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Fig. 1 Comparison between the synthetic Stokes profiles (solid line) and the Fourier demodulation

results (dots). Here we demodulate Stokes profiles by using Eq. (3). From left to right and top

to bottom, we display the profiles of I/Ic, Q/I, U/I, V/I, respectively. In the left—top panel,

the dashed line (red) illustrates the residual between the synthetic Stokes I/Ic profile and the

demodulated one.
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Fig. 2 Comparison between the synthetic Stokes profiles (solid line) and the Fourier demodulation

results when the number of samples per half-rotation of the waveplate increases. Left (right)-upper

panel: The Q/I (V/I) profile. Bottom: The residual of the synthetic profile and the demodulated

results with the number of samples equal to 128.
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Fig. 3 Comparison between the synthetic Stokes profiles (solid line) and the Fourier demodulation
results(dots). Here the demodulated Stokes profiles are retrieved using the formulas in Eq. (7).

The dash-dotted line shows the residual between these two profiles.
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Fig. 4 Relative errors of the Stokes parameters Q, U,V caused by the home—-position error of the
rotating waveplate. The input Stokes vectors are set to be Sj, = (1,0.02,0.06,0.2)T . The modulation
process can be seen in the text. The results derived by the Fourier demodulation are shown by
the symbols of " X", while the results derived by using the demodulation matrix are plotted by

the dashed line.
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one modulation cycle and the time taken by the detector to collect the photons.
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Fourier Demodulation of the Continuously Rotating

Waveplate Modulation and the Error Analysis

Lin Zheyu'?, Xu zhi*
(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, China
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Continuously rotating waveplates as the polarization modulator is an

important candidate polarimeter configuration for many solar telescopes to measure the

solar magnetic field. It is widely adopted in many ground-based or space-based solar

telescopes for the solar magnetic field measurement. In this paper, we present the

derivation and formula of the Fourier demodulation in the context of continuously rotating

waveplates. We further testify the formula correctness by using the synthetic Fel Stokes

profiles, which are produced by the RH radiative transfer code with a given atmosphere



model. In addition, we calculate the effect of the home-position errors, the positioning
errors of the waveplate rotation and the time difference between the waveplate slot time
and the detector frame time on the demodulated results, by using two kinds of
demodulation methods, i.e., the demodulation matrix and the Fourier analysis. The main
findings are: (1) The new Fourier analysis can provide more accurate results than the
simple one adopted by the step-wise modulation. Similar results are obtained when we do
the relative error estimation using these two demodulation methods. (2) Considering the
relative errors due to the home-position angle error, we find the demodulated linear
polarization are almost the same using these two methods. However, in the case of
circular polarization, the demodulation based on the demodulation matrix is more reliable.
Whatever which method is applied, it is shown that the home-position angle error has the
same effect on both the circular and linear polarization. The relative error of 10-3 requires
the home-position angle accuracy within ten arc seconds. (3) Calculating the relative error
caused by the position error of the waveplate rotation, we find the demodulation results
are almost equal using these two methods. Both of them show that the position error has
more influence on the linear polarization. Furthermore, the requirements of the position
accuracy are much higher (ten of arc seconds) than that in the case of step-wise
modulation (0.1 degree) in order to achieve the relative error of 10-3. (4) It is crucial to
precisely match the detector frame time and the waveplate rotation slot time. We
investigate the relative error due to the difference between them and find that the time
difference (A) can cause cross-talk between the linear polarization signals. It has more
prominent effect on the linear polarization than on the circular polarization. The time
difference as a percent of the waveplate slot time (A/T) is required to be smaller than 1%

if the relative error is smaller than 10-3 for the linear polarization.
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