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' OBJECTIVE
Investigate the generation and progression of radio filaments across the solar disc.
Develop models tor analyses of the behavior of such emissions.
RESULTS
Models for determination of the characteristics of filament behavior at wavelengths
of 8.6 mm and 2.0 cm were developed and calculations were made which vielded reasonable
temperature and electron-density parameters.
RECOMMENDATION

Conduct a more extensive analytical study of radio filament behavior using radio-
heliograms obtained at the La Posta Astrogeophysical Observatory.
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INTRODUCTION

Observations of filaments at radio wavelengths have been presented by a number of
authors. =3 Disc observations of radio filaments show them as depressions against the quict
background: in other words, they are seen in ‘;:hwrplimL Also there have been some observa-
tions of filaments (prominences) in emission= Until recently, simple models have been used
to explain the observations: however. there are three recent papers which present more
detailed mmlcl\.“‘-(’ While it was with respect to the simple models that the present analysis
was originally proposed. the new models will also be discussed. This report reviews past
etforts and attempts to use some unique observations obtained at the La Posta Astrogeo-
physical Observatory (LPAQO) to better “define™ radio filaments. These observations are
unique in that the same filament/prominence has been seen at two frequencies in both
emission and absorption.

First, the data are presented and parameters useful for model development are
tabulated. Next. the simple models are discussed and the relevancy of our observations to the
new models is shown. We end with conclusions and suggestions for future work.

DATA

During the end of November and the first part of December 1973, a large filament
was seen to traverse the solar disc. The optical observations of the filament presented here
were obtained from the Sacramento Peak Observatory. At radio wavelengths, the filament
was seen as a depression of “absorption” feature while on the disc, and usually in emission
while on the west limb. These radio observations were made at LPAO as part of a solar moni-
toring program where radiospectroheliograms at 8.6-mm and 2.0-cm wavelengths are
acquired daily. Although data have been collected since August 1972, the present case is the
only obvious observation of a filament in emission.

The radio maps are acquired by scanning the sun in a square boustrophendonic raster
containing 35 by 35 points at 8.6 mm and 19 by 19 points at 2.0 ¢cm. The grid spacing is 1.0
and 2.0 arcmin, and data acquisition requires about 60 minutes and 25 minutes at 8.6 mm
and 2.0 cm, respectively. Each map is calibrated by standard techniques: however. due to
varying atmospheric attenuation and system gain changes, the data have had to be normalized
to provide consistent results.” The normalization has resulted in a background level (assumed
constant in time) which does not vary more than 17 from map to map. This makes possible
comparisons of features from one day to the next with a high degree of accuracy. Sample
maps obtained at each wavelength are shown in figures | and 2. The temperature contours
are in percent of the central disc antenna temperature: the interval between contours s 17
near the disc center.

The antenna pattern produces smoothing of the radio brightness distribution such
that features away from the disc center become “hidden.” To compensate for this. an average
map has been constructed and subtracted from individual maps to produce ditferenced maps.
An example of such a differenced map is shown in figure 3. Due to the varying solar angular

. Khangil’din, UV, Soviet Astronomy-Al, 8, p 234-242, 1964

. Kundu, MR, Solar Physics, 25, p 108-115, 1972

Kundu, MR, and McCullough, TP, Solar Physics, 24, p 133-141, 1972

. Straka, RM, Papagiannis, MD, and Kogut, JA, Solar Physics, 45, p 131-149, 1975

. Chiuderi-Drago, F, Furst, £, Hirth, W, and Lantos, P. Astronomy and Astrophysics, 39, p 429-435, 1975
. Butz, M, Furst, E, Hirth, W, and Kundu, MR, Solar Physics, 45, p 125-129, 1975

. Megatek Corporation Report R2005-031-1F-3, by FI. Wefer. 5 April 1976
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Radio map at 2.0 cm (1853 UT).

Figure 2.

Radio map at 8.6 mm (1937 UT).

Figure 1.

Figure 3. Differenced map.

e S ——

T —

L e




S

diameter and antenna parameters, some uncertaintics are produced near the imb: however.
the features we are looking for are significant enough to appear in spite of this. In order to
improve the limb results, a ditferenced quadrant was produced by subtracting the mirror
image of the northwest quadrant from the northeast quadrant. Contours were then plotted
only above the +57% level.

T'o verify the identity of features, the set of figures 4 through 7 was prepared. The
Sacramento Peak Observatory IIO_ photographs have superimposed on them transparencies
showing the differenced radio maps at 8.6 mm. The lower panel is the normal exposure used
to show disc features while the upper panel is overexposed to bring out limb structure. In
figure 4. the filament we are interested in is near the central meridian at about 40°N latitude.
['he deepest contour shows a depression of slightly more than =377, On 2 and 3 December.
the filament moved to the limb. as seen in figures 6 and 7. The contours in the upper panel
show the prominence as a + 147 enhancement. Figure 8 has been prepared to show the
characteristics of the filament/prominence we are concerned with.

MODELS AND DATA INTERPRETATION

The simplest model used to describe the radio (mm and low ¢m) observations of

s assumes absorption of radio waves originating in the chromosphere by the cooler.

lilament in the corona. Kundu® attempts to derive estimates of T, and N, by looking

the mean optical depth. 7 = KU where K is the absorption coefficient and € the dimension

ol the filament through which the radio waves must pass. The dependence of K on 1 e and N,
allows either to be determined if the other is known or. it one observes at two wavelengths.
I, and x\'c can be determined without assumptions. according to Kundu. Further. as one goes
to longer wavelengths (higher in the solar atmosphere) the amount of absorption should
decrease as a larger fraction of the radiation comes from above the filament. This same model
allows independent determination of T, and N, if the filament is seen in both emission and
absorption provided the filament is ()pllLd“) lhu.k = The electron temperature is then the
same as the brightness temperature.

The radiative transfer equation for the filament on the disc can be written

g ~F -7
G T, T S W T CaT
[g(disc) Tﬁa +Tpe * Ty (1)
where the parameters are illustrated in figure 9a and defined as tollows:

Ty(disc) = observed brightness temperature of the filament on the disc.

L = : S i .

1(3 (- = brightness temperature contribution from below filament,

A o : : g ; =

e & = brightness temperature contribution from the filament,

= ol —T . . . . . ~

Iﬁ e = brightness temperature contribution from below the altitude of the

filament in the absence of a filament,

Tk = brightness temperature of the filament,

TF = optical thickness of the filament, and

L = optical thickness of the region above the filament.

8. Kundu, MR, Solar Physics, 13, p 348-356, 1970
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27 NOVEMBER 1973

27 NOVEMBER 1973

November

Differenced map at 8.6 mm showing filament near central meridian

Figure 4




Figure 5.

28 NOVEMBER 1973

Differenced map at 8.6 mm, 28 November.




02 DECEMBER 1973

02 DECEMBER 1973

Figure 6. Movement of filament to the hmb, 2 December
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03 DECEMBER 1973

N3 DECEMBER 1973

Figure 7. Movement of filament to the limb, 3 December
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LENGTH A: 1.43 X 10° km = 320"
e INSIDE B: 54 X 10° km = 1'15"
: HEIGHTC: .63 X 10° km = 128"
WIDTH D: .37 X 10° km =52"
ENHANCEMENT ~ 14%

28 NOV 73
DEPTH E: 17 X 10° km = 23"
LENGTHF: 1.36 X 10 km = 3'10"
DEPRESSION ~3%
Figure 8. Filament/prominence characteristics.
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PHOTOSPHERE

PHOTOSPHERE

A. THE FILAMENT ON THE DISC B. THE FILAMENT ON THE LIMB
Figure 9. Filament on the disc and on the limb.
Because the filament is smaller than the beamwidth of the antenna. what is actually
observed is an antenna temperature. T g .. which is a combination of the brightness temper-

atures of the filarnent and the surrounding arca on the sun. This antenna temperature is
given by

A TR ~T -T
T = T o e )
ldi.\'C_T(lﬁk O‘+‘].& +‘Ol) (Z)

B -7
e S
+T(Iﬁg +la,)

where
“ r 2.
) ; FWHM - )
C = antenna beam arca = 7 (———) (rad-),
. e 2
A = projected filament arca (rad-), and
. . . 2
= (C-A (remaining area) (rad-).

The first term on the right-hand side of equation (2) represents the contribution of T—
from the filament while the second term accounts for the contribution of that portion of the
antenna beam not on the filament but looking at the surrounding arca.

For the limb observation, the same equations hold with the exception that the nota-
tion requires modification to account for the differences between the disc and limb conditions.
The radiative transter equation is

’ ' ’
AN i ey el -
Tg(limb) = Tge T "®+Tpe *+T (3)
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and the resulting antenna temperature is

' ' ' '

A ~Te =T ~T
« ' « '
— , ¢ 4 . 4+ ) (4)
imb « 'I,;‘ I ¢ o
Bl et
+ — (The %+T))
( B o

The primes denote the limb symbol tor the equivalent dise symbol. I'hese are iHustrated in
figure 9Yb. 1t should be noted that
(a) 7 is primed (r'l;) tor the limb because 7~ k¢ and Cis not the same for the disc
and limb observations.

(h)y Cisnot primed in equation (4) because the beamwidth remains unchanged.

I'he observations made at LPAO have been reduced to the difference between the individual
map and the background average. Solving for this difference using equation (2) gives:

Al

disc

A =T ~T B -7,
e sl ol B e e R 5
[(.(lﬁt ll,t. ]CY’ C ‘gk '0/’ (5)
A =T B =T
S ST O e S
[( 1lp-\ +l(x)+(~”ﬁ‘ +I0,):|
A similar cquation results from using equation (4). Equation (5) may be simplitied to
AT .. X TR

s =7 5 ~T:
O‘—l‘jk‘ a*l]:t‘ oy (O)

. . . . . . - \) "
where again a similar equation holds for the limb case. For the reason that ™ 7 < 1,

cquation (6) can be simplified again to

5 A 2 —T‘; G ] L]
Alk“\c T([[}L —lﬁ* ':) { )
Assuming a constant temperature and electron density throughout the radio filament and
using
2l i —Tl:
|[ = lc (] -¢ )
where lc is the electron temperature in the radio tilament, we can rewrite equation (7) as
T A = (T -T e
Aldiw _= (Vg IBHI ¢ )
(
or - '
T = Aldisc( . T 8)
{ i _Tl: ﬁ {
(l-¢ )A

9. Aerospace Corporation Report ATR-73 (8102)-8, On the Source of the Slowly Varying Component at Centi-
metre and Millimetre Wavelengths, by FI Shimabukuro, GA Chapman, EB Mayfield, and S Edelson, 15 Feb 73
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An almost identical equation obtains for the limb case: namely.
I Aljimp ¢ P
e b o o (Y)
. *Tll : p
(l-e ) A
Fquations (8) and (9) can be solved in four ways to obtain T, and Ty (o1 T" yor N |
L
because (see cq ! 1))
b
’\\
Tl,\lb’i T(A4) —
A

(10)

Pt | =

which allows the following solutions:

(a) equation (8) at both wavelengths,
(h) cquation (9) at both wavelengths,
(¢) equations (8) and (9) at 8.6 mm. and

(d) equations (8) and (9) at 2.0 cm.

However, some of these cases are casier to solve for than others because Iﬁ ¢ l:; and l;‘» N
difficult to ascertain due to its variation with radial distance near the imb. On the disc.

PR 1;3 =T (8880K at 8.6 mm: 10900K at 2.0 ¢cm) and because of the great height of the
filament l'a ~ 0. hence. we know lﬁ at cach wavelength and we can solve case (a). Table |
lists the values of the parameters used to solve equation (8). The technique employed was one
of trial and error on the optical depth. Also. because the value of the projected filament arca
is uncertain due to the possible noncoincidence of the size and position of the radio and

optical filament, the value of A was allowed to vary.

TABLE |. PARAMETERS FOR THE SOLUTION OF 1

(o
R C . AT gise Tg=Tc
8.6 mm 6.158 -0.03 T(- 8880 K
2.0cm 12.566 -0.03 e 10900 K

The technique used to solve for T, and N, was as follows:

I.  Choose a value of A.

2. Solve equation (8), varying 1’": (using equation (10) to relate 'ri_- (8.6 mm) and
T'l; (2.0 cm) until T, (8.0 mm) = T, (2.0 cm) is achieved).
I3
Py - -~ -
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3 \\_ was then solved tor ll\ing”)
2N 2 =S Ac
7| CA-N, I AS ()
Ol <
Tl I .I D I :
C
\V S (L2)
Cx- AS

where

AS 37107 km (see length D in figure 8)

A N 6 mm
I determined from step 2
— 19 .
( 22X 107 == ¢cgs units
1 Go to step Duntil a complete range of the values of A has been explored

RESULTS AND DISCUSSION

Figures 10-12are plots of T,. N, and 7z (8.6 mm) as a tunction of the ratio A/C
at 8.6 mm. It should be noted that because for A/C > 0.2 there is no solution to the equation,

the ratio A/'C cannot exceed this value. A lower limit is also arrived at because. for A/C =< 0.065.

the solution yiclds negative values of T,. These two limits yield the tollowing limits on N, and
I'.. as obtained from figures 10 and 11:

1 x 10? SN, S2X 1010 ¢n~3
(13)

SX10°ST, s 7.5%X 103K

Ihe upper limit of A/C would obtain if the width of the filament were approximately 1.7
times that observed optically. Due to the irregular shape of the filament (see figure 8). it is
difticult to ascertain the true optical area. However, using graphical techniques, it has been
estimated that A/C (8.6 mm) is approximately 0.12if the optical and radio filaments
coincide. This yields the following estimates for Nc and T, (from figures 10 and 11):

Ne = 7.9X 10Y em™3
) { (14)
|c =~ 5300 K

TWO-COMPONENT MODELS

In the above analysis we have assumed that the radio filament, by which we mean that
structure in the solar atmosphere responsible for the observed change in antenna temperature,
has a uniform temperature and density. This is obviously not correct, but it represents a good

10. Allen, CW, Astrophysical Quantities, The Athlove Press, University of London, 1963
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Figure 11. Electron density as a function of the
parameter A/C where the value of C is determined

from 8.6-mm wavelength.
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value for C is determined from 8.6-mm wavelength




initial model In recent papers, Straka® and But” use two component models in analyzing
radio filament data. Both models combine a dense, cool tilament surrounded by an optically
thin transition layer: however, they ditter in the relative sizes ot the two components. In the
Butz model.” which is similar to that discussed by Simon and Wic kstrom. 1 the filament is
surrounded by a sheath which is both optically thin and physically thin. In terms ot pro-
jected arca. the sheath occupies only about 0.1 the arca of the filament. Within this thin
sheath. the temperature rises from that of the cool filament to the ambient temperature of
approximately 10° K

In the Straka model. the filament is surrounded by a cavity which is optically thin
but physically quite large. In terms of projected arca, the cavity occupies about 10O times
the arca of the tilament. They conclude that it the temperature structure inside the cavity is
the same as in the surrounding atmosphere. the electron density must be lower than ambicent
by a tactor of two.

We can get an idea ot the eftect of this more complicated structure by a slight
moditication ot the analysis. I we define the following parameters:

\ projected arca of the filament in the antenna beam.
A = projected arca of the cavity or sheath apart from A
T optical thickness inarca Ay,
it i, = optical thickness in arca As.
s : : i
[gqe = brightness temperature contribution from A . and
_T(\ . . . .
e = brightness temperature contribution from A 5.

then tor disc observations, the ditferenced map shows

Al

disc ’ k—TI;| 5 ._ ’
Iﬁj Iﬁ ( Iﬁ

Again making the simplifying assumption of uniform temperature and density within cach
component, we obtain

—T|;\ :
S (l1-¢ - (]-¢ 5] (15)

(

: Al gise € G A B ok Tpay | s
X — =nl g = =l O
s T B e TE
(1-¢ Flya, | -e

where 1 el and 'IL.J are the effective temperatures of the respective components. Note that
reducing the thickness of the sheath/cavity to zero gives us back equation (8) tor the one-
component model.

In the case of the thin sheath model, the small optical depth (75 <€ 1) and the small
thickness (A5/A | = 0.1) combine to minimize the effect of the sheath. Hence. we may expect
that our determinations of T, and N are not greatly in error.

1. Simon, M, and Wickstrom, B, Solar Physics, 20, p 122-129, 1971
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In the case of the cavity model, the small optical depth (T2 = Dris compensated
for by the large size (A~/A | = 10). Should this model prove correct, our determinations
could be seriously in error. Note that because the filament may shadow a large portion of
the cavity when viewed from certain angles. the optical depths T and T are related
geometrically. This makes a more complete analysis of this model beyond the intended scope
of this study.

CONCLUSIONS

An analysis of the observations based on the simple one-component filament model
has yielded a temperature and electron density which scem reasonable. One thing which
impressed the authors is the relatively small number of radio filament observations which
have been analyzed. It would seem wise to base our knowledge of radio filaments on a
larger statistical sample than has been thus far utilized. In view of the success of the analysis
based on disc observations at two wavelengths presented above. we believe that a more
comprehensive filament study using the LPAO radioheliograms is indicated.
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