
Sep. 3, 1957 117 1k26 1 350 51 N23 W30 3 112 1428
Sep. 18, 1957 1821 1825 275 u7 N20_EO2 3+ 1815 1840
Sep. 21, 1957 1330 1337 790 W 1700 B 1.5 x 16 N0 Woo 3 1330 1335

PList of PCA observers: B = Beiley, L = Leinbech, H = Hakura & Goh
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TABLE I.- COMPILATION OF OTTAWA (2800 Mc/sec) RF BURST PARAMETERS AND ASSOCIATED

SOLAR AND TERRESTTAL, PHENOMENA FOR THE PERIOD 1955 T0 1961 ~ Contunued

BF burst, RE peak ey e Particle eA Partacle Flare-
Date intensitys 10 percent of pesk, onse::mtime, observers event size,
a P >30MeV | Location Imp. | Start, Mex.,
. Start | Mex. 107222 ops 10785/ eps bl s

Sep. 26, 1957 | 1925 1945 10 25 2100 3,L N2z Ei5 3 1907 1957
Oct. 20, 1957 | 1640 1651 4 000 209 2100 B 5.0 x 107 826 W35 3+ 16U 1647
Nov. 4, 2957 No burst recorded ) 0200 B 9.0 x 106 No logical flare associetion

Jan. 15, 1958 1640 1643 1 350 21 s13 W58 2+ 1650 16k2
Feb. 9, 1958 | 2105 ? Sunset 0600(2/10) B,IK s12 Wk 2+ 2108 21h2
Mar. 23, 1958 | <1115 Sunrase 1500 B 2.5 x 108 sS4  E78 3+ [ 1hh5
Fune 5, 1958 | 1614 1623 387 35 S18  E69 2+ 1615 1631
June 28, 1958 | 1500 1745 23 32 526 w20 1 k34

Wy 7, 1958 | ooz7 2 875 at 0028 Sunset 0330 B,L,H,K 2.5 x 108 N5 w08 3+ 0020 0110
July 30, 1958 | 1525 1529 400 15 513 weh 2 1523 1530
lavg. 2, 1958 [ 1840 182 2 050 26 s+ w90 1 18k0 18k
laug. 22, 1958 1430 1506 1 500 192 1530 B 7.0 x 107 18 o 3 1428 50
Oct. 24, 1958 2439 1512 185 18 805 W57 2+ 1432 1457
pec. 11, 1958 | 1805 1810 1 205 14 . 502 ECO 2 1802 1812
Dec. 12, 1958 | 1257 2301 1 500 20 503 W08 2+ 1229 1304
Fan. 21, 1959 | 1702 1708 600 12 N0 E48 3 1700 1709
Jen. 2k, 1959 | 1450 1535 60 12 ::Z ::g 1 it:: i:::;
Jan. 25, 1959 | 1410 112 325 50 N8 W50 2 1406 h1k
Feb. 9, 1959 [ 1308 1317 160 10 No9  E87 2+ 1230

Mar. 22, 2959 [ 13%0 1345 525 12 N29 W50 1+ 1338 1348
er. 7, 1959 | 1350 1450 51 26 N0 E84 2 1355

Bey 8, 1959 | 2a5h 2257 2 220 29 o1 E83 2+ 2252 2257
Mey 10, 1959 { 2100 2154 2 550 811 0030(5/11) B,E,K 9.6 x 108 Ni8 EN7 3+ 2102 2150
May 11, 1959 [ 2010 2021 900 75 N0 EM 3 2006 2030
[June 9, 1959 | 1645 1740 1 800 146 N17  E%0 2 1707

bune 18, 1959 | 1139 1140 1 225 1% N6 w2 3+ 1130 1145
faly 9, 1959 2043 2046 520 15 * M8  E6T 2 1930 1957
Puly 9, 1959 | el12 2128 520 30 mo  EM8 2 2115 2130
July 16, 195 2118 215k S 500 732 0000(7/17) B 9.1 % 108 N6 w31 + 213k 2132
ug. 18, 1959 | <1200 ? 30 at 1200 Sunrase 1130 B 1.8x 16° N2 33 3 1014 1030

®iast of PCA observers:

B = Bailey; L = Leinbach; K = Kiruna; H = Hakura & Goh
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TABLE I.- COMPILATION OF OFFAWA (2800 Mc/sec) RF BURST PARAMETERS AND ASSOCIATED

SOLAR AND TERRESTIAL PHENOMENA FOR THE PERTOD 1955 TO 1961 - Concluded

RF burst, BF burst Particle PCA Particle Flove-
o R el B R e I vy oy e
Stert | dax. 1020 eps | 10785 nPcps vz oz
Aug. 31, 1959| 1858 1906 270 10 N0 ElL 1+ 1850 1910
Dec. 2, 1959| 1246 1248 875 1 NO7_ W16 2+ 1219
Dec. 4, 1959] 1815 1910 40 16 NO6  whilt 24 1814 1823
Jen. 11, 1960| 2056 2108 220 13 0300 (1/12) B,G,VA 1.0 x 10% Ne2 E03 3 2040 2126
Jen. 15, 1960{ 1340 1357 700 217 0300 (1/16) [ 520 W68 2 1334
Mar. 28, 1960] 2048 2118 1 250E 127 wh  E37 2 a0k 2056
Mar. 30, 1960{ 1518 1556 1750 160 0300 (3/31) L,K N2 Eil 2 1455 1540
Apr. 3, 1960| 17hS 2122 5 18 No logical flare association
ey L, 1960[<1025 1046 600 69 1030 B,L,K,6,VA__|6.0 X 10° M3 W90 3 1000 1016
May 6, 1960| 2405 k3l 695 69 1800 B,L,K,G,VA | k.0x 10° 509 EO7 3+ ok 140
qune 1, 1960|<a0k5 2 25 ot 1045 Sunrise <021 G,VA 4.0 x 10° Ne9 EM6 3¢ 0823 0900
June 25, 1960 1148 1209 425 46 1700 G,D N2l E06 3 1136 1215
June 27, 1960| 2140 2158 ko 17 2327 G Ne2 wWet 3 2140 2156
Aug, 11, 1960| 1923 1928 1100 26 0022 G, VA 6.0 X 107 Ne2 E26 2+ 1916 1929
Sep. 16, 1960} 1702 1756 2 000 185 S22 E67 1 1706 172k
oct. 23, 1960| 2056 2122 320 22 Ne2 E90 1+ 2114 2130
Nov. 6, 1960] 1628 1837 56 20 N13 EOT 3 1752 184
mov. 12, 1960] 1320 1346 5 500 606 2400 B,1,G,VA 1.3% 107 N7 WOk 3+ 1315 1330
Nov. 20, 1960| 2023 | 2027 400 25 Nes W90 k2 2017 2020
2 2126 2258
Dec. 5, 1960{ 1828 1838 330 23 0577 (12/6) G Ne6 Efh 3+ 1825 1838
Juty 11, 1961] 160k 1745 1 500 138 0000 (7/12) L 3.0 x 10° S07_E32 3 1615 1700
July 12, 1961[<1102 1113 1 200 88 1300 B,L 4,0x 107 07 E23 3 1000 1025
July 15, 196L| 1510 1610 11 36 1545 I SO7_ W20 2 1508 1512
July 20, 1961| 1552 1621 1 800 ol 0300 (7/21) i 5.0X% 106 S06 W90 3 1553 1635
Sep. 10, 1961 1930 2001 900 95 2100 B, TN 08 WO 1 1958 2020
Sep. 28, 1961} 2211 2218 800 36 2330 B,L,N 6.0% 10° N3 E29 3 2202 2223
®List of PCA observers: B = Bailey; G = Gregory, VA = Van Allen; L = Leinbachj K = Kzrune; N = NASA; and D = Bvoryeshan
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TABLE XI.- LIST OF 20 OTTAWA (2800 Me/sec) RF BURST AND ASSOCTATED PHENOMENA

WHICH CAN BE ASSOCIATED WITH WEBBER AND FORWARD SCATTER PARTICLE FLUXES >30 MeV

. BF burst energy integrated above, Part- Flare
Date RF burst, antomeatys 107 /n2-cps eﬁifx?:iie, Location F};;e ole | tame, Uv

[Stat | ] 107 %/nPecps Quiet sun | 10 percent peak ] 20 percent peak |F ~ 30 MeV o | Stert,| Mex.,
Nov, 13, 1956] 1433 1540 180 9 13 7 2 xaf 16 W10 2 | 2000 1430 1501

Aug. 9, 1957( 130% 1517 Lo 36 2 19 1.5 x 166 $33 W7 1 | 1600 1330,
Avg. 28, 1957| 2007 2019 760 12 5 N %17 x 207 528 E30 2+ | 2400 2010 2024
laug. 31, 1957| 1300 1321 3900 410 350 263 ®5.3 x107 N25 w2 3 | 1500 1257 1312
Sep. 2, 2957] 1300 1324 120 ks 30 19 B x107 s38 w36 2+ | 1700 1313 1316
Sep. 21, 1957) 1330 1337 790 20 13 9 1.5 xab | w0 wos 3 | afo0 1330 1335
Oct. 20.-1957] 1644 | 1651 4000 311 209 170 5.0 x107 826 W35 3+ | 2100 | 264 1647
Aug, 22, 1958| 1k30 1506 1500 19 192 140 7.0 %107 §8 w10 3 |53 1428 1450
May 10, 1959 2100 2154 2500 1048 811 630 9.6 x10°|  m8 @y 3+ | 2k30 2102 2140
uly 16, 3959] 2118 2154 5500 . 1040 732 535 9. x10° N6 W31 3+ | 2400 211k 2132
Jan, 11, 1960} 2056 2108 220 a7 13 9 k.0 x 207 N22  EO2 3 (2722) 20450 |. 2126
Mey b, 1960[<1025 1046 600 92 70 53 6.0% 106 N3 W90 3 | 1030 1000 |, 1016
Moy 6, 1950]| 3406 143k 695 246 69 46 b0 x30® 308 mO7 3+ | 1800 140k 1440
Aug, 11, 1960| 1916 1928 1100 3% 2 19 6.0 x10° | w22 E26 2% | 2b00. | . 1916 1929
Nov. 12, 1960] 1320 1345 5500 866 606 b0 1.3 % 107 N27_ Woh 3+ | 2koo.{ "33315 1330
July 31, 19611 1604 1745 1500 242 138 90 3.0 x10° S07___ E32 3 | 2uoo 1615 | "1700
July 12, 1961[<1102 1113 1200 120 90 70 k.0 x 107 s07  Ee3 3 | izc0 1000 |. 1025
Juiy 20, 1961] 1552 | 1621 1800 287 o 70 5.0x30°] 506 woo | 3 |(59%) | 1553 | 1635
Sep, 28, 1961 2211 2218 800 52 36 25 6.0 x10° | w3 mey 3 | 2330 2202 2023
Sep. 10, 1961| 1930 2001 900 120 95 78 23,7 x 107 NO8 w80 1 | 2100 1958 2010

Sgstimated from forward

scatter.
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TABLE ITI.- COMPILATION OF NAGOYA (3750 Me/sec) RF BURSTS AND ASSOCIATED BHENOMENA

WHICH CAN BE ASSOCIATED WITH VEBBER AND FORWARD SCATTER PARTICLE FLUXES ;30 MeV

RF burst energy integrated above, Part-
RF peok Particle Flare Flaxe
Date FE burst, intensity, 10785 /P cps event size,|  location ing, | Sele e
_ 5

Stare | ek |10 2%/nP-cps| quiet sun | 10 percent peak | 20 percent peax | 77 3 HV ur Gtart | Max
Feb. 23, 1956 0334 0336 18 000 T 670 4h8 262 1.0 x 107 N23 W80 3 okoo 0331
Mor, 10, 1956| oy 0518 1 000 15% 118 88 Pr x 20 N6 E88 2 0900 0515

o727 o742 337 7 i who 3+ G7ie o745
July 3, 1957 ——o L " 52 2 21 2.0 X 10 1000
i ’ 0832 | o83 763 3 w0 whe 34 0830 | o8ko
guly 7, 1958|0027 | 0028 £ 250 156 102 2.5 x 20 N25  wos 3+ | 0330 | ooz0 | omo

0102 o111 1700
Aug, 16, 1958( 0433 o439 5 800 300 160 4.0 x 107 sib w50 3+ | 0600 o433 okko
Avg. 26, 1958| 0005 ookl 5 050 700 550 k20 1.1 x 108 NeO  ush 3 0330 0005 0027
sep. 22, 1958 Sunset 6.0 x 206 519 whe 2 1400 0738 0750
May 10, 1959| <2200 Sunrise 9.6 x 108 m8  Eu7 3+ | o030 2102 21k0
Tuly 10, 1959| 0200 o022l 6 300 690 515 378 1.9 x 109 Neo _ E60 3+ | 0700 0206 0230
Juiy 3k, 1959| 0330 0356 6 000 655 400 250 1.3 x 109 M7 EOM 3+ | o730 0325 0349
July 16, 1959 Sunrise 9.1 X 10 M6 W3 3+ | 0000 211k 2132
apr. 5, 1960] o1ko 0202 6 000 820 510 340 1.1 x 10 m2 w63 2 0700 0215 ozl
Apr. 28, 1960| 0116 0130 260 28 17 12 5.0 x 106 505  E3% 3 0230 0130 0137
apr. 29, 1960 | 0139 | oo 115 67 51 38 7.0 x 168 Wb owel 2 | 0500 | owoy |90

0356 okoo 365 oloo
May 13, 1960 0517 0532 3 750 635 500 386 4.0 x 100 N30 W67 3 0730 0519 0332
Sep. 3, 1960| 0039 0105 12 000 227 160 m 3.5 x 207 N18  £88 2+ | 0500 0037 0108
Sep. 26, 1960| 0525 0539 1 680 148 208 85 2.0 x 206 822 weh 1+ | 1308 0525 0537
Nov. 15, 1960 o019 0222 11 600 1170 780 510 7.2 x 208 w25 w35 3 ol30 0207 0221
Sep. 28, 1961 2212 2217 1690 7 48 31 6.0 x 106 m3  E29 3 2330 2202 2223

®Estinated from forward scatter.
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PABIE IV.- COMPILATION OF NAGOYA {3750 Mu/sec) RF BURST PARAMETERS AND ASSOCIATED

SOLAR AND TERRESTIAL FREHOMENA FOR THE PERIOD 1956 10 1961

y BF burst Flare-
REburst RF peak e ab Particle PCA Particle
Pate w _‘;‘“ﬁs;ty ’ o p%“:ﬂg“o;:”" onos i Obs?:)ms Ve | osation wp, | SHEE 1 M,
Stavt{ Max. 10 aw/m —ops 1075 /m"-cps
Feb. 1k, 1956 1 osko | 0553 2 720 6 N2y E32 { 2r | 0538 9557
Feb. 23, 1956 | 033 0335 18 000 [ ok0o B 3.0% 10 | Ne3 weo | 3 033L
Mar. B, 1956 | 0320 | o322 Loy 5 o flare patrol
Mar. 10, 1956 | Ob47 | 0518 1 000 118 0900 B 11x18 Tw6 e8] 2 [ o515 |
Mar. 17, 1956 {0002 | 0007 133 9 Ho logicnl flere association
May 30, 1956 | o234 0236 hhh 9 No logieal flave association
Hov. 17, 1956 | o1k [ 17 p23 . S5 W15} i o428
Des. 20, 1956 | o4k 0450 756 8 Rl E15 2 ol32
Dec. 29, 1956 | ookh 0056 117 25 Nib E59 | I+ [ O0l5
Jan. 5, 1957 | 0053 056 228 6 Mo logical flare asseeiation
Apr. 2, 1957 {0301 | 0337 340 25 S16 Who | 2 0309
sy 3, 1957 [ 120 | 072 33 32 1000 B,LyH 2oxigf | IY WO 4 3 | one o5
0832 o83 763 0830 0840
Aug. 10, 1957 {0126 | ole7 1 700 10 N6 Wik | 1 0125 0129
Aug. 30, 1957 | 2209 221k 619 6 No logical flare association
Sep. 6, 1957 | 0753 0802 365 7 ¥27 Whl | =z 0755 0805
Sep. 7, 1957 | OBLL | 0813 2 015 12 W5 Wes | i+ 0820 0823
Sep. 11, 1957 i 02h3 | -030h 373 27 W3 woz | 3 0236 0300
Sep. 19, 1957 | 0359 o406 1 080 12 N23 EO02 3 0350 ollo
Oct. 23, 1957 | 0622 0523 1 gk 20 527 WiT | 1+ o621
Nov. 22, 1957 | ohos 0410 380 8 N3Z Wb | 2 ooy akog
Dec. 13, 1957 {0155 | o3 650 &6 W5 E90 | 1, | 027 023%
Dep. 26, 1957 | 0245 0246 2 650 16 No logical flsre asscciation N
Feb, 12, 1958 2345 L 125 8 §13 W6 | a | 233k |
Feb, 26, 2958 | 05h3 | 0552 500 9 516 weL | 2 [oser | 0550
Mar. 20, 1958 § 0636 ohT7 160 Th No logical flare association
Apr. 2, 1958|0458 | 0500 8ho N 3 s wsh | 1+ | 0502
Hay 5, 1958 ) Ohi2 ohily 200 10 818 w29 | 3 0356 oh1s
July 7, 1958 ooar 028 990 155 8330 B,InHK 2.5%x16% Imes wos | 3+ 0020 0110
. 0102 | G 1700

®Lish of FOA obsefvers:

B = Bailey; L = ILexnbachi X = Kirune; and H = Hakura & Goh
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TABLE TV.- COMPILATION OF NAGOYA (3750 Mc/scc) RF BURST PARAMETERS AND ASSOCIATED

SOLAR AND TERRESTIAL PHENOMENA FOR THE PERIOD 1956 70 1961 - Continued

. RF burst Particle PCA Particle Flare-
Date il 1§x{e§zi¥y, 10 percent 220;2“’ Onse(trrtm' vegyer Svin;osx{x:xe" Tocation | ¥mp. | Start, | Max.,
Start | Max. 10'22w/m2-eps 107X J/mz-cps T ur

July 29, 1958| 0258 030k 2 000 15 oli50 I s whh | 3 0259 030k
Aug. 16, 1958[ o433 o39 5 800 300 0600 B,L,H,K k.0 x 107 st WwS0.| 3+ ok33 olho
Aug. 18, 1958 0805 0815 220 7 i N20 E50 | 2 0805 0820
Avg. 26, 1958] 0005 ook 5050 550 0330 B,D,H,K 1.1 X 108 w20 wsh | 3 0005 0027
Aug. 20, 1958 oOk2 ool3 1450 15 N6 E18 | 2+ ook2 0ohs
sep. 22, 1958] o739 Swnset 1400 B,L,H 6.0 x 16 519 whz | e+ | o738 0750
Oct. 21, 1958f 2323 2327 1 150 155 8ok we2 2+ 2318 2330
Dec. 11, 1958| 2350 2354 175 6 S03 wWos | 1 2355 2406
Dec. 23, 1958| 0534 0605 1020 54 515 E66 | 2+ 05k5 062l
Feb. 1, 1959] 0408 ohzz 550 6 me E83 | 3 0352 oliz3
Feb. 12, 1959} 2250 2313 ko 30 0800 B m3 8 [ 3 2301 2325
Mar. 14, 1959 0017 0032 [ 11 N23 ES6 | L¥ 0023 0051
Mar. 29, 1959| O746 0750 1 050 15 NL7 E37 2 o747 o7sh
Apr. 5, 1959 2318 2323 2 300 37 M6 w67 | 3+ 2316 2327
Mey 8, 1959] 2255 2257 2 850 31 Nel EB3 | o+ 2852 2257
May 10, 1959(>2200 Sunrise 0030(5/11) B,L.K 9.6 x 10° N18 EM7 | 3+ 2102 2140
May 13, 1959| os10 0513 570 5 Nzl E2h | e+ 0509 0515
May 17, 1959| 0143 oxk9 75 7 N20 W6 | 1 010 0110
May 17, 1959| 0523 0525 3 300 29 N20 W30 2+ 0523 0527
May 17, 1959) 0705 o707 1 280 10 Nal w30 [ 1 0700 0708
May 18, 1959( 0403 ool 1750 16 No logleal flare association
Mey 26, 1959 2347 2350 360 10 woz wik | 1+ | e8| a3s2
June 10, 1959| 02k5 o2y 2 250 25 No logicel flere association *
June 16, 1. 06: 0626 1100 16 mé E15 | 3 0618 0628
July 10, 1959) 0200 | 022k 6 300 515 0700 BBk 1.0 x 10% w0 E60 | 3+ | oecs 0230
July 1k, 1959) 0330 0356 6 000 1400 0730 B,L,K 1.3 % 109 N17_ EOM | 3+ 0325 0349
July 16, 1959 Sunrise 0000(7/17) B,E,K 9.1 x 108 N6 W3l | 3+ 211k 2132
Aug, 36, 1959| 0740 o748 %0 5 N5 W8 | 0709 o716
Aug. 28, 1959| cozh o118 890 8 w1 E7L | 1 0027 _ 08
Tov. 30, 1959| ozl 0252 1 750 4 08 EL6 | o+ 02hy 0250
Dec. 21, 1959| 0043 0050 335 13.5 S05 W55 | 2 ooh5 0055

®Last of PCA observers:

B = Bailey; I = Lewnbach; K = Kiruna; and H = Hakure & Goh
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TABLE IV.- COMPILATION OF NAGOYA (3750 Mc/sec) RF BURST PARAMETERS AND ASSOCIATED

SOLAR AND TERRESTIAL PHENOMENA FOR THE PERTOD 1956 TO 1961 - Concluded

A2 s, o | oo | Jwie | | e "

Dete uT antensity, 10 percent of pesk, o a P> 30 MeV’ Location Tup. Start, Max,|
Start | Max. 1P eps | 10785 /mBocps ur ur

Feb. 18, 1960 | 0053 0101 765 29 S2L E90 - o122 0125
Feb. 20, 1960 | 021k 0227 190 9 \[s20 m63 2 0235 0238
Mar. 29, 1960 | 0655 073k 3 250 915 0800 B,G N2 E30 2+ 0650 0710
Apr. 3, 3960 | 0522 052 395 6 10 W35 2 osh7 0548
Apr. 5, 1960 | oaho 0202 6 000 510 0700 B,L,K,G,VA 1.1 % 100 N1z W63 2 0215 o245
Apr. 28, 1060 | o116 0130 260 17 0230 B,L,K,G,VA 5.0 x 100 505 E3h 3 0130 0137
Apr. 29, 1960 | 9339 | O03ho us 51 0500 B,5,,G,VA 7.0 x 10° M we| 2% o7 0210
0356 o400 365 . 0boo

May 13, 1960 § 0517 0532 3 750 500 0730 B,L,G,VA 4.0 x 10° o wer| 3 0519 0532
June 10, 1960 | 0500 0510 300 5 3L w62 2 0506 0518
June 27, 1960 | ooos 0012 50 7 $07 E35 3 0002 0023,
June 27, 1960 | 2 olizz 400 7 N20 W19 2 .08 0430
June 29, 1960 | 0135 0148 840 23 2o W50 1 0125 0148
Aug. 7, 1960 | 0725 0729 610 17 N9 EBM 1 o7eh o7ls
Aug. 11, 1960 | 0202 0253 610 11 N1 E35 2 ‘| 0233 0255
Aug. 14, 1960 | osak 0518 1 40 b N22 WO6 2+ 0511 0525
Sep. 3, 1960 | 0039 .| 0105 12 000 160 0500 B,L,G,VA 3.5 x 107 M8 E88 2t 0037 0108
Sep. 4, 1960 | oo10 0028 280 8 N7 W90 1- 2348 0017
Sep. 19, 1960 | 0659 0703 320 7 518 E76 2 0659 0708
Sep. 26, 1960 | 0525 0539 1 680 108 1328 TG 2.0 x 10° 522 Wéh 1+ 0525 9537
Oct. 10, 1960 | 0708 o719 510 13 817 w23 2 0713 o722
Oct. 11, 1960 | 0520 0529 1 500 51 05-— TG S17 W36 2 0517 0535
Nov. 11, 1960 | 0315 03k5 3 hso 237 Ol G 8 Ere| a2 0305 0340
Tov. 1, 1960 | 0258 0355 300 663 20-- 7 G N27 W20 2¢ 0gl6 0304
Nov. 15, 1960 | o219 | oaze 11 600 780 o030 B,5,6,VA 7.2 x 10° nes wis| 3 0207 0221
July 17, 1961 | on8 0759 125 30 507 Wh5 2 o721 o736
July 28, 1961 | oze6 0235 %400 9 iz 138 2 | ozko 0248
Sep. 15, 1961 | 0030 0050 280 3 $15 Wiy hos 0031 ook
Sep. 28, 1961 | 2g12 2217 1 690 8 2330 B,L,N 6.0 x 20° Fuz 29| 3 2202 2223

®List of PCA observers: B = Bailey; L = Leinbach; G = Gregory; VA = Van Allen, F = Fichtel; and N = NASA.
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TABLE V.- OPTICAL DATA ASSOCIATED WITH PARTICLE EVENTS OCCURRING DURING THE PERIOD 1956 T0 1961

Particle Plage Plage Sunapot Sunspot Clusterang Flare Flare
Date flux area ‘brightness zurich meg. area of size location
type class. plages
10°
Feb, 23, 1956 1.0 x 10” 16 000 3.5 F,E ¥ 1734 - 1437 Yes 3 23 wéo
Suly 20, 1959 | 1.0 x 10° 11 000 3.0 H Y 1981 - 1h12 3+ N20 E6O
July b, 1950| 1.3 x 30° 12 000 3.0 H Y 1981 - 112 3+ 17 Eoh
Nov. 12, 1960 2.3 x 10° 8 000 4,0 F By 1775 No 3+ F2T Woh
18
nug. 29, 2057| 3.2 x 20 8 oo | 3.5 E ¥ 78 Ho 3 531 E33
Jan, 20, 1957| 2.0 x 205 9 000 | 3.0 i fp 557 No 3 530 W18
Mar, 23, 1958] 2.5 x 200 15 000 3.5 = fp 1539 - 1269 3+ 514 ET8
uly 7, 2958| 2.5 x 10° § 200 3.0 E fp 686 Yos 3+ W25 woB
Aug. 26, 1958 1.1 % 10a 9 000 3.5 E B, snd 8p 766 Yes 3 N20 W5k
May 10, 1959 9.6 x 100 19 000 3.5 E By 1552 - 9T No 3+ M8 ENT
July 16, 1959 9.1 % 105 12 o000 3.5 R Y 1981 - 1h12 No 3+ N6 W30
Judy 18, 1961 3.0 x 100 5 700 3.5 B By 1400 Yo, 34 SO7_ W59
Wov. 15, 1960 | 7.2 x 10 8 000 3.5 F 8y 175 No 3 N5 W35
207
lAug. 31, 1956 2.5 x 107 7 800 4o E Y 837 No 3 N15 $16
Juy 3, 3957] 2.0 x 207 7 000 3.5 H Y 500 No 3+ N0 Wh2
Oct. 20, 2957{ 5.0 x 207 14 200 3.5 F B 2373 No 3+ 526 w35
aug. 16, 19581 4.0 x 107 20 000 3.5 e By 935 Yes 3t 51k W50
hug, 22, 1958 | 7.0 x 207 6 400 3.5 E By 1192 o 3 N8 W10
Sep. 3, 1960| 3.5 x 107 10 000 3.5 800 o 2+ W8 588
Feb. 0, 2058| 1.1 x 107 18 000 .0 I ) 808 - 587 Yes 2¢ s12 Wil
[Nov. 20, 1060 | 4.5 x 207 8 000 3.5 F By 1775 No 2 N25 W90
July 12, 1961 1.0 x 107 5 700 3.5 By koo Yes 3 S07 E23
20
pug, 9, 2057] 1.5 x 10° 6 200 3.5 E Y 1092 - 845 Ko 1 533 WIT
sep. 21, 1957| 1.5 x 10° 5 500 k.0 B gy 4o1 Yes 3 N0 Wo§
sep. 22, 1958 | 6.0 x 20° 25 000 3.5 E 8p 1087 Yes 2 510 whe
Aug. 18, 1959 1.8 x 10° 6 800 3.5 B yeds 119 - 745 Yes 3+ me w33
apr. 1, 1960 5.0 x 10° 3 000 3.0 F 8y 1650 Yo 3 M2 wi
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TABLE V.- OPTICAL DATA ASSOCIATED WITH PARTICLE EVENTS OCCURRING DURING THE PERIOD 1956 TO 1961 - Concluded

Particie

Floge Plage Sunspot Sunspot Clustering Fiare Flare
Date Pl aren brightness surich mag. area of size location
type clsss. pleges
10°
lApre. 5, 1960 1.2 % 10° 3.0 F ¥ 1650 No 2 M2 W63
5.0 x 208 5 000 3.0 By <500 Vo 3 505 E34
7.0 x 10° 4 000 3.0 ! ke 850 2+ Nih w2l
6.0 « 10° 4 500 2.5 o 850 No 3 §13 Wwoo
4.0 x 30° 3 900 4.0 Bp <500 o 34 509 EOT
4.0 x 200 L 000 ) ¥ v 1800 No 3 N2g WY
2.0 x 20° 3 000 3.0 925 To 1+ S22 Wk
3.0 x20° 4 000 4.0 E By 400 3 .807_E32
buty 20, 3961] 5.0 x 205 5 600 3.5 5 By 1hoo 3 So7_wgo
fSep. 28, 1961 6.0 x 20° 3 600 3.0 [ <500 3 M3 E29
10°
June 13, 2959] 6.5 x 10° 9 000 3.5 Y 1111 - 856 Yes 3 N7 ES8
[Fan, 11, 1960 [ u.0 x 10° 3 500 2.5 B ap 515 No 3 - N2 E03
gune 1, 1960 | k.0 x 20° 8 000 3.5 fp <500 No 3+ fi29 E46
lhug. 13, 2960 6.0 x 100 13 000 3.5 7 8, 1100 Yo 2+ N2 26
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TABLE VI,- OPYICAL AND RF PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR

3750 Mc/sec RF BURSTS

Plage Plage Sunspot Flare Flare RF burst Predicted Pred:icted Actual
Date avea brightness ares. size location energy, event size event size event
21080720 RF criteria| span oriteria size
Feb, 1k, 1956 8 000 3.0 1563 2+ Ny E32 66 107 107
Feb. 23, 1956 16 000 3.5 173 - 1437 3 ¥23_ W0 g 10° 10° 1.0 x 207
Mar. 8, 1956 No flare patrol 5 10° 2
Mar. 10, 1956 6 000 3.0 = 2 | §16 E688 118 108 105 No
Mar, 17, 1956 Yo logtcall flare association 9 108 No_event
May 30, 1956 No logieall flare association 9 10 Mo _event
Nov. 17, 1956 8 goo 3.0 1866 - 1407 1 815 W15 11 100 " 1
Dec. 20, 1956 5 40g 3.5 W98 - 977 1 M2 Bl5 8 10° No_event
Dec. 29, 1956 5 500 ho 2089 - 1351 e N6 E50 26 107 20°
Jan., 5, 1957 No logical flare association 6 106 No event
| apr. 2, 3057 4 500 3.5 734 - 2o 2 516 25 107 10/
July 3, 2957 7.000 3.5 606 - 537 3+ Nk Wk 32 107 107 2.0 x 107
Mg, 20, 1957 5 000 3.5 175 - 629 1 N26 wWr1 10 206 10°
Aug. 30, 1957 No logical flare associstion . 6 105 Ho_event
ep, 6, 1057 37 000 3.0 - 8 2 2T 63, 1 10° No_event, :
| sep. "7, 2057 17 000 3.5 %EE - i by W5 g8 12 106 10° . .
Sep, 11, 1957 8 000 4.0 66h 3 W3 voz o1 207 “107
Sep, 19, 1957 uB 000 k.0 2122 3 N23 EQ2 12 - 106 106
Oct. 23, 1957 21 000 4.0 2480 - 2074 1+ 827 WIT 10 106 106
Nov. 22, 1957 T 000 k.o 706 - 381 2 N3 W26 8 105 No_event
Bec. 13, 1957 7.000 .0 w3k - 939 | 3 M5 E90 66 207 10°
Dec. 26, 1957 No logical flare association 16 108 No event
Feb. 12, 1958 Not availabl 1+ | 513 W56 8 .106 No event
Feb, 26, 1958 %3 500 2.5 646 -~ U60 2 | s18 wer 9 20° 106
Mor. 20, 1958 Wo_logical flare associsbion I 107 No event
| apr. 2, 2958 % 000 3.0 1992 - 1325 1+ g2l w3 6 108 No_event
| May * 5, 1958 10 000 3.0 2060 - 1332 3 818 W29 10 10 108
Juiy 7, 1958 % 200 3.0 686 3+ n2s wos 156 108 108 2.5 x 30°
July 29, 2958 20 000 3.0 682 - 364 3 sui vy 15 10 10 No estimate
ug, 16, 2958 10 000 3.5 1150 - 876 3¢ s1k_ws0 300 10° 108 4.0 x 30
Aug, 18, 1958 3 600 4.0 2463 - 1072 2 N20 E50 7 10° No_event
Aug. 20, 1958 6 500 3.5 1463 ~ 1072 o+ M6 E18 15 10 10°

BComplex grouping of plage regions; area given

15 for plage region associsted

with event.
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TABLE VI.~ OPTICAL AND RF PARAMETERS USED IN THE COMBINED FALSE ALARM

STUDY FOR 3750 Mc/sec RF BURSTS - Continued

Ploge Plage Sunspot Flare Flare RF burst Predacted Predacted Actual
Date area igh area size locatzon energy event size event size event
10_18w/m2-cps RF crateria span criteria size
Aug, 26, 1958 * %9 000 3.5 1463 - 1072 3 N20 Wk 550 10° 108 1.1 % 10
Sep, 22, 1958 15 000 3.5 1824 - 1289 2+ 519 whe Sunset - - 6.0 x 10°
Oct, 21, 1958 4 500 3.5 872 2+ S0k w2 155 108 207
Dec. 11, 1958 8 500 3.0 1318 - 720 2 503_wos 6 16° No event
bec. 23, 1958 9 000 3.5 1608 2+ 515 EGE 5y e 107
Feb. 3, 1959 13 000 3.0 500 3 w2 583 6 208 llo_event,
Feb. 12, 1959 6 300 3.0 106% - 866 3 N3 ELS 30 207 207 No_estimate
Mar, 3k, 1959 E‘ll 000 3.0 227k - 1732 1+ K23 ES6 11 106 :lO5
Mar. 29, 1959 12 000 3.5 746 - koo 2 M7 E37 15 16 20°
Apr. 5, 1950 ®10_000 3.0 746 - k9o 3+ M6 Wer 3 107 108
Moy 8, 1950 11 000 3.5 1552 - b7 ot Ner pe3 n 207 107
May 10, 1959 19 000 3.5 1552 - 947 3+ Ni8 EhT Sunrise - - 9.6 x 20°
May_ 13, 3950 17 000 3.5 1552 = QT 2+ N2l pob s 0% Mo event
May 17, 1950 ®17 00p 3.5 1552 - ot a- N20 w26 7 108 No_event,
May 17, 1950 17 000 3.5 1552 - oky o+ w20 W30 29 207 107
My 17, 2950 ®17 000 3.5 1552 - o7 2 21 W30 10 16° 10°
Moy 28, 1959 No logicel flare sssociation 16 106 No_event
May 26, 1959 ®2 100 3.5 72 - _399 1+ noz_wal 10 10 10°
June 10, 1950 No logical flare n 25 . 107 No event
June 16, 1959 9 000 3.5 un - 856 3 N6 ms 16 108 10
July 20, 1959 11 000 3.0 1981 - 12 3+ 20 _E60 515 10° 20° 2,0 x 107
July b, 1959 22 000 3.0 1981 - 1hp 3¢ NLT _Eoh . koo 107 107 1.3 x 100
July 16, 1959 12 000 3.5 1981 - 112 3+ W16 W3 Sunrase - - 9.1 x 10
Aug. 16, 2950 6 000 2.5 119 -_7hs 1+ ms_wig 15 10° 20°
Aug, 28, 1959 “3 00p 2.5 R 1 N1 ETL 86 20° 10°
Nov. 30, 1059 8 500 3.5 2623 - 1048 2¢ N8 E16 ), 107 107
Bec. 21, 1959 %2 60o 3.0 - 2 505 Wss 13.5 108 10°
Feb, 18, 1960 1 200 3.5 - 1 521590 29 107 No_event
Feb. 20, 1960 1 200 3.5 - 2 520 63 9 10 No event
Mer. 29 1060 3 000 3.5 1650 24 ma2_ E30 015 100 10° No estimate
Apr. 3, 1960 3 500 3.0 1650 2 ¥lo u3s 6 105 No event
PComplex groupang of plage reglons srea given 15 for plage region associated with event.
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TABLE VI.- OPTICAL AND RF PARAMETERS USED IN THE CCMBINED FALSE ALARM

STUDY FOR 3750 Mc/sec RF BURSTS - Concluded

Plage Plage Sunapot Flare Flare RF burst Predicted Predicted ‘Actual
Date area braghtness area size locataon energy event size event size event;
10780 /aPocps RF criteria span criteria size

Apr._ 5. 1060 500 3.0 1650 2 N2 u63 510 207 10° 1.1 % 10°
Apr., 28, 1960 5 000 3.0 <500 3 505 E3Y4 17 106 106 5.0 x 106
Apr. 29, 1960 4 000 3.0 850 2 Wb W 51 207 107 7.0 x 300
Moy 13, 1960 ¥ 000 3.0 1800 3 30 6T 500 20% 207 4.0 x 20°
June 10, 1960 6 000 3.0 - 2 n3L_ V62 s 10° No event
June 27, 1960 6 000 3.0 - 3 s07_E35 7 108 Mo _event
June 27, 1960 3 700 3.0 . 1+ w20 19 1 10° No_event
June 29, 1960 2 200 3.0 - 1 N20_WS0 23 107 20°
g, T, 1960 6 500 3.5 1100 1 N9 8L a7 10° 10°
Aug. 21, 1960 13 000 3.5 1100 2 N2y E35 n 10° 20°
Avg. 1k, 1960 11 000 3.5 1100 2+ 22 W06 1w 10° 105,
Sep. 3, 1960 10 000 3.5 800 o+ W8£B8 160 10° 107 3.5 x 107
| Bep. 4, 1960 Data not ava:lab: L - NLT W90 8 105‘ No event -
Sep. 19, 1960 6 000 3.0 - 2 518 ET6 1 10° No_event
Sep. 26, 1960 5 600 3.0 925 1 522 Wl 108 108 106 2.0 x 10°
Qct, 10, 1960 4 boo 3.0 = 1+ 817 w23 13 10° 100
Oct. 11, 1960 4 000 3.0 <500 2 517 w36 51 107 106 No estimate
Nov. 11, 1960 9 200 3.5 2775 2 W28 pi2 237 108 10° No_estinate
Nov. 14, 1960 8 000 3.5 1775 o 2T w20 663 107 107 Mo estimate
Nov. 15, 1960 8 goo 3.5 1775 3 Nes_ w35 780 10° 10° 7.2 % 10
July 37, 2961 5 600 3.5 2400 2 507 wis 30 107 106
July 28, 196 4 000 3.5 125 2 We w38 9 10° No event
Se 1 1961 D’G 800 3.0 950 1+ 815 11 3 105 No_event
Sep. 28,' 19%1 3 600 3.0 <500 3 N13 ER9 k8 107 3.0"> 6.0 x 106

®Complex grouping of plage regions, area given is for plage region associated with event.
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TABLE VII.- OPTICAL AND RF

PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR

2800 Mc/sec RF BURSTS

Plage Plege Sunepot Flere |  Flare RF burst Predicted ‘Predicted Actual
Date area  [braghtness area inp, location energy, event size event, size event
16" /a2 ops BP criteria  |span criteris size
June 18, 1955 6 000 .0 639 3 522 wpl i3 207 107
Tay 9, 1955 Yo flare dats available . 30 105 2
Feb. 16, 1956 %3 000 .0 173 - 337 2 Y20 E0B 60 107 10°
Feb. 19, 1956 218 000 3.5 2734 - 2kt 1 N5 w23 29 105 108
Mer. 13, 1956 10 000 3.5 1237 2 W21 ESO 1 106 10°
Mar. 15, 1956 %9 000 3.0 1089 2 N22 E21 43 10 10%
June 20, 3956 No flare data svailable 12 108 2
Sep. 17, 1656 ®17_500 3.5 361 2+ S20 _W1f 13 105 10
Nov, 13, 1956 4 000 3.5 81 - 465 2 W6 w0 13 10 20 Vo estimate
Dec. 26, 19%6 3 000 3.5 1002 2 s17_ Wi 132 107 10
Jan. 6, 1957 5 000 3.5 2089 - 1351 1o W6 W55 L2 107 No_event
fpr, 32, 2957 5 300 3.0 369 - 237 2 S5 W73 12 + 20° W event
Apr. 34, 1957 6 000 3.5 937 - 665 by 523 W28 ko 107 108
Apr. 16, 1957 9 000 3.0 1000 - 432 3 N30 E85 81 107 10"
Apr. 17, 1957 9 000 2.0 1000 - 432 3+ 120 E69 546 10° 1%
June 3, 1957 4 500 3.0 787 3 518 W8 17 10 10°
June 19, 2957 9 000 3.5 931 2 N2O EMS 3h 206 100 No estimate
July 35, 2957 No associable flare 12 108 Yo _event
July 16, 3957 1 200 2.5 69 =530 1 533 W 23 108 No_event
Jwly 20, 1957 No associable flare 1 10° Wo_event
July b, 1957 5 500 3.0 S0l 3 s _wer ol 207 107 Wio_estimate
Aug. 1, 1057 6 500 3.5 1092 - 845 1L 535 _E0b o0 206 10°
asg. 9, 1957 6 200 3.5 1002 - 845 1 833 WIT 27 1® 105 1.5 x 10°
Aug. 28, 1957 8 200 3.0 a7k 2+ 528 E30 10 108 10° Wo estimate
Aug, 31, 1957 8 000 3.5 1317 3 W25 wop 350 10° 100 Wo
Sep. 2, 1957 6 000 3.5 626 2 834 w36 30 108 10° ' No estimate
|sep. 3, 1957 15 000 3.5 591 3 Nes w30 51 207 107
Sep. 18, 1957 6 800 .5 2008 3+ N30 Eo2 I 107 107
Sep. 21, 1057 5 500 4.0 hoy 3 H10_W06 13 10 10° 1.5 x 20°
Sep. 26, 1957 19 500 3.0 232 3 Ne2 E15 25 105 10° lio_estimate
Oct. 20, 1957 b 200 3.5 2373 3¢ 526 W35 209 105 208 5.0 x 30
Jan. 15, 1958 9 000 3.5 786 2 513 W58 2 108 10°

BComplex

grouping of plage regaons; area given is for plage region associated with event.
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TABLE VIL.~ OPTICAL AND RF PARAMEWERS USED IN THE COMBINED FALSE ALARM SHUDY FOR

2800 Mc/ses KF BURSTS - Conanhued

Plage Ploge Sunspot Flare Fiare BF barst Fredicted Predicted Aotual
Date ares ord ares dmp. locabion energy, event s1ze event size event
10‘18w /me_cps RE erateris span erateris size
Tune_§, 1958 % 009 3.0 31 2t 518 569 35 10° 10°
June 28, 1958 12 0o 3.0 245 - 13k 1 526 Weo 32 1-85 No_event
July 30, 3958 19 080 3.0 495 - _go1 2 513 w6k 15 10° 10
Aug, 2, 1958 19 000 3.0 1795 - ooy 3. s w90 26 108 No_event
g, 22, 1958 6 koo 3.5 192 3 W8 Wo 192 10° 10! 7.0 x 307
Oct, 2h, 1958 7000 3.3 %33 2 50557 8 10° 16°
Dec, 31, 1958 8 500 3.0 1316 - Tio 2 502 EOD 1k Tt 10°
Deo, 12, 1958 10 900 3.5 1318 2 503 wWo8 20 10° 10°
Jam, 2L, 1959 7 500 3.5 1886 - W76 3 Wo 8 T 108 10°
Jan, 2b, 1959 2 0 3 - I 808 B2 12 10° 10°
Jan, 25, 1950 13 000 3.0 1400 - _ous 2 W8 W50 50 1ol 20°
Feb, 9, 3959 % 000 3.0 1064 - 866 2+ Hog ®8% 10 20° 20°
Mar. £2, 1950 8 500 .0 207h - 373 1+ ¥29 wso 12 10° 10® .
Apr. 3. 1958 b 000 3.3 513 - 26k 2 W0 _E8H 26 10 10
Moy 8, 1950 11000 3.5 NH 2t W21 83 59 16® 10°
May 10, 1959 19 000 3.5 1552 - okt 3¢ W8 BT 811 10° 10° 0.6 x 10°
Mey 11, 2050 17 500 3.5 15125 - &% 3 N10_Eu) 5 107 10
June_9, 1959 9 000 3.5 a1 - 856 2 w1 E90 a6 10° 10°
June 18, 1959 9 00g 3.5 a1 - 856 34 ¥6 W2 '} 10° 1%
July 9, 1959 12 000 3.5 2981 - 3422 2 M8 267 15 10° 10°
Juiy 9, 1959 12 000 3.5 1981 - mas 2 no EN8 30 106 100
July 16, 1959 12 009 3.5 1981 - iz 3+ ms iy 732 10% " 10° 9.1 %30
Aug, 31, 1050 7 500 3.0 01 - 536 1 o En 10 10° 10° :
Bec, 2, 1959 9 000 3.5 2620 - 2048 2+ 0T W16 u 1’ 30°
Dea, h, 1959 13 000 3.0 2620 - 1048 2t 06 Wik 26 10° 10°
Fan, 11, 1980 3 500 2.5 575 3 we2 E03 1 1® 10° .0 x 10°
Jan, 15, 1960 5 Q00 3.5 1150 2 520 WER 117 107 10° Fe estamate
Mav, 28, 1960 3 000 3:5 650 2 b E37 127 Y 20° i X
Max, 30, 1960 3 500 3.0 1650, 2 Hi2 E1} 160 1° 10° No_estimate
Apr._3. 1960 No assoeighle flare 18 brd :
May 1, 1960 4 500 2,5 850 [ 2 §13 190 6 207 10 6.0 % 10°
My 6, 1960 3 900 %0 <500 | 3+ 509 EOT 69 100 10 4.0 x 208

®Complex grouplng of plage regions, ares given is for plage region associated with even,
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TABLE VII.- OPTICAL AND RF PARAMETERS USED IN THE COMBINED FALSE ALARM STUDY FOR

2800 Mc/sec RF BURSTS ~ Concluded

Ploge Ploge Sunspot Flare Flare BF burst Predicted Predicted Actuel
Date area brightness area imp. location energy, event size event, size event
1067/ cps RF criteris span criterds size
June 25, 1060 2 500 3.5 - 3 w2l Eo§ %6 207 10° Mo estimate
June 27, 1960 2 500 3.5 - 3 nea w2y 17 108 10° No estimate
| Aug, 31, 1960 13 000 3.5 1100 2% Ne2 E26 26 108 10% 6.0 x 10°
Sep. 16, 1960 3 500 b.0 925 L se2 E67 185 10° 10°
oct. 23, 1960 3 500 3.0 1225 1+ 22 E90 2 10° 20%
Nov. 6, 1960 5 800 3.0 - 3 W3 507 20 108 10°
Nov. 12, 1060 8 000 k.0 1775 24 Nar_woh 606 107 107 2.3 x 107
Dee. 5, 1960 1500 3.5 = 3+ Ne6 ETh 23 206 108 No
Juiy 11, 196 4 000 bo . 1400 3 S07_E32 138 207 107 3,0 % 10°
July 12, 1961 8 700 3.5 2400 3 507_E23 88 10 107 %.0 x 307
July 15, 1961 ®5 700 3.5 1400 2 507 W20 36 10° 106 Mo estinate
July 20, 1961 5 600 3.5 2400 3 506 w0 ol 207 107 5.0 x 10
Sep. 10, 1961 6 000 3.5 1350 3 o8 w8o . o5 107 108 o estimate
Sep. 28, 1961 3 600 3.0 <500 3 M3 E29 36 10° 108 6.0 x 1
Nov. 10, 1961 2 200 3.0 - ™ W19 W50 B Tio_event Yo event Mo estimate

SComplex

grouping of plage regions, erea given is for plage region ussociated with event.
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Figure 1.- Integrated radio emission at 10 000 Mc/sec versus

integrated intensity of solar particles above 10 MeV at the
earth for various events.



PARTICLE FLUX >30 MeV
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Figure 2.~ Webber's 1ntegrated particle fluxes >30 MeV correlated
with 2800 Me/sec RF burst energies above qmet sun level.



PARTICLE FLUX >30 MeV
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Fagure 3.~ Combination of Webber and forward scatter particle
fluxes >30 MeV versus RF burst energies sbove the quiet sun.
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Figure k.- Obtawa burst showing base lines for constant flux

(50 x 10-221?/m2—cps}, 0.1 and 0.2 times pesk intensity sbove which
RF burst energies were determined for correlations.



PARTICLE FLUX >30 MeV
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Figure 5.- Webber's integrated particle fluxes >30 MeV correlated
wath 2800 Mc/see RF burst energies above a constant flux level
of 50 X 20”23 /n2-cps.

Nov, 12,
May 10,
Jul. 16,

Avg. 22,

Oct. 20,
Jul. 12,

May &,
Sep. 28,
Jul. 20,
May

Jul. 11,

Sep. 21,
hug. 9,

Aug. 11,

Jan, 11,

1960
1959
1959

1958

1957
1961

1960
1961
1961
1961

1957
1957

1960
1960

35



36

PARTICLE FLUX >30 MeV
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Figure 6.- Webber's integrated particle fluxes >30 MeV
correlated with 2800 Mc/sec RF burst energies above

a baseline of 10 percent of burst's peak flux intensity.
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PARTICLE FINX >30 MeV
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Figure 7.- Webber's integrated particle fluxes >30 MeV correlated
with 2800 Mc/sec RF burst energies shove a baseline of 20 percent:
of burst's peak flux intensity.
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Fagure 8.- Webber's particle fluxes >30 MeV versus

associated 2800 Me/sec RF burst peak fluxes.
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PARTICIE FLUX >30 MeV
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Figure 9.- Webber's partacle fluxes >30 MeV versus duration

of assocaated RF burst durations in minutes.
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Fagure 10.- Webber's integrated particle fluxes
>30 MeV correlated wth the ratic-of RF burst
energy above quiet sun to RF burst duration in

minutes.
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Fagure 12.- Number of partacle events versus heliographic position.

{Webber, Bailey, Gregory, Leinbach, Van Allen, Data)
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Figure ‘13.- Number of particle events versus heliographlc position.
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WITH DELAY TIME >1 HOUR

WITH PELAY TIME <1 HOUR
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2) Number of particle events with onset times more than an hour
after optacal flere maximum versus flare longitude.

b) Number of particle events with onset times less than an hour
after optical flare maximum versus flare longatude.
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Figure M, - Iongitudinal dastribution of‘PCA flares catergorized according
to particle tramsat time. (<1 hour and >1 hour
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NUMBER OF EVENTS

WITH DELAY TIME >2 HOURS

WITH DELAY TIME <2 HOURS

2) Number of particle events with onset times two or more hours
after optical flare maximum versus flare longitude.

b) Number of events with onset times waithin two hours of flare
maximum versus flare longitude.
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Figure 15, Iongitudinal distribution 6f PCA flares catergorized according
‘to parbicle ftransit time, (<2 howrs and >2 hours)
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Figure 16.- Longitudinal distribution of PCA flares catergorized according
%o particle transit time, (<3 hours and >3 hours)

-after optical flare meximum versus flare longitude.
b) Number of events with onset times within three hours of flare
. maxamum versus flare longitude.
. . H
0 70 50 50 10 - 10 0 50 70 W90



by

WMBER OF EVENTS

WITH TIME DELAY >4 BOURS

"WITH TIMNE DELAY <4 HOURS

a) Nurber of particle events with onset times four or more hours
after opticel flare maximum versus flare longitude.

il

b) Nusber of events with onset times within four hours of flare
maximum versus flare longitude.
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Figure 17.- Longitudinal distribution of FCA flares catergorized according
to particle transit time, (<h hours and >% hours)
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Figure 18.- Webber's integrated particle fluxes 30 MeV
correlated with 2800 Mc/sec RF burst energies sbove 2
baseline of 10 percent of burst's peak flux intensity.
The line drewn 15 an envelope curve and parallel to the
least square fit used in figure 6.
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. Figure 19.~ Uebber particle fluxes >30 HeV versus Nagoya

{3750 Hc/sec) BF burst energies shove 10 percent of peak
flux shown with an envelope curve drawn parallel to the
1east square Tit for Ottawa R burst energies above 10 per-
cent of pesk flux {fig. 6).
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