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Abstract Up to now, exact measurements of chromospheric magnetic fields have not
been as successful as those done in the photosphere. We are currently engaging in
diagnostics of chromospheric magnetic fields with the Mg b2 line by employing the
Multi-Channel Solar Telescope at Huairou Solar Observing Station. Therefore, how
to improve accuracy in the measurement is the main issue of our present study. To
this end, we first study linear calibration coefficients for longitudinal and transverse
components of chromospheric fields, which vary with wavelength, in the case of a
weak field assumption. Then the polarization crosstalk introduced by instruments is
analyzed in detail with two numerical simulation methods. Comparisons of the po-
larization signals between cases with and without correction are presented. The result
indicates that polarization accuracy is greatly improved after crosstalk correction.
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1 INTRODUCTION

With the development of numerical simulations and polarimetric observations, more and more peo-
ple have begun to pay attention to the structure and dynamics of the solar chromosphere (Solanki
et al. 2006; Harvey 2009). Since the magnetic force is dominant, people wonder whether magnetic
fields can be accurately measured in this atmospheric layer. Measurements of chromospheric mag-
netic fields began in 1908 with Hale (1908), but up to now, the method used in this measurement
remains immature. The main difficulties come from two aspects: one is the weaker strength of the
magnetic fields in the chromosphere compared to that of the photosphere; the other is the relatively
weak polarization signals of the chromospheric lines in the Zeeman regime, arising from the small
ratio of the line splitting to the Doppler broadening in an environment with high temperatures and
large thermal widths (Uitenbroek 2010). Nevertheless, sustained effort has been done in recent years,
focusing on the inversion technique and polarimetric observations of magnetic structures in the solar
chromosphere (Socas-Navarro et al. 2000; Lagg et al. 2004; Leka et al. 2012).
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The chromospheric spectral lines mostly form at relatively high temperatures generated with
light elements such as hydrogen, helium, magnesium, sodium and calcium. Many of them are used
for polarization observations, such as the famous examples of Hα, Hβ, Mg b2, Mg b1, Ca II H, Ca II
K, Na I D, He I 10830 Å and D3 (Harvey 2006, 2009). In general, these lines are divided into two
parts. Some are employed to observe the upper chromosphere while others are used for the lower
chromosphere according to their formation depth. For instance, the He I 10830 Å line is the most
important tool for investigating magnetic field structures in the upper chromosphere (Lagg 2007;
Trujillo Bueno 2009). There are several efforts to acquire a straightforward measurement of the
magnetic field vector in the upper chromosphere using this line (Sasso et al. 2011; Kuckein et al.
2012; Xu et al. 2010, 2012). On the other hand, the Mg b2 line is a line that is formed in the low
chromosphere. There are several authors who have described the detailed inversion of the full Stokes
parameters (I, Q, U, V) with this line (Lites et al. 1988; Qu & Ding 1997; Socas-Navarro et al. 2000;
Bai et al. 2013).

The common features of the spectral lines used to probe the chromosphere are characterized as: a
large spectral width; the center of the line represents a state of non-local thermodynamic equilibrium;
a vast formation range, from the photosphere to the chromosphere; and a weak polarization signal,
especially in the linear polarization (de la Cruz Rodrı́guez et al. 2010). For example, the Mg b2 line,
with an effective Landé g-factor of 1.75, is emitted from the 3p 3P (lower) and 4s 3S (upper) levels.
Its line center is formed at a height of about 900 km, and the line wing, 0.12/0.2 Å from the line
center, is formed about 600/250 km above the bottom of the photosphere (Mauas et al. 1988). The
large formation range of this line offers us an opportunity to investigate solar activities from the
middle photosphere to the low chromosphere. So far, several flares have been detected with this line
(Lawrence et al. 1983).

Two chromospheric lines are utilized for polarization observations at Huairou Solar Observing
Station (HSOS), National Astronomical Observatories (Ai & Hu 1986; Deng et al. 1997; Deng &
Zhang 2009), of which the Hβ line is used in the 35 cm Solar Magnetic Field Telescope, and fruitful
research works have been done with this line (Zhang 1994; Li et al. 1994; Zhang & Zhang 2000). A
second line, Mg b2 5173 Å, as well as a photospheric line pair of Fe I 5247 Å and Fe I 5250 Å, is used
at the Multi-Channel Solar Telescope (MCST), with which we are able to simultaneously measure
the chromospheric and photospheric magnetic fields. The inversion method of chromospheric mag-
netic fields in polarization signals, taken at 0.12 Å from the line center of Mg b2, has been presented
in Bai et al. (2013). However, the calibration coefficients at different wavelength positions were not
presented in that paper. Moreover, analysis of the factors that may affect the accuracy of polarization
when measuring the chromospheric magnetic fields is also not given. Therefore, the purpose of this
paper is to supplement and extend the work of Bai et al. (2013). Moreover, as MCST is a kind of
narrow-band filter magnetograph, we concentrate on some tough problems in the measurement of
chromospheric magnetic fields using a magnetograph, such as magnetic saturation, Faraday rota-
tion, scattered light, polarization crosstalk, wavelength shift (West & Balasubramaniam 1992; Su &
Zhang 2007), etc.

This paper mainly addresses the problem of polarization crosstalk and leaves other problems for
future works. The paper will be organized as follows. Section 2 gives the observations. In Section 3
we concentrate on obtaining calibration coefficients at different wavelength positions of the Mg b2

line. Section 4 mainly describes the causes of polarization crosstalk and the relevant correction
methods. Conclusions and discussion are presented in Section 5.

2 OBSERVATIONS

With the MCST instrument, the primary data sets are spectral scans of Active Region (AR) NOAA
11117 at N22W30 on October 28 and AR NOAA 11236 at N17E30 on 2011 June 11. They are
polarization images extending from –200 mÅ in the blue wing to +200 mÅ in the red wing of the
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Fig. 1 Intensity maps of V/I , Q/I and U/I taken with the lines of Fe I 5247 Å (left) and Mg b2

5173 Å (middle). The active region is NOAA 11465 with an FOV of 3.2′ × 3.2′. A white-line in the
left panels is selected to quantitatively compare the photospheric and chromospheric signals on it,
and the result is shown in the right panels. The dashed/solid line is for the 5173 Å/5247 Å signal.

Mg b2 line center, in steps of 10 mÅ. The observing procedure is as follows. The images of V/I
were acquired first, then Q/I , and last U/I . An example of photospheric and chromospheric polar-
ization images, observed with the lines of Fe I 5247 Å and Mg b2 5173 Å, respectively, is displayed
in Figure 1. The field of view (FOV) of the CCD that was used in MCST is 3.2′ × 3.2′, with a spa-
tial resolution of 0.1875′′ pixel−1. In comparison with images of the photosphere, it can be found
that in the chromosphere the polarization signals are much weaker. To improve the signal to noise
(S/N) ratio in the case of weak signals, a deep integration method was generally employed (Deng &
Zhang 1999). Therefore, each image in this work was a 256-frame integration which improves the
S/N ratio.

3 CALIBRATION COEFFICIENTS

For a filter-based vector magnetograph, the amount of information in the spectrum is very limited.
The way to calibrate the magnetic field strength with this instrument is based on a weak-field approx-
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Fig. 2 Scatterplots of the polarization data versus the vector magnetic fields in the chromosphere.
The data were obtained at ±0.08 Å from the line center of Mg b2. (a) Stokes V/I vs. longitudinal
fields. (b) [(Q/I)2 +(U/I)2]1/4 vs. transverse fields. Linear fits to the data are shown with the solid
lines.

imation (Jefferies et al. 1989). Under this assumption, there are simple linear relationships between
the magnetic field strengths and Stokes parameters

HL = CL(V/I) ,

HT = CT[(Q/I)2 + (U/I)2]1/4 ,

χ = 0.5 tan−1(U/Q), (1)

where HL and HT are the longitudinal and transverse components of the vector magnetic field,
respectively, CL and CT are their corresponding coefficients, and χ is the azimuthal angle of the
transverse field. Therefore, the main problem of calibration is how to obtain CL and CT. A gen-
eralized analytic solution to the transfer equation of polarized radiation is implemented to fit the
spectral data of 168 points selected on the two ARs. With the nonlinear least-squares fitting tech-
nique, we can derive the total field strength H, the inclination angle γ, the azimuthal angle χ and
seven other atmospheric parameters of each point. With scatterplots of the polarization signals of
V/I and [(Q/I)2 + (U/I)2]1/4 against HL and HT, respectively, the linear calibration coefficients
for the magnetic field in the low chromosphere at 0.12 Å from the line center have been obtained in
the previous work of Bai et al. (2013). In this paper, we can obtain the calibration coefficients at the
other wavelength positions off the line center in a similar way.

Figure 2 shows the scatterplots of V/I versus HL, and [(Q/I)2 + (U/I)2]1/4 versus HT at
0.08 Å from the line center. Combining the above procedures, we can obtain the calibration formula
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at 0.08 Å from the line center as

HL = 10600(V/I) ,

HT = 5260[(Q/I)2 + (U/I)2]1/4 . (2)

In Table 1, we present calibration coefficients for the different wavelength positions of the Mg b2

line. One can find that these coefficients change with wavelength, and they reach a minimum value at
0.12 Å from the line center. The table helps to correct the measured magnetic field strength when we
adjust the position of the passband on the filter to acquire polarization signals in different regions on
the Sun, where the working line would shift due to solar rotation. For instance, the Doppler velocity
is ∼2 km s−1 at the east and west edges of the solar equator, corresponding to a wavelength shift of
0.035 Å for the Mg b2 line. This indicates different regions of the Sun should be assigned to different
calibration coefficients when they are observed. Moreover, the calibration has been carried out based
on the observed polarization signals, however, both the linear and circular polarization signals are
actually contaminated with each other due to instrument crosstalk.

Table 1 Linear calibration coefficients CL and CT for HL and HT respectively. The values in the
parentheses are errors of the calibration coefficients.

Position ±0.06 Å ±0.08 Å ±0.10 Å ±0.12 Å ±0.14 Å ±0.16 Å ±0.18 Å

HL 12300 (470) 10600 (150) 8800 (130) 8300 (210) 9140 (270) 11000 (350) 15500 (300)

HT 6740 (330) 5260 (400) 4620 (370) 4390 (350) 5100 (390) 6080 (480) 8190 (544)

In Section 4, we will describe two methods to remove the crosstalk and correct the observed sig-
nals. After the crosstalk corrections, we use this table to calibrate the corrected polarization signals
in different wavelengths with the corresponding coefficients.

4 CIRCULAR-TO-LINEAR POLARIZATION CROSSTALK

Polarization crosstalk is one of the most difficult problems in detection of the chromospheric mag-
netic field. Simply said, it is an undesired noise that contaminates the measured signals, originating
from both the instrument and the Sun itself. The polarization crosstalk introduced by instruments is
mainly produced by the retardation and orientation errors in the quarter-wave plates that are used
to measure the linear polarization (the magnetograph with a KD∗P), by changes in the ambient
temperature of the KD∗P thermal controller, and by instability of the high-voltage power supplies
that control the KD∗P modulator, as well as other reasons. The residual polarization in the geomet-
rical optical systems of the telescope may also cause crosstalk. Crosstalk from the Sun is due to
the anomalous dispersion in the transfer equation, which is an example of a magneto-optic effect,
which also includes the Faraday effect and Voigt effect. Several authors have described the effect of
crosstalk when measuring the photospheric magnetic field with a filter-based magnetograph (West
& Balasubramaniam 1992; Su & Zhang 2007). Nevertheless, there are few attempts to analyze the
crosstalk introduced by the same kind of instrument in diagnostics of the chromospheric magnetic
fields. We try to adopt two methods suggested by Su & Zhang (2007) to correct such polarization
crosstalk. Since the signals of Stokes Q and U are much weaker than those of Stokes V , the circular-
to-linear, V −Q(V − U), polarization crosstalk is more significant, so we concentrate on it in this
work. In addition, we assume that the Stokes Q and U profiles are symmetric and the polarization
crosstalk introduced by the instrument is uniform over the entire FOV.
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4.1 Correction Method 1: Difference in Signal at the Symmetrical Line Wings

If a fraction of circular polarization signal V that goes into the real linear polarization signal Q0 is
Cq, then the relationship between the contaminated signal Q′ and the real one Q0 can be written as

Q′λ0+δλ1
= Q0

λ0+δλ1
+ CqVλ0+δλ1 , (3)

Q′−λ0+δλ2
= Q0

−λ0+δλ2
+ CqV−λ0+δλ2 . (4)

Here Q′λ0+δλ1
and Q′−λ0+δλ2

represent the red and blue wings of the Mg b2 line, respectively; the
subscript λ0 indicates the actual filter position and the wavelength shifts caused by the Doppler
velocity are defined by δλ1 and δλ2. In general, δλ1 = δλ2 in the observations. Subtraction of the
above two formulas yields

Q′λ0+δλ1
−Q′−λ0+δλ2

= (Q0
λ0+δλ1

−Q0
−λ0+δλ2

) + Cq(Vλ0+δλ1 − V−λ0+δλ2). (5)

Assuming that the profile of Stokes Q is symmetric and Doppler velocity is zero, the first term on
the right is zero, and we have

Q′λ0+δλ1
−Q′−λ0+δλ2

= Cq(Vλ0+δλ1 − V−λ0+δλ2). (6)

For Stokes U , a similar equation is

U ′
λ0+δλ1

− U ′
−λ0+δλ2

= Cu(Vλ0+δλ1 − V−λ0+δλ2). (7)

Because Q0
λ0+δλ1

− Q0
−λ0+δλ2

and U0
λ0+δλ1

− U0
−λ0+δλ2

are essentially nonzero, they will
produce errors if neglected. To show the impact of these two terms, a numerical simulation is em-
ployed to calculate the values of (Q′B − Q′R)/(VB − VR)/Cq and (U ′

B − U ′
R)/(VB − VR)/Cu

with respect to variations in the Doppler velocity ξ and of the magnetic field strength H . Here
the subscript B indicates the wavelength −λ0 + δλ1 while R refers to the wavelength λ0 + δλ2

of the selected spectral line, in which λ0 is the filter position. δCq1 and δCu1 are defined by
δCq1 = (Q0

B −Q0
R)/(VB − VR)/Cq and δCu1 = (U0

B − U0
R)/(VB − VR)/Cu.

We set δCq1,u1 = 10% as an assessment criterion to determine whether to consider the terms
Q0

B − Q0
R and U0

B − U0
R in the crosstalk correction. When these values are greater than 10%, the

correction with only Cq or Cu is noneffective due to the non-negligible influence of Q0
B − Q0

R or
U0

B − U0
R. Otherwise, it is effective with just Cq or Cu. The profiles of Stokes Q, U and V are

calculated with the analytical solution (Bai et al. 2013).
We simulate the V −Q(V − U) polarization crosstalk by imposing a fraction of V signal, Cq

and Cu, into Q and U signals, respectively. The simulated results in different Doppler velocities ξ for
a given magnetic field strength are presented in Figure 3. The simulation shows that the larger Cq and
Cu are, the closer to unity the values of (Q′B−Q′R)/(VB−VR)/Cq and (U ′

B−U ′
R)/(VB−VR)/Cu

are with ξ = 1 km s−1, in the case of H = 1000 G, γ = 30◦ and χ = 60◦. This tendency for variation
is roughly the same for different velocities. The critical points of Cq are about 2%, 8% and 11%
when the velocities are 1, 2 and 3 km s−1, respectively, in the case that δCq1 reaches 10%. Under
the same condition, the critical points of Cu are about 2%, 4% and 6%. The results indicate that the
critical point increases with the Doppler velocity increasing. Furthermore, the correction for a larger
crosstalk, which is greater than the critical points, is effective according to our assessment criterion.
In the range of weaker crosstalk (where Cq,u is less than the critical points), the correction does not
work well.

Figure 4 shows the simulated results for different magnetic field strengths in a given Doppler
velocity. Similar conclusions can be drawn. The values of (Q′B −Q′R)/(VB − VR)/Cq and (U ′

B −
U ′

R)/(VB−VR)/Cu for different field strengths approach unity with the increase of Cq and Cu. The
critical points of Cq are about 1%, 2% and 4% with the magnetic field strength of 500, 1000 and
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Fig. 3 Numerical simulations of (Q′B − Q′R)/(VB − VR)/Cq vs. Cq and of (U ′B − U ′R)/(VB −
VR)/Cu vs. Cu at the filter positions ±0.12 Å, in different Doppler velocities. The dotted lines
correspond to the Doppler velocity of 1 km s−1, the dashed lines to 2 km s−1 and the dash-dotted
lines to 3 km s−1.

Fig. 4 Same as Fig. 3, but for the different magnetic field strengths in the same Doppler velocity.
The dotted lines correspond to the magnetic field strength of 500 G, the dashed lines to 1000 G and
the dash-dotted lines to 2000 G.

2000 G, respectively, if δCq1 is equal to 10%. The corresponding values of Cu are about 1%, 2% and
3%. With the field strength increasing, the critical point becomes progressively larger. The correction
for a larger crosstalk is also effective because the crosstalk is greater than the critical point. In the
range of a weaker crosstalk, the correction is unreliable.

This method can be employed in the actual observations taken with MCST. Due to a small FOV
of MCST, we assume that the crosstalk is uniform over the whole FOV. The polarized signals of
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Fig. 5 Maps of Stokes V, Q and U for AR NOAA 11117. From left to right, they are the polarized
images at ∓0.12 Å from the line center, and the polarized images with the instrument crosstalk
removed. A vertical line of L1 is selected on the maps of Stokes Q and U for further analysis
(presented in the panels of the right column in Fig. 6.)

AR NOAA 11117 were taken at ±0.12 Å from the line center, and a subfield of 2′ × 2′ of the AR
is selected for study. From top to bottom, the maps of Stokes V, Q and U are shown in Figure 5,
respectively. The left column shows the images at−0.12 Å from the line center, the middle gives the
ones at +0.12 Å, and the last column displays the images with the crosstalk removed. We present
the scatterplots of Stokes (QB−QR)/I vs. (VB−VR)/I and (UB−UR)/I vs. (VB−VR)/I shown in
the first column of Figure 6. A linear fit of the crosstalk is given and the slope indicates the circular
polarization is leaking into the linear ones, for which the crosstalk of Stokes V −Q is 10.3% and
Stokes V − U is 8.5%. The same plots, but with the circular polarization removed, are displayed
in the middle column of Figure 6. The corresponding slopes of 0.03% and 0.003% are negligible,
which indicates that the crosstalk correction is effective.

Finally, we present the corrected images in the last column of Figure 5, and the linear polarized
signals along L1 (in Fig. 5) before and after correction in the last column of Figure 6.

Figure 7 shows the vector magnetograms before and after correction taken at –0.12 Å off the
line center, where the potential-field method is employed to remove the 180◦ ambiguity and only the
transverse field strength larger than 300 G is displayed. Comparing the two magnetograms shows
that after correction the number of arrows becomes less, indicating that the field strength in some
pixels decreases to less than 300 G. In addition, some arrows change their directions, implying there
are variations in the azimuth angle.
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Fig. 6 Scatterplots of Stokes (QB −QR)/I vs. (VB − VR)/I and (UB −UR)/I vs. (VB − VR)/I ,
before (left column) and after (middle column) crosstalk correction. The solid lines are linear fits to
the data. The last column is the original (solid line) and the corrected signals (dashed line) along L1,
which is defined in Fig. 5.

Fig. 7 Vector magnetic fields at −0.12 Å from the line center. Left and right panels are the mag-
netograms before and after crosstalk correction with Method 1, respectively. The backgrounds are
line-of-sight components of the magnetic field scaled by contours, whose levels are ±50, 100, 200
and 400 G. The red/blue contours represent the field being negative/positive. Arrows denote the
transverse component of the magnetic field.

4.2 Correction Method 2: Signal Superposition at the Symmetrical Line Wings

The correction equation can be obtained by adding Equations (3) and (4). This yields

Q′λ0+δλ1
+ Q′−λ0+δλ2

= (Q0
λ0+δλ1

+ Q0
−λ0+δλ2

) + Cq(Vλ0+δλ1 + V−λ0+δλ2). (8)
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Fig. 8 Numerical simulations of Cq(VB + VR)/(Q0
B + Q0

R) vs. Cq and Cu(VB + VR)/(U0
B +

U0
R) vs. Cu with different Doppler velocities and filter positions. The simulations at ±0.08 Å are

shown by the dashed and dash-dotted lines, while the ones at ±0.12 Å by the dotted and solid lines,
respectively.

Similarly, the equation for Stokes U is

U ′
λ0+δλ1

+ U ′
−λ0+δλ2

= (U0
λ0+δλ1

+ U0
−λ0+δλ2

) + Cu(Vλ0+δλ1 + V−λ0+δλ2). (9)

Note that if δV = Vλ0+δλ1 + V−λ0+δλ2 → 0, there is no need to calculate Cq and Cu. Hence
the task is to seek a pair of wavelengths so that Vλ0+δλ1 ≈ −V−λ0+δλ2 . Fortunately the circular
polarization V has an antisymmetric profile shape, which means Vλ0 = −V−λ0 . If the shifts of δλ1

and δλ2 are small enough to make Vλ0+δλ1 ≈ Vλ0−δλ1 and V−λ0+δλ2 ≈ V−λ0−δλ2 , then we have
Vλ0+δλ1 = −V−λ0−δλ2 . Thus, Vλ0+δλ1 ≈ −V−λ0+δλ2 is satisfied. In other words, the two particular
offsets occur with the shifts of λ0 + δλ1 and −λ0 − δλ2, which happen to approximately balance
the two V signals.

The ratios of Cq(VB +VR)/(Q0
B +Q0

R) versus Cq and Cu(VB +VR)/(U0
B +U0

R) versus Cu are
simulated and shown in Figure 8. Here the subscript B still indicates the wavelength −λ0 + δλ1 but
R refers to the wavelength λ0 + δλ2 of the selected spectral line, in which λ0 is the filter position.
The input parameters for field strength, inclination and azimuth angle are 1000 G, 30◦ and 60◦,
respectively. Four pairs of wavelengths are used in the simulations. They are (–0.16 Å, +0.08 Å),
(–0.14 Å, +0.10 Å), (–0.12 Å, +0.04 Å) and (–0.10 Å, +0.06 Å). The first two pairs are employed to
simulate the filter positions at ±0.12 Å from the line center while the rest correspond to the ones at
±0.08 Å. In addition, the first and third pairs indicate the Doppler velocity of ξ = 2.32 km s−1, and
the second and fourth pairs that of ξ = 1.16 km s−1.

Here we define δCq2 = Cq(VB + VR)/(Q0
B + Q0

R) and δCu2 = Cu(VB + VR)/(U0
B + U0

R), and
still set δCq2,u2 = 10% as an assessment criterion. If their values are greater than 10%, the crosstalk
correction is unreliable because of the influence of Cq(VB + VR) or Cu(VB + VR). In case their
values are less than 10%, the correction is effective since they are so small and negligible.

From the simulation result, it is apparent that δCq2 and δCu2 are about zero if the crosstalk is
small at the position of 0.08 Å from the line center. They grow linearly with increasing Cq or Cu.
The correction is reliable if the crosstalk Cq is less than 20% (17%) with a Doppler velocity of 1.16
(2.32) km s−1. In the case of Cu, the critical point is about 18% (13%) according to the assessment
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Fig. 9 Images of Stokes V, Q and U of AR NOAA 11117. The left and middle columns are the maps
at –0.08 Å and +0.08 Å from the line center, respectively. The right column is the half-summations
of the values at those two positions.

criterion. At the position of 0.12 Å from the line center, the correlation between δCq2,u2 and Cq,u is
similar to that at the position of 0.08 Å. The critical point of Cq is about 5% (1%) and of Cu is about
4% (1%) corresponding to a velocity of 1.16 (2.32) km s−1.

In summary, the advantage of this method is that only Stokes Q and U are needed, and it is
effective when the crosstalk is smaller than the critical point, which is usually in the range of weak
crosstalk (see the values at 0.12 Å). The drawback is that it does not work well when the crosstalk is
larger than the critical point. In addition, the critical points rely on the filter positions. At 0.08 Å from
the line center, they are larger than those at 0.12 Å in the simulation, implying that the correction at
0.08 Å is more suitable for MCST whose crosstalks are estimated to be about 10.3% and 8.5% for
Cq and Cu, respectively, according to method 1.

In the following, we attempt to correct the observed linear polarization signals with this method.
The filter position is selected at 0.08 Å according to the simulation.

Figure 9 shows from top to bottom respectively the maps of Stokes V , Q and U of NOAA 11117
at ±0.08 Å from the line center. The left column is for the polarized images at −0.08 Å, while the
middle column is for the ones at +0.08 Å. The half-summations of the values at ±0.08 Å are shown
in the right column. It can be seen that the half-summations of Stokes V nearly vanish in contrast to
those of Stokes Q and U . The vector magnetic fields at −0.08 Å are displayed in Figure 10 before
and after the correction. Clearly, both the strength of the transverse field and the azimuth angles are
changed after the correction.
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Fig. 10 Vector magnetograms at −0.08 Å from the line center. The left panel is the original mag-
netogram while the right panel is the corrected one (with method 2). The background is the line
of sight component of the magnetic field, which is scaled by the contours with levels of ±50, 100,
200 and 400 G. The red/blue contours represent the field being negative/positive. Arrows denote the
transverse magnetic component.

5 CONCLUSIONS AND DISCUSSION

In this paper, we present the calibration coefficients in the wavelength range of the Mg b2 line based
on the scanned spectral data with a technique of nonlinear least-squares fitting. Furthermore, the
polarization crosstalk, introduced by the instrument, is studied in detail. A comparison of the vec-
tor magnetograms before and after crosstalk correction is presented. The main conclusions are as
follows.

(1) The calibration coefficients for longitudinal and transverse components of vector magnetic fields
in the chromosphere vary with wavelength. The minimum value occurs at the line wing of
0.12 Å.

(2) Two methods are used to correct the linear polarization crosstalks, V −Q and V − U . As shown
by the simulations, the first method is effective when the crosstalk is larger than the critical point,
but it becomes unreliable if the crosstalk is less than that point. The correction changes not only
the strength of the transverse field but also its azimuth angle. The second method is effective if
the crosstalk is smaller than the critical point, but it becomes invalid for a large crosstalk which
is greater than that point. Only Stokes Q and U are needed in this method.

(3) It is very important for selecting an ideal filter position to remove the polarization crosstalk
introduced by the instrument. If the filter position is selected at 0.12 Å from the line center, it is
better to use method 1. If it is at 0.08 Å, both methods work well.

In the following, we would like to discuss more on how much confidence we have in the cor-
rection of polarization crosstalk with the above two methods. As shown in Secion 4.1, we have
demonstrated that the circular-to-linear polarization crosstalk, Cq/Cu for one active region, is about
10%. This value is independent of both the active region and the filter position. According to our nu-
merical simulation, both methods involved in this paper are effective to correct such level of crosstalk
as long as the filter position is correctly selected. As shown by the simulation in method 1, the cor-
rection depends on both the Doppler velocity and the magnetic field strength. If the velocity is less
than 2 km s−1, it is reliable for Cq > 8% and Cu > 4% at 0.12 Å from the line center. If the magnetic
field strength is less than 2000 G, it is reliable for Cq > 4% and Cu > 3%. Cq and Cu estimated
from method 1 are about 10.3% and 8.5%, respectively. So, we are confident that the correction is
effective when the Doppler velocity is less than 2 km s−1 and the magnetic field strength is less than
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2000 G. In addition, Cq and Cu of MCST are the averaged values obtained with the assumption that
they are uniform over the entire FOV. Therefore there may be errors in some pixels during the data
processing if the crosstalk is nonuniform in the FOV. In method 2, the crosstalk correction is effective
in the range of 0 to 17% for Cq and 0 to 13% for Cu if the Doppler velocity is less than 2.32 km s−1

at 0.08 Å from the line center. The correction is effective under this condition. Moreover, the criti-
cal points vary with filter positions. Hence it is important to select a better filter position with this
method for correcting the observational data. From the simulations with the two methods, the criti-
cal point is based on the Doppler velocity. It is better to apply both the magnetic field and Doppler
velocity data in the correction of the crosstalk introduced by the instrument. However, there is no
velocity measurement in MCST at present. These data are expected to be obtained in the future and
can improve the accuracy of crosstalk correction.

Finally, we give more discussions about the chromospheric magnetic fields. Its strength drops
quickly with height according to the magnetic canopy picture. In weakly magnetized plasma, the
linear polarization of some spectral lines (e.g., the He I 10830 Å) is dominated by the Hanle effect
(Trujillo Bueno et al. 2002). In the presence of a magnetic field inclined with respect to the local solar
vertical direction, the atomic level polarization (Stokes Q and U ) is modified by the Hanle effect,
which, together with the Stokes V that is induced by the Zeeman effect, should be used to infer
the magnetic field vector. For the Mg b2 line, the depth of formation of its center is about 900 km
above the bottom of the photosphere and there is no need to consider this effect if one focuses on
active regions (private communication with J.O. Stenflo). Therefore, the Hanle effect is not taken
into account in the present calibration work in HSOS.
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