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Chapter I

INTRODUCTION

1.1 The Scope of the Project

The purpose of this research contract was to study the mor-
phology and characteristics of solar radio emission in t e
centimeter range, and in particular near 4 cm, prior anc¢ during
flare events. In order to »btain radio data on flare activity,
it is necessary to spend long periods of time observing solar
active regions where the flares occur. During the years 1973,
1974, and 1975 we logjed more than 330 hours of observations and
many more hours plotting and znalyzing the data obtained.

The study of solar flares is based not only on »ure
scientific interest, but also on practical considerations. Solar
flares produce significant changes in the terrestrial en' ironment
ranging from variations in tle ozone layer to disruptior: of
telecommunications, and from geomagnetic disturbances to hazardous
conditions for astronauts in space. To understand the conditions
which generate major solar flares and to gain some insight in the
forecast. ng of solar activity, it is important to study the active
regions where the flares o:cur and to try to build a library of
active region behavior prior to a flare event.

These studies were carried out using the NEROC 120 ft.
Haystack antenna in Westford, Massachusetts, which i:: one of the

major national facilities for radio astronomical research. The

e




unique features of the Haystack antenna include the following:
At wavelengths close to 4 cm it can record both left and right
circularly polarized emission. It has a time resoluticn better
than one second. It has excellent poiﬁting accuracy (a few
arc sec). It can perform automatically many intricate scanning
procedures. The greatest disacvantage of the Haystack antenna
is the fact that at 4 cm it has a beam width of about 4 arc min.
This is too broad for studies cf the d:tailed s‘“ructure of active
regions, but is sufficient for studying the overall behavi>r of
active regions prior and during flare cvents, which was ar tually
the main objective of our research.

The duration of this contract effort covered the period

from 1 July 1975 through 30 September 1977.

1.2. Observations and Data

The dates and times of observations during the year 1975
are listed in Table I. In addition we have listed in Table I
the observing dates and times during the years 1973 and 1974.
These observations were conducted under the previous Research
Contract (F 19628-73-C-0058) but the analysis of the data ob-
tained was continued under the present contract and s;ome of tle

results are included in this Final Report.

At bt hil e e




TABLE I
1973 1974 1975
Date Times (UT) Date Times (UT) Date Times (UT)
13 MAR 1900-2250 5 JUN 1940-2210 23 JUN 1610-1910
14 MAR 1940-2200 6 JUN 1710-2100 24 JuN 1320-1900
: 19 MAR 1940-2150 7 JUN 1700-2100 25 JUN 1320-1850
25 MAY 1430-2050 8 JUN 1650-2110 04 AUG 1410-1950
28 JUN 1550-2110 9 JUN 1300-1910 05 AUG 1430-2000
29 JUN 1210-1700 12 JUL 1440-1950 06 AUG 1410- 950
30 JUN 1:.50-2040 13 JuL 1310-1910 07 AUG 1420-.:000
1 JUL 1050-1700 14 JUL 1320-2040 08 AUG 1640-2000
4 JUL 1270-180 15 JUL 1410-2020 09 AUG 1350-2050
5 JuL 1200-1650 17 JUL 1400-2020 10 AUG 1340-2030
7 JUL 1230-1820 18 JUL 1330-1950 21 AUG 1320-2010 ;
8 JUL 1200-1840 20 JUL 1320-1900 23 AUG 1310-1940 ‘
11 JUL 1410-1900 21 JUL 1320-1910 31 AUG 1400-1800
12 JUuL 1310-1720 18 SEP 1350-1910 01 SEP 1220-1930
14 JuL 1100-1800 19 SEP 1250-1900 08 NOV 1240-2050
15 JuL 1200-1800 20 SEP 1310-1850 09 NOV 1240-2030
17 JuL 1530-1910 21 SEP 1310-2040 10 NOV 1230-2000
18 JUuL 1520-2000 22 SEP 1300-..840
21 JuL 1240-1810 23 SEP 1320-1850
22 JUL 1250-1800 24 SEP 1320-1900
26 JUL 15301850 25 SEP 1320-1850

26 SEP 1310-1850
27 SEP 1310-1910

28 SEP 1310-1930
29 SEP 1320-1900

; Total 92.5 HRS Total 137.8 HRS Total 101.8 HRS
2,1]




1.3 The Haystack-Westford Interferometer

During the summer of 1976 a combined proposal was subnitted
to the Haystack Observatory by Boston University, Tufts University,
and AF3L, t» reactivate the Haystack-Westford interferometer for
solar work. At a wvavelength of 3.75 cm, this interferometer can
achieve an angular resolution of 5-10 arc sec, which is comparable
to the angular resolution of the NRAO interferometer. It is
capable also of achieving time resolution better than 1 sec,
which is superior to the 30 sec capability of NRAO and the 8 sec
of OVRO.

It was proposed to ca ‘ry out the project in three Phases.

In Phase 1 we were to use :he Westford dish as a ' ingle antenna.
Two days were allocated to us in the fall of 1976 and during those
two days we became familiar with the somewhat antiquated but still
operable driving mechanisms of the Westford antenna. The test
showed that the tracking ability of the Westford antenna was more
than adequate for our purposes. In Phase 2 we were to use the
Haystack and the Westford antennas together in an interf:rometer
mode. This test was carried out on January 19, 1977, and though
in principle was successful, it showed that the high t .me
resolution of the system could not be realized fcr rel :itively

weak eveats due to the narrow nandwidth of the system. Phase 3
was to follow the previous two, assuming that the results cf 1

and 2 had been encouraging, arnd was supposed to include one to two
weeks of actial solar interferometric observations. The rasults
of Phase 2, however, irdicated that at the precent state of the

system and the prevailing low level of solar activity the experi-
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ment did nct hold any great expectations of success. It has
been postponed, therefore, until a time closer to solar maximum

with the hope that, in the meantime, funds will become aivailable

to increase the bandwidth of the system.

1.4 Personnel

The people involved in the two years of this project were:

a. Professor Michael D. Fapagiannis, the Chairman ¢ £ the
Astronomy Department of Boston University who is also th Princi-
ral Investigator of this Research Contract. Professor P.ipagiannis
receives only summer compensation from this contract but spends
also a substantial amount of his time during the academic year
conducting or supervising research work under this contract.

b. Dr. Fred Wefer, a Post-Doctoril Research Associate of
the Department of Astronomy of Boston Jniversity. Dr. Wefer is
paid full time by this contract and devotes all his time on this
project. He joined our group on 1 September 1976, and his presense
has given great impetus to our research efforts.

c. Mr. Morgan Besson, a graduate student of the Astronomy
Department. He worked for one year, September 1975 to August 1976,
on this project and was quite 'elpful vith some of the 1975
observations as well as with s ibsequent data analysis.

d. Mr. Robert Rose, also a graduate student of the Astronomy

Department. He worked during the summer of 1976 and was primarily

involved in data analysis.




3.5 Publications

During the period covered by this contract the following
papers, reports, and abstracts in meetings were published:

a. Study of a Filament with a Circuleérly Polarized Beam at 3.8 cm.

o R.M. Straka, 1.D. Papagiannis, and J.A. Kogut. Solar Physics,
45, 131, 1975.

b. A Simple Derivation of Microwave Solar Brightness Temperatures
| and Polarizations from Th:rmal Regions. M.D. apagiannis, and
. J.A. Kogut. Solar Physics, 48, 49, 1976.

c. Polarization Studies at 3.8 cm of McMath Region 12417 of 1973.
M.D. Papagiannis, and R.M. Straka. AFGL-TR-77-0115, May 1977.

d. Analysis of Solar Active Region 158/73. M.D. Papagiannis,
R.M. Straka, and J.A. Kogut. 147th Meeting of AAS, Chicago,
Illinois. December, 1975. Bull. AAS, 7, 523, 1975.

e. So.ar Radio Maps at Five Wavelengths in the Prasence of a

Large Coronal Hole. F.L. Wefer, M.D. Papagiannis, R.M. Straka
and M.P. Bleiweiss. Topical Conference on Solar and Inter-

planetary Physics, Tuscon, Arizona, January 1977.

1.6 Scientific Content of the Report

The following three Chapters of =-his Final Report summ:rize
the work carried out under this Research Contract. This in :ludes
also the analysis of data obtained during the previous rese irch
contract, which are now presented in a uniform manner toge her
with the data of the p:esent contract. Chapters II, III, and

IV contain the fo lowing material:




a. Chapter II begins with a description of the techn:ques used
to obtain and plot solar maps and includes a total of 40

j solar maps (10 for 1973, 19 for 1974, and 11 for 1975). For
each ccse there are two maps. One for the total brightness tem-
peratureTa=¥Tr+T2) scaled to a base of 100 for a quiet region
on the solar disk, and the other giving the polarization in
the form of right circular minus left circular (Tr—Tz).

b. Chapter III begins with an introduction, followed by a

| comprehensive listing of all the active regions monitored

during our 332 hours of observations. It includes also
plots of 22 selected flare events as a function of time.
These plots are of significant irterest not only because

they show the time development of a flare ~=vent, both in

terms of brightness temperature and polarization, but also
because they indicate the conditions which prevailed in an
active region during the hours before the erruption of a
flare.

c. Chapter IV presents the conclusions drawn fron the obser-
vations and the subsequent analysis of the data. Tt includes
also some suqggestions for the future based on the information

obtained from the work of this Research Contract.
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Chapter II

FULL DISK SOLAR RADIO MAPS

2.1 Introduction

The first contour maps of circularly polarized radio
emission from the Sun were made by Edelson,et al. (1971). These
observations were made at wavelengths of 9 and 3.5 mm with an
antenna having half power beam widths of 3.5 and 1.2 arc min,
respectively Kundu and McCullough (1972) have also mcde
maps of solar polarization at 9.5 mm with an antenna having a
half power beam width of 1.6 arc min. Maps of solar polarization
at 3.8 cm made with the 120 ft. Haystack antenna were first
published by Richarids and Straka (1971). The equipment and ob-

servational techniqies have been presented by Richards (1972).

2.2 Observational Techniques

During 1973, 1974, and 1975 we performed more than 330
hours of solar polarization observations with the NEROC Haystack radio
telescope at a wavelength of 2.8 ecm. The antenna used for
the observations was a 36.6 m (120 ft.) diameter circular
paraboloid on a computer controlled altitude-azimuth mount.
At 3.8 cm (7.875 GHz) the half power beam width is 4.4 arc min.
The receiver system employed was the one used for p. anetary radar
experiments at Haystack. The aitenna temperatures of left and
right circular polarization (T2 and Tr) at 7.875 GHz are

measured in a rapidly switching sequence, using a waveguide
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hybrid to synthesize the polarizations from the two orthogoral
linear feeds of the antenna. The bandwidth of the receiver
system was 6.67 MHz.

A reference temperature or the quiet sun was established
by pointing the antenna close to the north or the south pole
of the sun, denending on which hemisphere was quieter. The
declination offset of this calibration region from the center
of the sun was $0°238 which placed the center of the antenna
beam less than half & beam width inside the northern or southern
limb of the sun. During the 1974 and 1975 observing sessions,
this declination offseot was changed to #09202 which placed the
entire beam clearly inside the solar disk and the center of the
beam better than half a beam width from the limb of the sun.

A temperature value of 100 was taken to represent the
difference between the solar emission from the quiet region
near the polar limb mentioned above, and the emission from the
background sky at an offset from 1he sun's center of 5°
azimuth/cos (elevation), which corresponds to a distance of
about 20 solar radii from the center of the solar disk. The
antenna temperature of an active region is by definition equil
to one half the sum of the antenna temperatures of the left and

right circular polarized components.

Ll
Ta = -2-(['r + Tz) (1)
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Typical '1'r and T2 values observed in active regions were

150-300, i.e., 1.5 to 3 times the value of the quiet sun. On

a few occasions, however, we observed temperatures in excess of
500, i.e., more than 5 times the temperature of the quiet sun. ’
These values, of course, include a dilution effect produced by
the antenna beam which in general is considerably larger than
the hot active region.

The uncertainty AT in the antenna temperature “a is

given by the expression

i T + T
a S
AT

]

TAV (2)

where T is the system temperature, Av the bandwidth, and Tt the

time constant of the observations. For our observations we had

T ~ 18,000 K
P ~  2.000 K

S

Av~ 6.7 x 10° Hz

B usec

2

In the value of 1, 0.3 seconds is the time constant of the
receiver which is divided by 2 because of the switching between

the two polarizations. Introducing the values of (3) into Eq.

(2) we obtain
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T O
AT = =2 = 20°1; (4)
1000

The antenna voltage measured at Haystack is digitized into
steps of 1 milliVolt. The calibration voltage Vc, which was
used for the reference temperature of the quiet region near the
pole of the sun, was usually set equal to 0.15 Volts, so as to
allow a large linear scale (up to 10 Volts) for major flare
events. This meant that the temperature resolution was 1/150

of the quiet region temperature (150 x 1mv=0.1l5V) i.e.,

AT = 2- = 120°K (5)

From the alhove it follows that AT from (5) is much larger than the
theoretical limit from (4), but it was dictated by the need
to have available a large voltage range in order to be able
to follow sudden large increases in the antenna voltage during
major flare cvents. Under quiet conditions, however, this is a
disadvantage because it (uantizes the reference scale of 100
for the quiet regions in steps of approximately six times the
theoretical limit. Tt is advisable, therefore, when detailed
maps of quiet solar regions are made, to increase Vc to a
level of about 1 Volt.

Each day's observations began with the making of a map of
the sun in order to determine the locations of the ac:ive
regions to be observecd. Some of these maps covered only the

declination range in which the active recions were known :o0 reside.




On most occasions, however, the map covered the entire sun. It
is these full disk solar maps with which we will deal in this
Chapter.

The data for a map were collected by directing the telescope
to perform a boustrophedonic raster with lines perpendicular
to celestial north-south. The 20 lines >f a map were spaced
2.2 arc min apart in declination, each line spanning 1?1 in
right ascension. The sampling rate was 0.6 s, with each scan
line taking 72 s. Hence, the spacing in right ascension between
sampling points was 0.55 arc min. The completion of the data

acquisition for a map required 24 min.

2.3 Data Reduction

The first step in the data reduction process was the
determination of the interval in Right Ascension which would
result in a square grid of 20 rows and 39 columns. Antenna
temperatures were determined at these point:s along the scan
line by 4 point Lagrangian interpolation using the twc nearest
points on each side of the desired position. The result is a
grid of points with a 2.2 arc min spacing N-S and 1.1 arc min
spacing E-W, i.e., a square 41.8 arc min on each side.

In normalizing the 3.8 cm-A maps we have adopted a
technique similar to that used by Kundu and McCullcugh (:972).
We have assumed that the sum of the grid of antenna temperatures
is proportional to the 8.8 GHz solar flux density as given in

Solar-Geophysical Data, while the sum of the polarizations is zero.




Mathematically, the ormalization may bc written:

| T (1,3) = p Ty (i,3)
. i,j3) = ' .
Tr(lc]) a Tr(i,j) (6) _
A
We assume:
39 20
T z [T _(i,j) + T,(i,j)] = K S(8.8 GHz) (7)
. ; r '}
i=l  j=1
and
39 20
BB T bl ol = 0 (8)
i=1l =1

where: Ti(i,j)

antenna temp erature (left circular pol:rizat .on)

at grid point (i,j),

= normalized antenna temperature (left circular

(=
)
-
P.
-
.
N
I

polarization) at grid point (i,j),

T;(i,j) and Tr(i,j) have the same meanings for right

circular polarization,
S(8.8 GHz) = 8.8 GHz solar flux density,

p and q are normalization factors and K is a proportion-
ality constant.

Solving for p and q gives:

ﬁu p s K S(8.8 GHz) K S(8.8 GHz)
2 b Tk(i,j) 2 IT Tr(i,j) (9)

Anqnmiiﬁhﬂii
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The proportiona'ity constant K was chosen so as .0 male
the normalized antenna temperature of the central dick guict
area approximately 100. In practice the two normalizatior
factors are nearly ecqual, indicating that the original radio-
meter calibrations were of adequate .iccuracy. Two types of
3.8 cm radioheliograms are presented in this report: Ta =
0.5 (Tr+T£) and P = (Tr-Tz). All of these maps are plotted

from the normalized data.

2.4 Contour Maps

The computer program used to contour the map grilis was
adapted from the program used at the La Posta Astrogeophysical
Observatory. In traversing the map grid at a particular contour
level, "hiudh ground" is kept always on the right. Ambiguities,
such as thcse that occur at saddle points, are resolved by the
program always attempting first to mak: a right turn. Linear
interpolation is used in deternining where along a row or
column the contour level crosses. These points are connected
sequentially by straight line segments. In order to aake the
direction of decreasing temperature readily apparent, short
tic marks are placed on the low side of the contour level at
the mic-point of each line segment.

The interval between cortours is not constant on these

maps. Tlather, it is variec using larger intervals where the
temperai ure gradient is high. The smallest contour intervals
appear where the surface is most flat. Contour labels are in

units of percent of the central disk quiet area temperature.




Because not all of the contours are labelled, we state here

the levels at which contours are drawn. On the temperature
maps, the contoured levels are: 50, 60, 70, 80, 90, 95, 98,
100, l02, 105, 110, 120, 130, 140, 150, 170, 190, 210, 230, ...
On the polarization maps, the contoured levels are 0, %5, %10,
+15, *20, +30, *40, ...

At the bottom of each plot are listed the universal time at
the start of data acquisition, the date, and the radio wavelength
of the observation. The area covered by the data is enclosed in
a box. Tie scale of each plot is shown at the lower left-hand
corner of this box by the 1.0 arc min square and three additional
tics at 1.0 arc min intervals along both the horizontal anc verti-
cal directions. A circle, corresponding to the photospheric disk
on the date of the map, is also plotted and the locetion of the
rotation axis is shown. Table II lists the dates and starting
times for the 40 full disk radio maps cb>tained during the 1973,
1974, and 1975 observing programs. Because the weather during
the obscrvations affects the quality of the maps, we have included

a brief lescription of it in this table.
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TABLE II

Dates and :imes of 3.8 cm wavelength full disk antenna temper-

ature and polarization radioheliograms.

Starting Weat her

Date Time (UT) Comm:nts
13 March 1973 20:25 Cleorx :
25 May 1973 14:27 Cloudy
25 May 1973 20:25 Cloudy ?
28 June 1973 16:04 Cirrus !
29 June 1973 13:17 Rain (
30 June 1973 11:52 Rain
01 July 1973 11:03 Cloudy
14 July 1973 13:37 Ptly Cldy
14 July 1973 £7:33 Ptly Cldy
21 July 1973 17:21 Rain
12 July 1974 14:57 Clear
13 July 1974 13:37 Ptly Cldy j
14 July 1974 13:39 Clear
15 July 1974 14:22 Cirrus
17 July 1974 14:03 Clear
18 July 1974 13:54 Cloudy
20 July 1974 13:32 P:ly Cidy
21 July 1974 13:44 Ptly Cidy
18 Sept. 1974 14:01 Clear
19 Sept. 1974 13:02 Cloudy
20 Sept. 1974 3:15 Cloudy
21 Sept. 1974 13:23 Rain
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TABLE II (continued)

Starting Weather
Date Time (UT) Conditions
22 Sept. 1974 13:13 Clear
23 Sept. 1974 13:28 Clear
24 Sept. 1974 13:26 Clear
25 Sept. 1974 13:22 Ptlv Cldyv
26 Sept. 1974 13:24 Cloudy
8 Sept. 1974 13:14 Fog, Cldy
29 Sept. 1974 13:27 Fog, Cldy
24 June 1975 13:43 Clear
24 June 1975 18:07 Clear
25 June 1975 13:28 Clear
21 August 1975 12:29 Clear
23 August 1975 13:10 Clear
23 August 1975 19:21 Clear
31 August 1975 14:14 %
01 Sept. 1975 12:52 Clear
08 Nov. 1975 13:18 Rain
09 Nov. 1975 13:08 Clear
10 Tov. 1975 13:12 Fog, Cldy
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Chapter III

MONITORING OF ACTIVE REGIONS

3.1 Observational Technigues

The full disk solar radio maps presented in the pr=ceed’ng
section were used to obtain the genercl locations of the act.ve
regions. A smaller raster scan of the area occupied by the active
regions was next executed in order to determine the locaticn
more accurately. The campliig and scanning rates for this

"partial map" of the sur. were the sam=2 as those for the ful . disk
map; however, the separation of the scan lines was reducec to
0.733 arc min (1/6 HPBW). Using such a partial map,the Declina-
tion off-set (Dec. active region - Dec. center sun) of the peak
antenna temperature of an active region could be estimated to
within about 0.5 arc min.

When the DEC offset for an active region of interest was

determined, a right ascersion drift scan at this declination was
carried out. In this scan the antenra is moved ahead of the cen-
ter of the sun by 0.4 degrees in rigtt ascension and he d station-
ary. 'he sun then drifts slowly through the antenna beam.
The scin across the visible disk of the sun takes about two
minutes and successive sample points are taken a»-proximately
every 0.15 arc min. in right ascension.

By 10ting the right ascension of the peak temperature

during the drift scan and comparing it with the right aricensionn




of the center of the sun for the same instant of time, we were
able to cetermine the RA offset of the peak of the active
region. The antenna was then set to execute a declination

scan at the RA offset of the peak of the active region. This
allowed us to determine more accurately the declination of the
peak of the active region and hence its DEC offset from the
center of the sun.

The RA and DIC offsets of the pecak of the activ: region
were then entered into the computer, and the antenna would lock
onto this reg.on and track it as the sun moved across the sky.
The integraticn time for each sample point during these long
monitoring periods, which often lasted several hurs, was .n-
creased to three seconds to conserve computer tape and print-
out paper.

While making observations at Haystack, we were in
cortinuous contact with the Sajamore Hill Observatory of AFGL
which in turn received conti.uously updated informatior from
the USAF Astrogeophysical Teletype Network (ATN), on t e size,
structure, and location of solar active regions. If we were
informed at the beginning of our observations that a particular

active region was likely to produce a flare, we would s :.ip the

full disk solar map and go directly to the partial map 1ising the

previous day's positions to set up the smaller scan.
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2.2 Data eduction

The first step in the date¢ rcuuction process was to prepare
a list of 111 the active regions which had been nonitored for
flare activity during the three observing seasons. The complete
list is shown in Table III which gives the date of record,
the startiig time in UT, :he SFC number for the active region,

th:» McMath plage region nimber, the time interval between data

po .nts (SSP) which is usually 3 sec., the duration of the monitoring

in minutes, the weather conditions, the Right Ascension an!
Declination offsets of the active reg on from the center c : the
solar dis! (degrees), and finally whe her any flare activi:y
occurred curing the monitoring period.

Computer line printer plots were made for each monit: ring
period. These preliminary plots showel the variation wit : time

of T, T,, T , and %P, where
r % a

G TR T - TSL
T, = —> 8P = 100 x - -
. e (10)

and were 1sed to find the monitorinc veriods that show ‘d any sians
of solar activity. They were used to establish the maximum anc
minimum values of Ta and %P during the flare episodes. Plots

were made then ¢f the monitoring intervals which showed flare
activity. 1In these final figres, for purposes of clarity, we
plotted only the Ta and %P values. Tie %P scale, at the rig't side
of the figures, was kept the same in 11l plots varying only the
ma: imum and minimum values so s to accomodate the particul ir event.
The Ta scale, on the other hand, was changed from plct to ° lot to
accommodat> the substantial variations in flare activity t at

were observed.
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Finally from these long plots, some of them several feet
long, we chose 30 minute segments which included the most impor-
tant events observed and wnaich could be demonstrated in the
space of a normal 8.5" x 11.0" page. These are shown in th:

figures that follow.

3.3 Selected Flare¢ Events

A total of 22 flare events were selected for the special ard

diverse rfeatures which they display in the behavior of T and

<

$P. A brief description of these 22 events is given below:

FIGURE 3.1. 25 May 1973. Starting time 18:56:00 UT, McMath

357. Weather: cloudy. A small event where an increase of
approximately 10% in Ta was not accompanied by any detectable
change in %P.

FIGURE 3.2. 28 June 1973. Starting time 17:32:00 UT, McMath

397. Weather: high overcast. A small event with a very sharp
commencement where the %P shows also some small changes during
the initial spikes of the flare event.

FIGURE 3.3. 28 June 1972. Starting time 18:44:00 UT, McMata

397. Weather: high overcast. A small event with a relatively
gradual rise and no detectable change in $%P.

FIGURE 3.4. 29 June 1973. Starting time 16:31:07 UT, McMath

417. Weather: cloudy and light rain. A small event in a
relatively strongly polarized active region. The sharp drop in

Ta after the event might be the result of we:ther conditions.

The oscillations in both Ta aid %P are due to antenna tracking




difficulties which occur when the antenna is pointing in a 1
specific direction. This usually occurred near solar transit.

FIGURE 3.5. 7 July 1973. Starting time 15:49:00 UT, McM th

427. Weather: clear. A strong and most interesting event witl.
three distinct spikes in Ta and corresponding spikes in %P.

The interesting observation in this event is that while the
first two spikes of Ta produced a decrease in %P, the third

and largest of the three ¢pikes in '1‘a produced a reversal

in %P which changed towarcs larger values. It is also to be
noticed that no characteristic variations in either Ta or %P
occurred before this event which could be interpreted as a
forecaster of the flare event.

FIGURE 3.6. 12 July 1973. Starting time 15:03:00 U7, McMath

417. Weather: partly cloudy. A rather small event with an
almost one to one correspondece between the changes recorded in
Ta and %P. Some activity morc nn*’ ‘le in %P 10-15 minutes
before the event could be taken as a precursor. It is interesting

that Ta showed little change during vhat could have been a

|
precursor in $%P. |
|

FIGURE 3.7. 7 June 1974. Starting time 19:54:00 UT, McMath

|
972. Weather: sunny with cirrus clouds. A small event with a é
|
slow rise in Ta and an even slower change in %P. |

FIGURE 3.8. 13 Tuly 1974. Starting time 14:29:00 UT, McMath

057. Weather: partly cloudv. A small event with a parallel |
behavior in Ta and %P which (emonstrate the same featurecs. Before

the event Ta was cuiet while the %P showed some signific nt

fluctuations.
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FIGURE 3.9. 21 July 1974. Starting time 15:16:00 UT, McMath
088(?). Weather: wartly cloudy. A small event with very
swumilar behavior in Ta and in “P. It is interesting that in
this case Ta showed first a sl.cght increase followed by a sub-
stantial decrease before the event, while %P showed no c rres-
ponding change.

FIGURE 3.10. 21 July 1974. Starting time 17:13:00 UT. McMathn

088 (?). Weather: partlv cloudy. A substantial event with a
large spike of short duration (less than ona minute) in both

Ta and %P. A smaller event followed aoproximately 12 minutes
after the large spike, which occurred 105 minutes af er the
event of F gure 3.9.

FIGURF 3.11. 18 September 1974. Starting time 15:33:00 UT.
McMath 225. Weather: clear. A small event with corresponding
features in Ta and %P. It is interesting that whil: the &P
shows substantial fluctuations before the even-:, Ta shows no
significant changes before the event.

FIGURE 3.12. 18 September 1974. Starting time 16:48:00 UT.

McMath 225. Weather: clear. A much larger event which occurred :
in the same active region approximately 72 minutes after tie

smaller event shown in Figure 3.11. While the earlier smaller

event produced a substantial enhancement of the negative polar-

ization of the active region, the much larger increase in 13

seen in this fiaure produced essentially no chanae in &P.
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FIGURE 3.13. 21 September 1974. Startina time 16:51:n0 UT.

McMath 225. Weather: cloudv with some rain. An interestina
event with a close correlation between the features seen in
T and %P.

a

FIGURE 3.14. 21 Sepntember 1974. Starting time 18:01:00 UT.

McMath 225. Weather: cloudv with some rain. A large event in
which Ta increased by nearly 2.5 times. The neak value of the
bPrightness temmerature was close to 9 times higher than the
background temperature of the solar disk. The %P showed a
similar major decrease chanaing from about -9% to -33%. This
change in %P was so large that in order to maintain the same
scale in %P, we had to plot at the top of the diagram the segment
of the %P which would have ¢»one beyond the lower boundar' of the
“igure. This major event occurred approximately 75 minu :es after
the smaller event shown in Fijure 3.13.

FIGURE 3.15. 21 September 12 ‘4. Starting time 19:27: 2 UT.

McMath 225. Weather: cloudy with some rain. A relatively small

event with a significant change in %P. This event followec

the large one plotted in Figure 3.14 by approximately 97 minutes.

It should be noted that this active region remained in a state of

high activity during the entire day showing continous fl ctuations
both in Ta and in %P with several flares.

FIGURE 3.16. 6 August 1975. Starting time 16:03:00 UT. McMath

786. Weather: nmpartly cloudy. A rather large event of short
cduration consistinag of a suddea spike, both in Ta and %P, which
lasted for less than one minute. Durinag the two hours rreceeding
this event (not shown in this figure) both Ta and %P showed

substantial fluctuations.

—————— et
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F'IGURE 3.17. 7 August 1'75. Starting time 14:51:00 UT.

McMath " 86. Weather: r.iny. A large event consistina of a
sudden spike both in Ta and %T lasting for onl about one
minute. Approximately 10 minutes after the spike-1lik. flar:,
a second event occurred which was less pronounced but of su>-
stantially longer duration. It is interesting that thcugh the
large increase in Ta in the first event produced an increasc
in %P to higher positive values, in the smaller but longer
lasting event that followec, the increase in Ta produced a
decrease in the polarization.

FIGURE 3.18. 7 August 1975. Starting time 16:06:00 UT.

McMath 786. Weather: rainy. A large event again of a
spike-like nature both in Ta and %P. This event consists of
two distinct spikes each less than one minute in duration and
separated by about three minutes. The first spike is much
smaller than the second one in the case of T1 but both are

of approximately equal magnitude in the case of %P. This evert
followed the ones plotted in Figure 3.17 by about 75 minutes.

FIGURE 3.19. 7 August 1975. Starting time 17:16:00 UT. McMath

786. Weather: rainy. A small event ‘howing a single prominent
peak in Ta and three peaks ia %P. It 1is interesting that the
peak in Ta coincides with a valley in %P, i.e., it occur>d at

a time when the %P was returning to normal values 'etwee  two
peaks to higher values. This event occurred approximately 65

minutes after the one plotted in Figure 3.18.
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FIGURE 3.20. 7 August 1975. Starting time 18:31: .0 UT.

McMath 786. Weather: rainy. A moderately large event showin

clearly three peaks in %I while Ta shows the corresponding peaks
; in a less pronounced way as it increases continously towards its

maximum value at the third peak. This event occurred app)oxi-

mately 75 minutes after the one plotted in Figure 3.19. This

active region remained in a highly active state during the
entire monitoring period which lasted for almost five hours.

Both Ta ind %P showed continuous fluctuations perhaps indicating #
that the active region was bound to produce several flare e ents,

as it actually did.

FIGURE 3.21. 10 August 19753. Starting time 18:n2:00 DT.
McMath 786. Weather: clear. A moderately large event in Ta,
again in the form of a spike approximately one minute in
duration, which surprisingly produced almost no change i %P.
Ta and %P had been quiet for more than one hour before t iis

sudden event, and returned to a quiet state after this brief

flaring event.

FIGURE 3.22. 21 August 1975. Starting time 14:47:00 UT.

McMath 808. Weather: clear. A large event which saturated our

1eceivers which on this day were set at a high sensitivity and,
t ierefore, could not accommodate large excursions in 'I‘a and &%P.

The interesting observation in this event is that there was

a substantial drop in Ta prior to the flare event, though o

corresponding change in %P was observed.
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Chapter IV

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

During the years 1973, 1974, and 1975 we logged more than
330 hours of observations on 63 different days with the 120 ft.

Haystack radiotelescope of NEROC. This represents a very sub-

stantial amount of data which required extensive processing,
including a rather painful transcription of comnputer tapes from
CDC to IBM format.

In these long hours of observations we managed to ra2cord a
relatively small number of flare events, primarily because these
were years around solar minimum. During solar maxima, of course,
one would expect a much larger number of events, but they are not
as clean since there might be simultaneously several active ;
k regions on the sun all of them capable of producing flares.

f In three years of obse-vations we recorded approximately
| 30 minor events (with the brightness -emperature of the active
region increasing between 10¢ and 100%) and about 3 major events

(with the brightness temperature of the active region inc easing

by more than 250%). This essentially implies that one can expect

to observe a small event rcughly every 10 hours. Since our

observing days consisted on the average of about 5 hou s of

f observations, it implies that we recorded one small event every

two observing days. Major events, on the other hand, occurred

roughly only once every 100 hours of obserwations which implies one

event in twenty observing days. Since during these three years




we had managed +o obtain ¢n the average 21 observing days

per year, it implies that we could expect to record one major

event in a whole year's observing schedule.

These are rather discouraging statistics, especially given

the fact thait observing time on a major research facilit:, such

as the Haystack radio telescope, is at a premium and 21 days

per year are not easy tc obtain by any single project.

An analysis of the flare events we were able to record

show that essentially one can observe all kinds of situations.

There are cases, e.g., where during the flare event:

a.

Both Ta and %P showed similar excursions matching each other
closely (see, e.g., Figures 3.9, 3.13, 3.14, ani 3.5 the first
two spikes).

Both Ta and %P showed excurcsions but their behavior wa:
substantially different (see, e.g., Figure 3.20) inclu ing
cases where the absolute value of %P decreased when Ta was
hitting a peak (see, e.g., Figures 3.5 third spike, 3.21
second event, and 3.17 second event) and cases where the
peaks of '1‘a and of %P did not coincide (see, e.c., Figure
3.19).

Ta showed a substantial increase with essentially no
observable change in %P /see, Figures 3.12 and 3.21).

There were, of course, also all kinds of intermediate cases

when we would compare the changes recorded for Ta with

those recorded for %P.
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We also observe! events with substantially diff=rent
behavior prior to the flare event. Thus, there were case; in
which during the 50-100 minutes of monitoring prior to tl:
flare event we recorded:

a. Fluctuations in both Ta and %P. (Figures 3.9, 313-15,
3.16, 3.29)
b. Fluctuations in %P with no changes in Ta. (Figures 3.6,

3.8, 3.11)

c. Fluctuations in Ta with no changes in %P. (Figures 3.9, 3.22)
d. No fluctuations in either Ta or %P (Figures 3.5, 3.21)

The disersity in behavior of Ta and %P during and pricr
to a flare event is not surprising given the parameters which
affect the morphology of an active region (magnetic field
configuration; number, sizes and extent of sunspots; plasma
temperatures; etc.). Also the fact that the same active region
will most likely behave in a different manner near the east
limb of the sun, near the c:ntral meridian, anc near the western
limb of the solar disk (Papagiannis and Straka, 1977), increases
the multiplicity of diverse behavior that one can expect t
observe. Each one of these active regions and flare event
deserves to be studied and analyzed as an individual case so0 as
to build “he proper model to explain the behavior of Ta and
3P observed.

This undertaking has a substantial scientific interes and
was attempted in one case (Papagiannis and Strak:i, 1977), -ut it
is not an easy task to try it out for each case. In addition, for

a complete anilysis one needs to have information on the active
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region at different points on the solar disk, plus data obtained
at other spectral regions :uch as X-ray and UV spectrohelioc rams.
On the whole, in order to devise a prediction scheme for
major flare events, which was essentially the hope of this
research project, we have reached the following conclusion: The
diversity in the behavior of both Ta and %P observed at Az4 cm
makes it impossible to develop any forecasting scheme based on
the number of cases available. On the other hand, the numker
of days and the hours of observa:ions we logged over a period of
three years, was very close to the maximum of what any one group
could have expected to obtain fror a major national facility such

as Haystack. It also streched to the limit the human resources

of a small academic group.

It appears, therefore, that the only reasonable scheme to
deal with the problem of flare forecasting based on the behavior
of active regions prior to an event, is to use a smaller facility i
which can dedicate a substantial fraction of its time to this
task over a period of a whole solar cycle. The routine part of
the observations, namely making a raster scan of the sun i1
(solar map) to identify the locations of the active regions,
pointing the antenna to the mos' interesting one, and monitor.ng
this active region for several hours, can be pattended to such
an extent as to make it possible for a technician to carr; it
out on a day to cday basis.

A scientist could be in charge of the project anilyzing in

a systematic way the data and collecting statistics. Parallel
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observations at two or more wavelengths, if possibie, might
prove of great value in a potential forecasting scheme. It
should be noted, however, that there is no guarantee that suc\
a long lasting project will ultimately produce a reliable
forecasting scheme. Our experience, never the less, suggests
that a long term operation with a dedicated facility is the
only way to obtain the necessary number of events that can
assure a statistical reliability to any forecasting scheme
proposed. The price would be substantial and the task woul

be long and tedious. The potential reward, however, namel:,
the development of a reliable flare forecasting scheme, miy be

well worth the investment.
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