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A brief review, presented in simplified terms, is given for the theory of the origin of
coronal emission-line polarization. A classical view of the scattering problem in terms of
harmonic oscillators is first presented where the influence of the magnetic field is demon-
strated. The Van Vleck depolarization phenomena is described in these terms. Next, a more
precise physical picture of the emission-line polarization is established through a discussion
of the Zeeman effect in scattering. Sample results are discussed for three-dimensional coronal
emission-line models based upon the solution of the statistical equilibrium equations for mag-
netic sublevels of the Fexiv ion. Finally, comments are directed toward the determination
of magnetic fields based upon emission-line polarization observations where both modeling and

deconvolution procedures are mentioned.
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I. Introduction

Encoded in the polarization of light scattered
in the solar corona are clues to the structure of
the magnetic fields in this tenuous, hot outer
atmosphere of the sun. Magnetic fields are
known to govern much of the shape and dynam-
ics of the corona and it may be somewhat sur-
prising that few systematic attempts have been
made to establish the structure of the magnetic
field by the most direct method, the measure-
ment of linear polarization in the forbidden
emission lines in the visible part of the coronal
spectrum (cf. Charvin 1971; Eddy, Lee, and
Emerson 1973). The shape of the corona shown
in Plate I, taken during the 1966 eclipse, demon-
strates clearly the complex structure that may be
assumed by the million-degree plasma making
up the solar corona. Many workers have been
content to suppose that such a structure maps
the distribution of magnetic fields, but for some
problems more detailed knowledge of the orienta-
tion of the field is required. Researchers requir-
ing this detailed knowledge have had to resort
to extrapolation of magnetic fields from the sur-
face of the sun into the corona, as described by
Altschuler and Newkirk (1969). Since the extrap-
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olation rests upon a fundamental theoretical
assumption (not yet proven) that the coronal
field is a potential field, it is very important to
attempt to make systematic direct measurements
of the magnetic field in the corona. The theory
for the interpretation of such measurements is
available (Charvin 1965; Hyder 1965; Hyder,
Mauter and Shutt 1968; House 1972).

It is the purpose of this paper to describe in
simple terms the origin of the polarization in the
coronal emission lines, and to demonstrate how
the polarization and the structure of the coronal
magnetic field are related. We will first give
a classical presentation of the concepts of radia-
tion scattering in the presence of a magnetic
field. Next, to show how one would construct a
theoretical model to simulate the emission-line
polarization of the corona, we will introduce
some additional physical ideas using the Zeeman
effect. And finally, we will discuss how the in-
formation that has been presented can be ap-
plied to establish the structure of coronal mag-
netic fields.

II. The Origin of Emission-Line Polarization:
A Simplified View

It is the process of resonance fluorescence
which gives rise to coronal emission-line polariza-
tion. Figure 1 depicts unpolarized radiation
incident upon a scattering ion from the negative
Z-direction. The ion is simulated by three
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PLATEI

The solar corona observed by the High Altitude Observatory at the 1966 eclipse to Pulacayo, Bolivia. The structures
as seen here in white light are assumed to map the distribution of magnetic fields.

orthogonal harmonic oscillators. The fact that
the incident field is unpolarized is represented
by equal intensities in two perpendicular states
of linear polarization. The magnetic field, which
lies along the x-axis, creates a direction of pre-
ferred orientation for the scattering ions; the ions
precess about the magnetic field owing to the
Larmor effect. We indicate the precession sche-
matically by a coupling of the two oscillators
that are perpendicular to the magnetic field.
From the classical point of view, coupled oscil-
lators will share any energy absorbed by a single
oscillator. If the field is sufficiently strong, the
oscillators are treated as completely coupled.
The oscillator lying along the direction of the
field, the x-oscillator, does not couple or share
energy with either the y- or z-oscillators.

For the scattering in the forbidden lines of the
solar corona it is appropriate, as we shall see
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later, to treat the y- and z-oscillators as com-
pletely coupled.

Now, recall that a harmonic oscillator absorbs
and emits radiation according to the distribution
shown in the insert on the lower right of Figure
1. The absorption- or emission-phase function
relative to the direction of the axis of the oscil-
lator, is a figure of revolution, a “doughnut” with
no emission or absorption along its axis.

If we consider that the incident field has one
unit of energy, one-half in each of the orthogonal
components, the energy component absorbed
by the oscillator lying along the y-axis will
produce emission in both the y- and z-oscil-
lators; since they are coupled, an amount pro-
portional to one-quarter of a unit of the incident
energy will be emitted from each of these oscil-
lators. However, the energy absorbed by the
oscillator lying along the magnetic field will be
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F1c. 1— The scattering of radiation by an ion in the
presence of a magnetic field. The detailed features of
the diagram are discussed in the text.

reemitted only by that oscillator. Thus, if the
observer looks along the y-axis, the energy
polarized parallel to the z-axis and to the x-axis
is in the ratio 2:1, respectively. Hence the de-
gree of linear polarization, defined as the differ-
ence in intensity between two perpendicular
directions divided by their sum, is 33%.

As the observer rotates toward the direction of
the magnetic field a smaller fraction of the
energy is emitted in the direction of the axis of
the x-oscillator. Along the x-axis the radiation
will be unpolarized because each of the oscil-
lators emits an equal amount of energy in ortho-
gonal polarization states, since they are coupled.
Thus, from this model we see that the magnetic
field produces between zero and 33% polarization
depending upon the angle between the observer
and the magnetic field. The polarization is
axially symmetric about the field.

The amount of polarization in the x—y plane
is given by the simple expression included in the
figure. All polarizations will be expressed in
terms of the Stokes parameters. We need only
consider the ratio of the Stokes parameter S,
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which describes the intensity of linearly polar-
ized light, to the Stokes parameter S, describing
the intensity of the radiation field. These are
often known as the Q and I parameters, respec-
tively. It is especially important to note that
the maximum polarization will occur in a plane
containing the magnetic field. That is, if we
rotated a polaroid about the y-axis we would
find the maximum polarization is parallel to the
magnetic field.

If the magnetic field were not present, the
coupling between the y- and z-oscillators would
not occur. In this case an observer along the y-
axis would see 100% linearly polarized light,
polarized parallel to the x-axis. This would
result from the fact that there would be no emis-
sion from the z-oscillator since it would absorb
no radiation and no emission from the y-oscil-
lator since we are looking along its axis. An
observer looking along the z-axis would note
unpolarized radiation because each oscillator
viewed absorbs as well as emits in this direction.

If the magnetic field were present but parallel
to the direction of the incident field, as might be
the case for a radial field emerging from the sur-
face of the sun, the results would be the same as
if there were no field present. However, as we
shall see later, the results for a radial field are
significantly influenced by the fact that the mag-
netic field for various points along the line of
sight through the corona goes through a range
of angles.

From this discussion then, we see that there
are significant differences introduced by the
presence of a magnetic field.

Another interesting phenomenon resulting
from the presence of the magnetic field is the so-
called Van Vleck effect (Van Veleck 1925),
which is depicted in Figure 2. Again we have a
strong magnetic field and hence the complete
coupling of two oscillators, but in this case the
incident radiation propagation vector is not
perpendicular to the magnetic field. The insert
makes clear that one polarization component of
the incident field lies in the x—z plane while
the other component is parallel to the x-axis. We
simply look at the projections of the two com-
ponents of the incident field to determine the
relative amounts of radiation absorbed by each
oscillator; these projections can be determined
from the figure. When we consider the radia-
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VAN VLECK EFFECT
z

z

Si_Iz-Ix _2-3sin%g
So Iz+Ix 2+sin%g

Byy=sin'/ 2 =547

Fic. 2—The Van Vleck effect which produces un-
polarized radiation upon scattering in the presence of a
magnetic field. The details of the effect are discussed
in the text.

tion emitted by each oscillator, we find that the
polarization, as observed perpendicular to the
field, is given by the expression in the insert.

From this expression we note a very interest-
ing property: the appropriate angle can produce
zero polarization, that is, the scattered radiation
field can be completely unpolarized. This, the
Van Vleck effect, completely depolarizes scat-
tered radiation when the incident field lies at an
angle of 54°7 to the magnetic field. Furthermore,
after the Van Veleck angle is passed the polariza-
tion is negative, which means that the plane of
polarization is perpendicular to the magnetic
field. It should be apparent that this effect can
introduce difficulties into the interpretation of
polarization data.

To summarize so far, we note that the polariza-
tion of the scattered radiation is very sensitive
to the orientation of the magnetic field at the
point of scattering. The magnetic field fixes the
spatial orientation of the ions and locks their
phase functions into a reference frame based
upon the direction of the field. In the presence
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of a field, the radiation will be unpolarized along
the field direction, as is also the case when the
incident radiation meets the field at the Ven
Vleck angle.

We shall now consider in more detail the
nature of the coronal emission-line polarization
problem as described by the Zeeman effect.

III. The Zeeman Effect in Scattering

In the presence of a magnetic field, the popu-
lations of magnetic sublevels of a given excited
state of an ion determine the polarization prop-
erties of the emitted radiation. This is the more
precise description of the origin of emission-line
polarization. The manner in which the sublevels
are populated is governed by the radiative and
collisional coupling either to other sublevels of
the same term or to magnetic substates belong-
ing to the same or different configurations. The
equations describing the statistical equilibrium
of atomic states are well known (Mihalas 1970)
except that now it has been necessary to general-
ize them to account for the fact that the equa-
tions become dependent upon geometry because
of the presence of magnetic fields (Charvin 1965;
House and Steinitz 1974a,b).

For background, it is necessary to establish
some important properties for the coronal emis-
sion-line polarization problem. First we note
that the corona is optically thin in the forbidden
lines so that no radiative transfer or multiple
scattering effects are present.

Next we need to understand the meaning of
a “strong field” as it applies to the coronal prob-
lem. “Strong field” means that the Larmor fre-
quency, wp, is greater than the inverse lifetime
of the excited state, y. Thus in a strong field an
ion precesses many times between the absorption
and reemission event. The critical field strength
is given as

o _ eBgex _
y  damey

B, =36 X 10~7 Algys »

where e, m,, and ¢ have their usual meaning
and where A is the Einstein transition prob-
ability and g.g is the “effective” Lande g-factor.
For forbidden lines, A is on the order of 100
sec”!, g.g~ 1; thus the critical field is a few
times 10~5 gauss and for essentially all coronal

>

(1)
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regions we may justifiably use the strong field
approximation.

Another ratio of interest is the ratio of the
wavelength splitting due to the Zeeman effect
compared to the Doppler width

AX, eBg .«

e T /%V@Kﬂm). @)

For a 2-million-degree corona, this ratio is about
3 X 1075 for a field of one gauss. Hence the
splitting of a coronal forbidden line is extremely
small. Furthermore, since to date all instru-
ments that measure coronal emission-line polari-
zation integrate over the entire profile, it can be
shown, from the symmetry properties of the
polarization averaged over line profiles, that
there will be no circular polarization as a result
of resonance fluorescence.

In Figure 3 we are reminded of the properties
of the Zeeman pattern for the transition that we
will use in our example, the line at 5303 A be-
longing to the magnetic-dipole transition in the
ground term of Fexiv. The 5303 A transition is
a 2Py, to a 2P, transition and it has the six
Zeeman components indicated. The dashed lines
refer to transitions where the magnetic quantum
number m; does not change, i.e., the 7 com-
ponents, and the solid lines are those for a Am;
of =+ 1, the sigma components. It should be
emphasized that each of the component transi-
tions has its own relative strength factor as well
as its own geometric phase function for absorp-
tion and emission. The relative-strength factors
are easily established and are indicated in the
figure, the Am; = 0 components above and the
Am; = = 1 components below.

We consider two orthogonal linear polariza-
tion states, a = 0° and a = 90°. The polariza-
tion vector @ = 0° lies in the plane defined by
the direction of the magnetic field and the ob-
server. The Am; = %1 transitions absorb iso-
tropically for the polarization state a = 0°, and
according to a cos? @ function for the orthogonal
state of polarization. The Am; = 0 components
do not absorb or emit the polarization state a =
0°, but absorb and emit in the polarization state
a = 90° according to a sin?@ function. These
geometric-polarization phase functions, each
weighted by the relative strength of the appro-
priate transition, weighted also by the popula-
tion of the sublevel, summed over all com-
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Fic. 3— The Zeeman effect for the emission line 15303
of Fexiv. The six Zeeman transitions along with their
strengths and polarization phase functions are illustrated.

ponents in a Zeeman pattern, will then deter-
mine the polarization of the absorbed or emitted
radiation.

With this information we can now discuss
what goes into the solution of the equations of
statistical equilibrium for the magnetic sub-
levels.

The energy level structure of Fe xiv is shown
in Figure 4 where the ordinate for the left-hand
side is approximately to scale, but the splitting
into magnetic sublevels, on the right-hand side,
is not drawn to scale. The configuration, the
term, and the J value are indicated. The emis-
sion of the 5305 A line arises from the 2P, term;
we therefore need to determine the population
of the magnetic sublevels belonging to this level.
We must consider both radiative and collisional
coupling, not only to the ground term of the
configuration, but also to other configurations.
In addition, we must consider how the coupling
occurs, not only to other levels, but to other mag-
netic sublevels within those levels. It is pos-
sible that this coupling with excited configura-
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Fic. 4— The energy level structure of the Fexiv ion
illustrating the splitting of the various levels into their
magnetic sublevels.

tions may selectively populate or depopulate the
magnetic sublevels that give rise to 5303 A, and
hence alter its polarization properties.

The physics that must go into setting up and
solving the statistical equilibrium equations that
will determine the population of each of the
magnetic sublevels is summarized as follows. To
establish the radiative rates one must integrate
the appropriately combined phase functions for
the Zeeman pattern of the transition over the
incident unpolarized photospheric radiation
field. This integration must account for limb-
darkening. The calculation is carried out in a
frame of reference of the local radius vector to
the center of the sun and thus geometric trans-
formations are involved. We neglect the radio
frequency transitions that occur within the same
level and we can neglect the ultraviolet absorp-
tion to excited configurations. The radiative
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rates are therefore easily established.

The collisional rates are much more difficult
to determine. We must have the collisional
rates to the level giving rise to 5303 A as well as
the rates to levels of the excited configurations.
One difficulty that arises is that the total rates
have been computed, but in the process of com-
puting these total rates atomic physicists have
averaged over the partitioning of the rates to the
magnetic sublevels; hence little or no informa-
tion is available at the present time as to how
this partitioning should be made. Two extremes
are that the collision strengths to magnetic sub-
levels are the same as for the radiative transition
in the Zeeman pattern or that they are all equal.
Information about collisional rates is desperately
needed for this problem and work on it is now
in progress.

The collisions that induce transitions between
magnetic sublevels belonging to the same level
are called depolarizing collisions. These col-
lisions, occurring primarily by proton impact,
effectively cause a reorientation of the ion be-
tween the absorption and emission event. This
reorientation, if sufficiently randomized, de-
polarizes the emitted radiation. It should be
apparent from classical Zeeman theory that the
populations of the various magnetic sublevels
are equivalent to the number of ions in the vari-
ous possible quantized directions relative to
the magnetic field. Thus transitions between
sublevels are equivalent to changing the projec-
tion of the angular momentum states, or the
orientation of the ions relative to the magnetic
field.

Again, very little work has been done on com-
puting depolarizing cross sections. Some simple
semiclassical approximations borrowed from
nuclear physics exist.

Finally note that we neglect, for the present,
polarization induced by anisotropic beams of
particles, by assuming that all collisions are
produced by isotropic distributions.

Given procedures for determining the rates,
then once the local electron temperature, density,
and orientation of the magnetic field are estab-
lished for a given volume of coronal plasma, the
statistical equilibrium equations can be solved
for the population of the magnetic sublevels.
Again we emphasize that these equations are
now angular dependent because the geometric
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phase functions are oriented by the magnetic
field.

After the populations of the magnetic sub-
levels have been computed, where in the case of
the Fexiv we use 34 magnetic sublevels, the
populations of the excited state of 5303 A may be
put into equations to determine the Stokes
parameters for the emission. Another geometric
transformation must be performed to place these
polarization results into a common frame of
reference, the frame determined by the plane of
the sky.

To compute a model of the emission-line
corona, this procedure is carried through for
many points along each line of sight for which
information is desired. In addition one must
also introduce the ionization equilibrium of the
appropriate stage of ionization so that when the
line-of-sight integration is performed, the correct
weighting of the distribution of ions is accom-
plished. After the components of the Stokes vec-
tor are integrated along the line of sight, one
finally has an emission-line polarization model
for the solar corona. As described in the next
section, such a model can be compared with ob-
servations to determine the appropriateness of
the model parameters selected. Before we dis-
cuss the comparison of models with observa-
tions, let us next look at some of the results of
sample solutions of statistical equilibrium equa-
tions. This will provide further insight into the
physics of the formation of emission-line polari-
zation.

Figure 5 shows plots of a parameter that mea-
sures the departure of the population of mag-
netic sublevels from their equilibrium popula-
tions. The parameter [ can be defined by the
following consideration. In thermodynamic
equilibrium, each of the magnetic sublevels is
equally populated and under this condition, for
a given magnetic sublevel, we would assign a
value of unity to the / parameter. Thus as [
departs from unity it is a measure of the imbal-
ance in the populations of the magnetic sub-
levels belonging to one term. The sum of the
£’s for a term is equal to the statistical weight.

For this plot we give the departure parameter
Ly versus height above the limb. We have as-
sumed a radial magnetic field, the equatorial
electron-density gradient as given by Newkirk,
Dupree, and Schmahl (1970), and a constant
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Fic. 5—Plots of the departure coefficient for the mag-
netic sublevels giving rise to 5303 A as a function of
height. Also included in the plot is the resultant polariza-
tion as a function of height where the line-of-sight inte-

gration is included (LOS) and where the emission is
only from the plane of the sky (No LOS). A radial mag-
netic field is assumed.

electron temperature. In addition we treat only
the 2Py, and 2Py, levels. The plot shows how
the increase in height, or equivalently the in-
crease in anisotropy of the radiation field
coupled with the decrease in density, causes the
populations of the magnetic sublevels to depart
from a balanced condition. The reason that the
my; = +3/2 levels become over populated com-
pared to the m; = £1/2 is that the £3/2 levels
are populated mainly by Am; = +1 transitions
which have phase functions, as you recall, that
pick up radiation from the disk. On the other
hand, the m; = £1/2 levels are mainly popu-
lated by Am; = 0 transitions whose phase func-
tions sin2 @ see less and less radiation from the
disk as height is increased.

Included on the plot is the resulting degree
of polarization from the 5303 A radiation when
we consider both the plane-of-the-sky emission
(No LOS) and the effect of line-of-sight integra-
tion (LOS). The increasing departure of the
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populations from equality produces an increased
amount of polarization. This also occurs because
the phase function and hence polarization prop-
erties of the emission from the different levels
are weighted by the differing relative popula-
tions. Ultimately for 5303 A the polarization at
o would be 43%.

The influence of the line-of-sight integrations
is to decrease the polarization. This occurs for a
radial magnetic field because field lines are pre-
sented to the observer at various orientations
and we have seen that as one looks along the
field, radiation is depolarized.

The next figure, Figure 6, again plots polariza-
tion versus height for the same model, i.e., for a
radial field and the same temperature and den-
sity as for the preceding figure, but in this case
we illustrate the influence of varying the number
of levels in the Fexiv model atom and of also
varying the collisional coupling. The upper
curve indicates what happens if we remove all
collisions, both excitation and depolarization.
This is the case of pure scattering. Clearly the
polarization is much higher in pure scattering.

The middle curve represents the calculation
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Fic. 6 —The degree of polarization as a function of
height for the same model as in Figure 5, but with vary-
ing degrees of collisional coupling as well as differing
numbers of energy levels included.
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where only two J levels have been included,
the 2P;, and 2P, levels, while the bottom
curve is for the case where we have included the
excited configurations as shown previously on
the energy level diagram for Fexiv. In all, 34
magnetic sublevels were included. The effect of
the excited levels is to decrease the imbalance
between the populations of the m; = +1/2 and
+3/2 sublevels, which in turn produces a de-
crease in the polarization of the emitted radia-
tion. The line-of-sight integration has been in-
cluded in these calculations.

To conclude, we can now discuss how such a
detailed understanding of the production of
emission-line polarization will help us to even-
tually determine the orientation of magnetic
fields in the corona, which of course is the ulti-
mate goal.

IV. The Structure of Coronal Magnetic Fields
from Emission-Line Polarization Measurements

There are two classical approaches in astro-
physics for attempting to determine parameters
of a stellar atmosphere, in this case the magnetic
field structure. The first involves model build-
ing, where we assume the properties of the atmo-
sphere and introduce what we know as the best
possible physics. Theoretical predictions made
from the model are then compared with obser-
vations, and if an agreement is reached we be-
lieve that the model may, in fact, simulate the
real atmosphere. The result is not necessarily
unique, of course. The other approach is to take
the observational data and deconvolute it for
the sought-after parameters. Both of these ap-
proaches can be considered in an attempt to
determine the coronal magnetic field. Let us
first look into the modeling approach.

A. Modeling. The solutions of the equi-
librium equations and the resulting polarization
models that have been described for examples
result from a computer code that has much
more general capabilities. We can summarize
the major attributes of this code.

The code makes use of arbitrarily specified
three-dimensional  distributions of density,
temperature, and magnetic field. It is most ap-
propriate at the present time to take the three-
dimensional electron-density data that result
from the deconvolution of k-coronameter data
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(Altschuler and Perry 1972). The best available
model of coronal fields is that given by the poten-
tial field extension of photospheric fields into the
corona (Altschuler and Newkirk 1969). Thus the
program of the potential field calculation is
coupled into the emission-lines polarization
model calculation. There really exists no good
model for the three-dimensional temperature dis-
tribution. The results are not terribly sensitive
to temperature changes and often, as in the
sample calculation of this paper, a uniform tem-
perature corona will suffice.

With the coronal model specified, the com-
puter program will treat any forbidden line for
which collision rates and the Einstein coefficients
can be provided.

The solution for the model involves all the
geometric transformation eluded to, the inte-
gration of the incident field over the disk for
each point in the corona, and the ionization
equilibrium, resulting in the solution of the equi-
librium equations. The populations thus deter-
mined are used to establish the Stokes param-
eters for the emission from each volume of
coronal gas, and finally the integration is carried
out for all lines of sight desired. The output of
the program can give details on the population
of energy levels, uv line intensities, etc. of the
Fe xiv ion, but the main results are polarization
and intensity maps.*

One such polarization map is shown in Figure
7. This computer model is for 5303 A emission-
line polarization at the time of the 1973 eclipse.
The solid lines are the magnetic field lines based
on a potential field, while the length of the short
dashed lines is proportional to the degree of
polarization. The lines are oriented to give the
angle of maximum polarization with the center
at the line of sight. A polarization vector having
a length equal to the radius of the sun of this
plot would be 100% polarized. The electron
density is based upon the deconvolution of data
provided by Mickey and Querfeld (1974).

This is a predicted model. If detailed, accu-
rate observations were available to be compared
to this model calculation, one could perhaps
establish the validity of the assumption of a
potential field distribution based upon the ex-

*This code resides in the High Altitude Observatory’s
Radiative Transfer Library and is available for public use.
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trapolation of photospheric magnetic fields into
the corona. For the most part one sees that the
polarization vectors are mainly radial with some
notable departures.

One interesting feature in the model calcula-
tion should be pointed out, and that is where we
see the Van Vleck effect. In the southeast quad-
rant (lower right), polarization vectors are per-
pendicular to the direction of the field given by
the potential field calculations. This is a region
where the Van Vleck effect is present.

From the comparison of the model calcula-
tion with the potential field distribution upon
which the model is based, it should be clear that
if we are given only the polarization map, it is
not an easy task to produce the distribution of
magnetic fields.

B. Deconvolution. Final comments can be
directed toward the possibility of determining
the magnetic field orientation of the corona
directly from the observational data rather than
from a comparison with models.

First, we now realize that the Stokes param-
eter for the volume emission is buried inside
integrals: the integral over the disk, for the
incident radiation field, and the integral along
the line of sight which samples a variety of
orientations of magnetic fields. Next we note
that the volume emission Stokes parameter is a
function of the population of the magnetic sub-
levels that give rise to the forbidden line, and
these populations are functions of the parameters
of the corona, including the orientation of the
magnetic field. Accordingly, we see that the
angles for the field are rather deeply buried in
the statistical equilibrium equations and there-
fore rather difficult to get at by direct decon-
volution schemes.

There are indirect iterative schemes for de-
convolution that are being pursued by Querfeld
et al. (1974), but as yet no definitive results
exist.

V. Conclusion

In this paper an attempt has been made, first
in simplified terms, to describe some of the
physics of the formation of emission-line polariza-
tion. The complete physics that must go into
realistic calculations of coronal emission-line
polarization has then been indicated, in some-
what more detail. Also, some of the difficulties



. 86..490H

1974PASP. .

POLARIZATION OF CORONAL FORBIDDEN LINES ) 499

Fic. 7 — A potential field map of the magnetic field based upon photospheric data, and the accompanying theoretical
polarization model of the 5303 A emission line.

that are to be encountered in translating emis-
sion-line polarization observations into realistic
maps of the coronal magnetic fields have been
described. Clearly, it is a complicated problem
to derive magnetic fields from the coronal emis-
sion-line polarization data, but the physics is
available to guide our interpretations. It is per-
haps because we do have a complete grasp of
the physics of the problem that it appears com-
plex. Many problems in astrophysics or solar
physics seem simple only because much of the
physics may be missing.

Through concentrated work on this problem,
and with data available from both the Univer-
sity of Hawaii’s 5303 A polarimeter (Orrall 1971;
Mickey 1973) and the High Altitude Observa-
tory’s coronal emission-line polarimeter (Quer-
feld 1974) that will measure the 10747 A line of
Fe xm, it is hoped that one will be able to pro-
duce the sorely needed maps of the coronal mag-
netic fields in the near future.
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