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Abstract.  Spectropolarimetry using IR wavelength of 1 Introduction
1075 nm has been proved to be a powerful tool for directly
mapping solar coronal magnetic fields including transverseThe solar coronal magnetic fields play a dominant role in the
component directions and line-of-sight component intensi-coronal plasmas distribution and dynamics. During the last
ties. Solar tomography, or stereoscopy based on EUV obdecades, a few useful methods have been developed based
servations, can supply 3-D information for some magneticon model assumptions for radio observations to derive coro-
field lines in bright EUV loops. In a previous papéifand  nal magnetic field strength (e.Gtelzried et al.197Q Pat-
Lin, 2008 the locations of the IR emission sources in the zold et al, 1987 Gary and Hurforgd1994 Alissandrakis and
3-D coordinate system were inferred from the comparisonDragq 1995 Brosius et al. 1997 Lee et al, 1999 Borovik
between the polarization data and the potential-field-sourceet al, 1999 Aurass et al.2009; or based on the scattering
surface (PFSS) model, for one of five west limb regions inpolarization of coronal emission lines (CELS) to map coro-
the coronal(in et al, 2004. The paper shows that the re- nal magnetic field directionsMickey, 1973 Querfeld and
gion with the loop system in the active region over the photo-Smartt, 1984 Arnaud and Newkirk1987 Lin et al., 1998.
spheric area with strong magnetic field intensity is the regionSome valuable progresses have been made recently which
with a dominant contribution to the observed Stokes signalsuse the strong infrared Fe XIll 1075nm CEL for Zeeman
So, the inversion of the measured Stokes parameters coulgplitting observationskuhn, 1995 Lin et al,, 200Q 2004).
be done assuming that most of the signals come from a relaBased on the Zeeman effect, the coronal flux density can be
tively thin layer over the area with a large photospheric mag-deduced with a high sensitivity of about 1 G with the cur-
netic field strength. Here, the five limb coronal regions arerent technologiesGasini and Judgel999 Lin and Casini
studied together in order to study the spatial correlation be2000. Penn et al(2004) studied the noise sources in corona-
tween the bright EUV loop features and the inferred IR emis-graphic magnetic field strength measurements. Tomczyk and
sion sources. Itis found that, for the coronal regions abovecolleagues have found the direct evidence of Atfwvaves
the stronger photospheric magnetic fields, the locations ofn the corona with their new instrument CoMPomczyk et
the IR emission sources are closer to or more consistent witkil.,, 2007, 200§ 2009. The recent reviews on IR coronal
the bright EUV loop locations than those above weaker pho-magnetic field measurements and inversions can be found in
tospheric fields. This result suggests that the structures of th&ramar et al(2006); Liu and Lin (2009; Cargill (2009).
coronal magnetic fields observed at IR and EUV wavelengths The imaging coronal spectropolarimeter named SOLARC
may be different when weak magnetic fields present there. (splar Observatory for Limb Active Regions and Coronae)
had been installed on Haleakakéuhn et al, 2003. A line-
Keywords. Solar physics, astrophysics, and astronomy of-sight (LOS) coronal magnetogram was shownLiy et
(Corona and transition region; Magnetic fields) al. (2004 as one of the first results taken by SOLARC. What
coronal magnetic field information can be obtained from the
new IR data is a cardinal question that needs to be answered.
Judge(2007) has studied theoretical aspects of this problem,
pointing to the determination of the atomic alignment as a
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Fig. 1. Error profiles for the five coronal regions with PAH at 296, 291, 286, 281, and 276 degrees, respectively. The lpoatayeges)

of the minimum error in @, p profile is thought to be the dominant IR coronal “emission source” along the LOS. For convenience, only the
1st-10th fibers at the 3rd row of the fiber head array 83 are shown for each coronal region. Most profiles (thick gray liagg;) show

a clear minimum value between layer 120 (above a sunspot) and layer 155 (the plane of the sky through the sus,canter). are the

difference between the theoretical results and SOLARC observations for linear polarization degree and azimuth angle, respectively. Note, 1
lyr=4.5 Mm.

by comparing the observed circular and linear polarizationsrameters used in this paper are the same dsurand Lin
with the synthesized maps based on the potential field model2008 for IR coronal emission sources inference from the
The comparison procedure was accomplished point by poinSOLARC spectropolarimetric data. In the coordinate sys-
along the LOS in the datacube. The best consistence for bottem, thex-axis points to the geographic west direction and
linear and circular polarizations was found at the layer in thethe z-axis is parallel to the LOS. Different from the last pa-
corona above a sunspot near the solar limb, indicating thaper which focused on one coronal region with both circular
local coronal magnetic fields may be revealed from the IRand linear polarization observations, in this study we apply
polarization data with the proper coronal magnetic field in- the optimized procedure to all five coronal regions with lin-
version method. ear polarization data available. The profile difference (rms

In this paper, we use the linear polarization data by SO-error; o) for each fiber point is a function of the coordinate
LARC to study the five limb coronal regions together. We z along the sight line. The differences represent the devi-
solve the single points along each LOS using methods deations between the theoretical and the observational polar-
veloped by Liu and Lin (2008), by minimizing differences izations. o, is for linear polarization amplituder, is for
between observed and computed linear polarizations takeazimuthal angle ane  p is the combination of the two, i.e.,
from a potential field extrapolation. The derived points from o2rp :apz—i—chZ.

IR data are compared with EUV images of Fe XII. . . . .
Similar to results of the region PAH 28&.i( and Lin,

2008, the profiles ob p vs. z in the other four regions also
2 Results show a clear dip. As a typical comparison, Fig. 1 shows the
opp profiles for each region at a same fiber row. Such a
The five west limb coronal regions had been shown in Fig. 2common feature for different coronal regions is worthy of
of Lin et al. (2004 with PAH (i.e., the Position Angle in the study. Based on the results loiu and Lin (2008, in which
Heliocentric coordinate system) of 296, 291, 286, 281, andthe identical peak/valley locations were noticed for differ-
276 degrees, separately. The coordinate system and the pant profiles ¢, p, o, , o, coronal electron density, magnetic
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Fig. 2. Layelegs i-€., IR emission source locations inferred by the method of Liu and Lin (2008), as a function of position (in fiber head
array) for the five coronal regions. The rows in each column represent the eight rows of the fiber head ar8y Th& error bar is defined

to be the difference betweer), ando, (Fig. 1). The median value of the laygy; in a row is shown as a number at the lower right corner

of each box.
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Fig. 3. The active region configurations seen in the EUV wavelengths with solar rotation in one week. The yellow lines are made by the
PFSS method extrapolation and they are overlaid on the EUV images for configurational comparison. The white rectangle region in the last
frame (7 April) shows the field of view of the SOLARC observation.

field energy density and Stokés reversal signals), we de- If we presume that the basic coronal structures in EUV
duce that this identical spatial relation was a result causedvavelengths be kept stable and the same during the days be-
by the same coronal region above a sunspot with dominantore the solar limb SOLARC observation, it would be inter-
emission sources which contributed much more photon fluxesting to compare the inferred IR emission sources with the
for our IR observations than the other coronal fields did alongeUV bright features. The assumption is supported by the
the LOS. With this method, we may localize a position along fact that very low solar activities seen in the sunspot region
the LOS with a very valuable contribution to the measuredNOAA 10582 for a week before it was rotated to the west
Stokes components. The error of the deduced location  limb. Figure 3 shows the active region with its EUV config-
the method can be defined to be the difference betwgen uration kept almost the same throughout the week. The yel-
ando,. The smaller the difference is, the smaller the errorlow lines are produced using the extrapolation based on the
for the deduced. PFSS modell(iu and Zhang2002, and the white rectangle
) ) ) ) is the field of view of the SOLARC observations on 7 April

Figure 2 shows the values (in unit of layer, i.e.lyr; 5004 \we rotate back the 3-D coordinates of the IR emis-
Layermes) with error bars by the method for each fiber data gjon sources to the date when the sunspot region was on the
in all five coronal regions. Note that the first Iayeyr_(z 1) solar disk center. The new 2-D coordinatesy() of the IR
and the last layer/¢r = 205) are located 720Mm in front  gission sources can then be overlaid directly on the EUV
and 250 Mm behind the plane of the sky containing the Sufy,ges for comparison. Figure 4 shows the results for the
center. The separation between the layers is about 4.5 M6 coronal regions from the top frame to the bottom frame,
It can be seen that most derived IR emission sources argagpectively. The IR emission sources of the two northern
mainly distributed at around= 120 where the sunspot re-  reqions (PAH 296 and 291) are found to be distributed in two
?(;Z;hl\(le(r):A 10582 is located near the solar limb on the pho- ¢ sters, but they appear to be more dispersed for the region
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Fig. 5. Relation between layggst (IR emission sources locations
by Liu and Lin’s method; with open circles) and the corresponding
EUV brightness at limb. It can be concluded, for one coronal region,
that the larger the percentage of bright EUV poirts-(0.5/may) it

has, the more compact the distribution of the IR emission sources
appears (parameterized byyrgesy)-

of PAH 296 which is the furthest coronal region from the
strong sunspot fields (shown with contours). The IR emission
sources of the two coronal regions of PAH 286 and 281 are
well distributed in more compact layers than the two north-
ern ones. They extend in one dense cluster and they are found
to cover the right parts of the EUV bright loops originating
from the north active region NOAA 10582. In contrast, the
scatters of the IR emission sources in the coronal region of

emission sources inferred by Liu and Lin's method; marked by pAH 276 appear to be much more diffused than all of the
black plus signs) and the EUV bright features on disk. The magneticyihar coronal regions. From the SOLARC limb observation

field contours denote the sunspots positions on the photosphere.

www.ann-geophys.net/27/2771/2009/

on 7 April, this region was just located at the top of a bundle
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of north-south directed transequatorial loops (Fig. Rimet strong photospheric fields at the limb. In this sense, the emis-
al., 20049). If the results by the polarization inversion method sions from the unevenly distributed IR source regions along
correctly reveal the true IR emission source locations, therthe LOS are expected to be contributed dominantly from the
this transequatorial loop system should be optically thin fordenser plasma above the strong photospheric fields. These
the IR line formation and the loop system can be formed bymagnetic field observations for local corona are very impor-
many magnetic field lines in wide distributions in the corona. tant for the direct testing of various solar eruption theories
like flares and coronal mass ejections. For this testing pur-
pose, however, we should use a non-linear force free model
3 Discussion and conclusion in our method because the potential field model indicates no
free magnetic energy in the corona for the eruptions.
We apply the optimized Liu and Lin’s method built in the pa-  Practically, we usually operate SOLARC to observe the
per ofLiu and Lin (2009 for locating observed coronal mag- limb coronal regions with strong EUV 195 emissions for
netic fields from IR linear polarization data to all five coronal routine IR polarization measurements. The results of this pa-
regions observed on 7 April 2004. The idea of this methodper have confirmed the advantage by taking SOLARC obser-
is different from the traditional ways which take the corona vations with the reference from EUV wavelength images to
emission as optically thin for IR observations along sight obtain useful information for the study of local coronal mag-
line (e.g.Judge et al.2006. However, the idea of trying netic fields. Figure 5 shows the plots of EUV intensity vs. the
to use one point along each LOS as a starting point for coroinferred IR sources locations (Laygg) for the five coronal
nal magnetic field diagnosis has been present for many yeanggions. The EUV data have been processed with the stan-
(Querfeld 1982 Judge 2003. Kramar and Inhestgi2007) dard solar software procedures. A general tendency can be
showed the possibility of inversion of the coronal magnetic seen: the higher the percentage of EUV bright points for a
field from IR polarimetric observations using the Hanle ef- field of view, the more concentrated the distributions of the
fect. IR emission sources. In the next step, we plan to compare
In the previous papelL{u and Lin, 2008, we had found the inferred 3-D IR source regions with the 3-D structure of
the clear single valley shown in the LOS profiles of inferred the bright EUV features with the help of coronal tomography
IR source regions for one coronal region with full stokes pa-technology or the 3-D STEREO EUV data.
rameters taken. The smallest deviation between the theo- _
retical and the observational polarization maps indicate the*cknowledgements.thank Phil Judge and another anonymous ref-
best consistency between them, thus the valley (minimumﬁree for their helpful comments on the manuscript. This work

. . .. ‘has been supported by the National Natural Science Foundation of
locations can be thought to be the dominant IR emission. . " 5643010,

source places. _Ba_sed_on this idea, we |nfer_ the source re- Topical Editor R. Forsyth thanks P. Judge and another anony-

gions for IR emission line for all the five regions with the 1oy referee for their help in evaluating this paper.

same method. We find that most of their profiles also show

only one conspicuous dip in the long integration path along
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