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Magnetoseismology, a technique of magnetic field diagnostics based on observations of magnetohydrodynamic (MHD) waves,
has been widely used to estimate the field strengths of oscillating structures in the solar corona. However, previously magnetoseis-
mology was mostly applied to occasionally occurring oscillation events, providing an estimate of only the average field strength
or one-dimensional distribution of field strength along an oscillating structure. This restriction could be eliminated if we apply
magnetoseismology to the pervasive propagating transverse MHD waves discovered with the Coronal Multi-channel Polarime-
ter (CoMP). Using several CoMP observations of the Fe xm 1074.7 nm and 1079.8 nm spectral lines, we obtained maps of the
plasma density and wave phase speed in the corona, which allow us to map both the strength and direction of the coronal magnetic
field in the plane of sky. We also examined distributions of the electron density and magnetic field strength, and compared their
variations with height in the quiet Sun and active regions. Such measurements could provide critical information to advance our
understanding of the Sun’s magnetism and the magnetic coupling of the whole solar atmosphere.
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1 Introduction

Originating from the solar interior, the solar magnetic field
extends to the solar surface and couples different layers of
the solar atmosphere (Figure 1). Because of this, informa-
tion on the magnetic field of the whole atmosphere is re-
quired to study the interplay between the solar plasma and
magnetic field. However, routine and reliable measurements
of the solar magnetic field have only been achieved at the
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photospheric level (e.g., [1,2]). We still do not have a pre-
cise knowledge of the magnetic field in the upper solar atmo-
sphere, especially the corona, which impedes our complete
understanding of a wide range of phenomena including the
solar cycle, solar eruptions and heating of the coronal plasma.

Without routine measurements of the coronal magnetic
field, extrapolations from the observed photospheric magne-
tograms often serve as an important tool for reconstruction
of coronal magnetic field structures (e.g., refs. [3-7]). Ex-
trapolation models can be classified into potential field, linear
force-free field and non-linear force-free field extrapolations.
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Figure 1 shows an example of the global coronal magnetic
field structures obtained from the most frequently used po-
tential field source surface (PFSS) model. In addition, mag-
netohydrostatic (e.g., refs. [8,9]) and magnetohydrodynamic
(MHD) models (e.g., refs. [10, 11]) have also been devel-
oped to reconstruct three-dimensional (3D) magnetic field
structures in the solar atmosphere. Although widely used
for investigations of the coronal magnetism, these models are
highly dependent on various assumptions, which are not al-
ways valid on the Sun.

Direct measurements of the coronal magnetic field through
spectropolarimetric observations have been attempted in the
past two decades. The linear polarization of some coronal
forbidden lines is sensitive to the magnetic field orientation in
the plane of sky (POS) (e.g., refs. [12—14]), and the degree of
linear polarization could be used to diagnose some magnetic
structures such as flux ropes [15-17]. Due to the weak field
in the corona, circular polarization signals associated with the
longitudinal Zeeman effect are usually very weak. In order
to measure the line-of-sight (LOS) component of the coro-
nal magnetic field, often a long integration time is required to
increase the signal-to-noise ratio (S/N) of the circular polar-
ization data. Only a couple of successful measurements have
been performed using this method [18, 19].

Besides spectropolarimetric measurements, several other
techniques have also been developed to probe the coronal
magnetic field. For instance, the standoff distance method

Figure 1  Global coronal magnetic field on Oct 14, 2016 obtained from
the PFSS model. The colored lines represent selected magnetic field lines.
The synoptic photospheric magnetogram used for the PFSS model is shown
in the middle, and the red and blue patches represent different polarities of
the longitudinal magnetic field.

could be used to infer the field strengths along the paths of
shocks driven by fast coronal mass ejections (CMEs) [20].
Radio spectral observations of type III bursts, spike struc-
tures associated with type IV bursts and zebra patterns could
also provide estimates of the magnetic field in the coronal
source regions of the radio emission [21-23]. In addition,
when the emission mechanisms are known, microwave imag-
ing at one or more frequencies could be used to produce
maps of the coronal magnetic field strength in limited regions
[24-29]. More recently, the phenomenon of magnetic-field-
induced transition (MIT) [30] has caught the attention of the
solar physics community, and theoretical and laboratory in-
vestigations have demonstrated the potential of MIT lines in
measurements of the coronal magnetic field [31-33].

Another frequently used approach for measurements of
the coronal magnetic field is coronal seismology or mag-
netoseismology, which refers to magnetic field diagnostics
based on observations of MHD waves or oscillations (e.g.,
ref. [34,35]). For transverse kink oscillations, the magnetic
field strengths in or outside oscillating structures could be de-
rived if the local density is assumed or estimated [36—43].
However, these rare single-oscillation events are often re-
lated to flares or CMEs, and their observations can pro-
vide an estimate of only the average field strength or one-
dimensional (1D) distribution of field strength along an os-
cillating structure. This restriction could be eliminated if we
apply magnetoseismology to more ubiquitous and continu-
ous oscillations or waves in the corona. At least two types
of such oscillations/waves are known to exist in the corona:
the decayless/persistent standing transverse waves in coro-
nal loops observed through extreme-ultraviolet (EUV) imag-
ing and spectroscopic observations [44—47], and the perva-
sive propagating transverse waves observed with the Coro-
nal Multi-channel Polarimeter (CoMP, [48]) [49-54]. These
ubiquitous oscillations/waves, especially the latter, are poten-
tially important for continuous diagnostics of coronal mag-
netic field [52,55]. By applying the technique of magne-
toseismology to the pervasive propagating waves observed
with CoMP, we could map the magnetic field in the corona.
The first attempt was made for a trans-equatorial loop system,
though the magnetic field magnitude was obtained at only a
limited number of pixels in the bottom part of the loop sys-
tem [56]. Recently, using CoMP observations on October 14,
2016, we managed to perform the first measurement of the
global coronal magnetic field in the POS [57].

In this paper, we will present analysis results for more
datasets using the same technique. We will also present maps
of the POS magnetic field orientation measured from wave
observations and the magnetic azimuth derived from linear
polarization observations. In addition, we will examine dis-
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tributions of the electron density and magnetic field strength,
and compare their variations with height in the quiet Sun and
active regions.

2 Instruments and data

The CoMP is a 20-cm aperture coronagraph mounted at
Mauna Loa Solar Observatory in Hawaii. It can perform
spectropolarimetric observations at infrared wavelengths. We
used the data sampled at several wavelength positions across
the spectral profiles of Fe xm 1074.7 nm and 1079.8 nm on
October 14, 2016 (dataset D1), November 3, 2016 (dataset
D2) and March 20, 2017 (dataset D3). These three observa-
tions were taken under relatively good and stable observing
conditions. The spatial sampling is ~4.35”. The field-of-
view (FOV) is about 1.05-1.35 solar radii from the solar cen-
ter. We used the Stokes-I profiles of the two lines for density
diagnostics, the Stokes-I data of Fe xm 1074.7 nm for wave
tracking, and the Stokes Q and U data of Fe xm 1074.7 nm for
calculation of magnetic azimuth. The Doppler velocity and
peak intensity were obtained through an analytical Gaussian
fitting to the three-point intensity (Stokes-I) profile at each
spatial pixel [58]. The details of the three observations are
summarized in Table 1. For dataset D1, intensity images of
the two Fe xm lines have been presented in our previous work
[57]. Figure 2(b), (c) and Figure 3(b), (c) show the Fe xm
intensities for the other two datasets. Note that for datasets
D2 and D3, we present results derived from only the good-
quality data in parts of the global corona. We only show
pixels where the Fe xm 1074.7 nm peak intensity is higher
than 1.0 ppm (millionth of the solar disk intensity). In addi-
tion, we excluded pixels where the phase speed (see below)
exceeds 2000 km s~! from the maps of phase speed and mag-
netic field strength.

For comparison, we also used the simultaneously obtained
19.3 nm images observed by the Atmospheric Imaging As-
sembly (AIA, ref. [59]) on the Solar Dynamics Observatory
(SDO). For dataset D1, again we refer the chosen AIA im-
age to our previous work [57]. For dataset D2, we chose the
AIA 19.3 nm image observed at 20:00:07 UT on November
3,2016 (Figure 2(a)). For dataset D3, the AIA 19.3 nm image
obtained at 19:00:18 UT on March 20, 2017 was used (Fig-

Table 1 Details of the CoMP observations used in our study
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ure 3(a)). These images have a spatial sampling of ~0.6".

3 Analysis results

3.1 Coronal magnetic field measurements through mag-
netoseismology

Previous CoMP observations have shown that the pervasive
propagating transverse waves, manifested as propagating per-
turbations in the Fe xm 1074.7 nm Doppler velocity se-
quences, often have a power spectrum peaked around 3.5
mHz (corresponding to a period of ~5 min) [49, 50, 52, 54].
These transverse waves are identified as kink or Alfvénic
waves. Considering the lower-beta coronal environment and
the moderate spatial resolution of CoMP (~9"), an appropri-
ate expression of the wave phase speed (cy) is [52,55-57]

B
Vo o)

where B, py and (p) are the magnetic field strength, mag-
netic permeability of a vacuum and plasma density averaged
within a spatial pixel, respectively. This equation shows that
the field strength can be directly calculated once the phase
speed and density are known.

To calculate the phase speed and plasma density, we uti-

e))

Cr =

lized the wave tracking procedure that was developed around
2007 and further improved in the past decade [49, 50,52,57,
60], and the same line ratio method for density diagnostic
in our previous work [57]. Detailed descriptions of these
methods and estimations of the associated uncertainties can
be found in the publications mentioned above. Here we just
briefly describe the diagnostic procedures and present the re-
sults.

The intensity ratio of the Fe xm 1079.8 nm / 1074.7 nm line
pair is known to be sensitive to electron density (N.). We uti-
lized the CHIANTT database version 9.0 [61, 62] to generate
the theoretical relationship between the Fe xm 1079.8/1074.7
line ratio and electron density in the range of 1.05 Ry to
1.35 Ry, considering both collisional excitation and photo-
excitation. To include photo-excitation, a uniform spheri-
cal blackbody radiation source with a typical solar surface
temperature is assumed [63]. Figure 4 shows the theoreti-
cal curves at several heights. As a comparison, the theoret-

Time range for

Datasets s .
density diagnostics

Frame number for
density diagnostics

Frame number for wave
tracking/azimuth calculation

Time range for wave
tracking/azimuth calculation

D1 (October 14, 2016)
D2 (November 3, 2016)
D3 (March 20, 2017)

19:24 UT-20:17 UT
19:14 UT-20:20 UT
18:27 UT-19:43 UT

1074.7 nm: 49, 1079.8 nm: 10
1074.7 nm: 63, 1079.8 nm: 12
1074.7 nm: 78, 1079.8 nm: 14

20:39 UT-21:26 UT
20:34 UT-21:37 UT
19:53 UT-20:44 UT

1074.7 nm: 94
1074.7 nm: 125
1074.7 nm: 101
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Figure 2  Analysis results for the observation on November 3, 2016 (dataset D2). The dotted and dashed curves mark the solar limb and the inner boundary
of the CoMP FOV, respectively. (a) The AIA 19.3 nm image taken at 20:00:07 UT. (b), (c) The intensity maps of Fe xur 1074.7 nm and 1079.8 nm. (d)—(e) The
maps of electron number density and its uncertainty. (f) The filtered Doppler velocity map at 20:34:54 UT. (g)—(h) The maps of phase speed and its uncertainty.

(i)-(j) The maps of derived Bpps and its associated uncertainty.

ical curve without consideration of photo-excitation is also
plotted. From these theoretical curves, we obtained maps
of the electron number density and the associated uncer-
tainty. The results are presented in our previous work [57]
(dataset D1) and in Figure 2(d)—(e) (dataset D2) and Fig-
ure 3(d)—(e) (dataset D3). Results from all datasets show
that the electron number density mostly falls in the range of
1073 — 1083 cm™3. Considering the typical coronal composi-
tion, the average plasma mass density ({p)) can be calculated
as 1.2N.my,, where my, is the proton mass (e.g., ref. [45]).

The phase speed is obtained through the wave tracking

procedure. For each spatial pixel, we first interpolated the
Doppler velocity time series to achieve a 30-s regular ca-
dence, then filtered the interpolated time series to extract the
3.5-mHz (1.5-mHz FWHM) component. After that, a 41x41
pixel box was assigned around each spatial pixel, and the co-
herence between the time series at this and surrounding pixels
was calculated. The high coherence region is usually elon-
gated, and the orientation of its elongation was defined as the
wave propagation direction/angle. After performing this cal-
culation for all pixels, we can obtain a map of wave propaga-
tion angle. For the purpose of comparison, we also calculated
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Figure 3  Same as Figure 2, but for the observation on March 20, 2017 (dataset D3).

the magnetic azimuth from linear polarization observations
using the following equation:

¢ = ltan‘1 (g)
2 0

The linear polarization measurements have an intrinsic
180° ambiguity. Figure 5 shows the maps of wave propa-
gation angle and magnetic azimuth for dataset D1. Similar
maps for datasets D2 and D3 are depicted in Figure 6. Both
the wave propagation direction and magnetic azimuth were
measured relative to the east-west direction and are restricted
within the range of —90° and 90° due to the 180° ambiguity.
In the maps of magnetic azimuth, we only show pixels with a
linear polarization degree greater than 0.06, because a lower
linear polarization degree is subject to a greater uncertainty in
the calculated azimuth [64]. The patterns of wave propaga-

(@)

tion angle and magnetic azimuth are generally similar for all
the three datasets, suggesting that both parameters could pro-
vide information on the POS direction of the magnetic field.
However, distinct differences are seen at several locations, es-
pecially locations where apparent loop structures are present,
e.g., y positions of —100” to 200" in Figure 6(a). In these
regions, the wave propagation directions are generally con-
sistent with the loop structures visible in the corresponding
AIA intensity images. Note that the abrupt changes of wave
propagation angles at some pixels in these regions are actu-
ally caused by the 180° ambiguity of wave angle, e.g., wave
angles with values close to —90° and 90° actually represent
similar wave propagation directions. In some parts of these
regions, the angle between the local magnetic field and the so-
lar radial direction could exceed the Van Vleck angle (54.74°,
[65]), and thus the measured azimuth is subject to the 90° Van
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Intensity ratio of Fe XIIl 1079.8/1074.7

Figure 4 The theoretical relationship between line ratio and electron
density. The dot-dashed curve is the result without consideration of photo-
excitation. The colored solid curves show results at different heights when
taking into account both collisional excitation and photo-excitation.

Vleck ambiguity. This effect appears to be responsible for
some differences between the calculated wave angle and
magnetic azimuth.

Based on the derived wave angles, a wave propagation path
with a 31-pixel length can be traced for each pixel. The white
curve in Figure 6(a) is an example of the traced wave path.
A space-time diagram along each wave path was then con-
structed. A k-w diagram was obtained by a fast Fourier trans-
form (FFT) to the space-time diagram. Two branches of the
k-w diagram correspond to waves that propagate outward and

Sci China Tech Sci
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inward. Previous works have shown that the power of the
outward propagating wave often dominates over the inward
wave, resulting in a less accurate determination of the phase
speed of inward wave (e.g., refs. [50, 66]). Therefore, we
applied an inverse FFT only to the negative-frequency part of
the k-w diagram, and obtained a space-time diagram for the
outward wave (e.g., Figure 7(a)). A cross correlation of the
time series at the center of the path with those at other lo-
cations on the path was calculated, resulting in a scatter plot
showing the time lag at different locations (e.g., Figure 7(b)).
Finally, a linear fitting was applied to the scatter plot to es-
timate the phase speed and its associated uncertainty. Snap-
shots of the Doppler velocity image sequences and the wave
tracking results for datasets D2 and D3 are presented in Fig-
ure 2(f)—(h) and Figure 3(f)—(h), respectively. The phase
speeds are mostly in the range of 300 to 700 km s~!, simi-
lar to those in dataset D1 [57].

By substituting the derived density and wave phase speed
into eq. (1), we obtained the magnetic field strength. Since
the measured phase speed is the component of the phase
speed in the POS, the derived field strength is also the POS
component. Figure 2(i)—(j) and Figure 3(i)—(j) show the
maps of derived field strengths and associated uncertainties
for datasets D2 and D3. The field strengths are mostly 1-5
Gauss and the uncertainties are generally smaller than 15%,
comparable to those in dataset D1 [57]. The obtained field
strengths are consistent with some estimations of the coronal
magnetic field at similar heights using other approaches (e.g.,
refs. [19,20,67]). As mentioned in our previous work [57],
due to the unknown distribution of electron density along the
LOS, an additional uncertainty of ~12% might be present in
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Figure 5 The maps of wave propagation angle (a) and magnetic azimuth (b) for the observation on October 14, 2016 (dataset D1). The dotted and dashed
curves mark the solar limb and the inner boundary of the CoMP FOV, respectively. Pixels with a linear polarization degree lower than 0.06 have been removed

from the azimuth map.
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Figure 7  The calculation of phase speed. (a) Space-time diagram for the

outward propagating wave along a sample path shown in Figure 6(a). (b)
Estimation of the wave phase speed through a linear fitting to the scatter plot
of position versus time lag.

our derived Bpps. It is also worth mentioning that the current
wave tracking method only considers the fitting error when
estimating the uncertainty in phase speed. This likely under-
estimates the uncertainties in phase speed and magnetic field
strength at some locations.

3.2 Distributions of coronal magnetic field strength and
electron density

Histograms of the measured electron number density (N.)
and magnetic field strength (Bpos) in different height ranges
for dataset D1 are presented in Figure 8. The red and blue
histograms represent plasma parameters measured from two
annulus sectors representing the quiet sun (QS) and another
two annulus sectors enclosing active regions (ARs), respec-
tively. The two QS regions are located at the east limb. For
the inner boundaries of these two annulus sectors, the ranges
of y coordinates are from 394" to 506” and from —754" to
—428". The two annulus sectors representing ARs are placed
at the west limb. For their inner boundaries, the y positions
are in the range of 54" to 550" and —598" to —141"".

It is clear that both the electron density and magnetic field
decrease with height, and that both are systematically lower
in the QS than in ARs. In addition, the difference between
the QS and ARs becomes smaller as the height increases.
We have also performed similar analyses for the other two
datasets, and found a similar behavior.

To show the variations of N, and Bpps with height, we
chose the same annulus sectors mentioned above, and aver-
aged the measured physical parameters within each 0.01 R
height interval in the selected sectors. The height variations
of the two parameters and associated standard errors on the
mean values are shown in Figure 9. Several previous inves-
tigations (e.g., ref. [67]) have shown that the variations of
the coronal density and magnetic field with height follow a
power-law function. Thus, we performed a simple power-
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law fitting to each measured curve in Figure 9. For both the
electron density and magnetic field strength, a larger power-

law index has been found in ARs than in the QS, indicating a
stronger decrease in ARs. Analyses of the other two datasets
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have also yielded a similar result.

For comparison we also show results from two density
models [68, 69] in Figure 9(a) and (b). Our measured QS
densities appear to be similar to the Leblanc model. The den-
sity values from the Newkirk model are several times larger
than those in our measurements for both the QS and ARs.
However, several recent off-limb observations of the inner
corona have provided density values similar to our measure-
ments [70-73]. Also, different active regions could have very
different densities, which may partly explain the discrepancy
between these measurements and the Newkirk density model.

The measured coronal magnetic field strengths are mostly
1-4 G in the height range of 1.05-1.35 Ry. Our derived field
strengths are consistent with results from some previous mea-
surements using other techniques. For example, shock ob-
servations have revealed field strengths of 1.3-1.5 G in the
height range of 1.3-1.5 Ry [20] and 1.7-2.1 G in the range
of 1.1-1.2 Ry [67]. And a spectropolarimetric measurement
has yielded a field strength of ~4 G above an active region at
the height of 1.1 Rg [19].

4 Discussion

Previous measurements of the coronal magnetic field through
magnetoseismology normally provided an estimate of only
the average field strength or 1D distribution of field strength
along an oscillating structure. By applying the technique of
magnetoseismology to the pervasive propagating transverse
waves observed with CoMP, we now can obtain 2D distribu-
tions of the coronal magnetic field (coronal magnetograms),
thus marking a leap forward in the application of magneto-
seismology. Our analysis demonstrates that both the strength
and direction of the coronal magnetic field in the POS can
be obtained through actual coronal observations, filling the
missing part of the measurements of the Sun’s magnetism.
Our technique relies on density diagnostics and wave
tracking. For wave tracking, we need to perform a continu-
ous observation of the stronger Fe xi 1074.7 nm line for ~1
h or longer. During this period, normally the Fe xmr 1079.8
nm line could not be observed with CoMP. Thus, additional
time is required to observe both Fe xu lines for density diag-
nostics. In many CoMP observations the Fe xm 1079.8 nm
line was not used or had a S/N too low to allow a reliable
density diagnostic. In such cases, it is still possible to obtain
the density using simultaneous observations of the polarized
brightness (e.g., ref. [38]) with instruments such as K-Cor.
The ubiquitous propagating transverse waves observed
with CoMP are identified as kink waves. It has been shown
that when the length scale of the waveguide (i.e., radius of
the flux tube) is much smaller than the wavelength, the kink
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wave is nearly incompressible and the restoring force is dom-
inated by magnetic tension [52, 74,75]. This indicates that
the kink wave is of Alfvénic nature at the limit of long wave-
length or thin flux tube, which should be the case in our
observations. Therefore, these ubiquitous transverse MHD
waves are sometimes also called Alfvénic waves (e.g., refs.
[45,50,52,54,55,76]).

From maps of the wave propagation angle, we see abrupt
changes of the angle at several locations. As mentioned in
sect. 3, some of these abrupt changes (e.g., around y=100"
in Figure 5(a), y=0" in Figure 6(a), y=600" in Figure 6(c))
are related to the 180° ambiguity, i.e., angles around +90°
and -90° are actually similar angles, thus do not affect the
determination of the wave propagation paths and the subse-
quent calculation of the phase speeds. Some other abrupt
changes (e.g., around y=350" in Figure 6(c)) are likely re-
lated to the complication by possible superimposition of dif-
ferent magnetic structures along the LOS or the low S/N. An
anomalous angle may result in an obvious change in the di-
rection of a constructed wave propagation path, meaning that
different parts of the constructed path could trace adjacent
magnetic field lines. However, from the Doppler velocity
image sequence, we can see that the ubiquitous transverse
waves often show coherent propagation across at least a few
pixels, suggesting that adjacent field lines have similar di-
rections and that waves propagate at similar speeds along
adjacent field lines. Considering this, we expect that these
anomalous angles may have a limited impact on the calcu-
lated phase speeds. We examined several locations of such
abrupt changes in wave angles, and found that the extracted
wave propagating paths are generally consistent with the loop
structures visible from the intensity images, confirming the
robustness of our results. A third group of abrupt changes in
the maps of wave angle appear near the inner boundary of the
FOV (e.g., around y=450" in Figure 6(a)). Since there are
not enough data points below a near-boundary pixel, the de-
termination of the wave propagation angle at this pixel from
the coherence calculation is likely subject to a large uncer-
tainty or even untrustworthy. In addition, there is increased
uncertainty near the lower boundary due to guiding errors that
cause increased noise just outside the occulting disk. These
could result in an obvious deviation of part of the constructed
wave path from the actual wave propagation direction. Thus,
the calculated wave angles and phase speeds at some loca-
tions near the inner boundary should be treated with caution.

Due to some issues with both the wave propagation angle
(abrupt changes of wave angle at some locations) and mag-
netic azimuth (Van Vleck ambiguity and large uncertainty in
regions of weak linear polarization), we suggest to use both
maps to accurately infer the POS direction of coronal mag-
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netic field. A combination of the two maps allows us to cor-
rectly determine the magnetic field directions in regions with
less accurate measurements of the wave propagation angle or
magnetic azimuth.

We realize that the current method likely cannot provide
magnetograms in coronal holes due to the very low S/N of
the two Fe xm lines. The upgraded CoMP (UCoMP, [77]) in-
strument will observe emission from more spectral lines in a
larger FOV. Some lines are expected to have emission in the
lower-temperature coronal holes, and observations of them
might allow us to map the coronal magnetic field in coronal
holes. In addition, the higher spatial resolution of UCoMP
observations will provide coronal magnetograms at a higher
resolution.

With a much smaller FOV and higher spatial resolution,
upcoming observations of the local coronal magnetic field
from the Daniel K. Inouye Solar Telescope (DKIST, [78])
will be complemented by CoMP-like observations of the
global or large-scale coronal magnetic field. Moreover, by
combining our measurements of the POS field and DKIST
measurements of the LOS field through Zeeman effect, in-
formation on the coronal vector magnetic field could be ob-
tained.

5 Summary

As a follow-up of our recent application of magnetoseis-
mology in the measurements of the global coronal magnetic
field [57], here we have obtained coronal magnetograms from
more CoMP observations. Similar to our previous measure-
ments, the electron number density and POS component of
magnetic field in the height range of 1.05 Ro—1.35 Rg have
been found to be mostly 1075-1085 ¢cm~3 and 1-5 Gauss, re-
spectively.

In addition, we have presented maps of the wave propa-
gation direction derived through Stokes-I measurements and
the magnetic azimuth derived from linear polarization obser-
vations. In general, each of these two maps can reliably re-
veal the POS distribution of the magnetic field orientation. A
combination of these two independent measurements could
resolve different uncertainties in the determination of the field
direction at some locations.

We have also plotted distributions of the measured elec-
tron density and magnetic field strength, and compared their
variations with height in the quiet Sun and active regions. A
stronger decrease has been found in active regions than in the
quiet Sun.

These results demonstrate the great potential of spectro-
scopic observations with CoMP-like instruments in routine
measurements of the coronal magnetic field. Together with
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simultaneously measured photospheric magnetograms, such
coronal magnetograms could provide critical information to
advance our understanding of the magnetic coupling between
different atmospheric layers as well as the physical mecha-
nisms responsible for many types of dynamics in the solar
atmosphere.
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