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HMI Polarization Calibration: Vector camera

The different optical elements of the instrument modify the incoming Stokes vector such that the outgoing signal is different from the real solar Stokes vector. The purpose of this test is to obtain the polarimetric response matrix of HMI, that is, to know how the instrument modifies the signal. This allows to clean the observed signal (removing instrumental effects) and obtain the real (solar) Stokes vector. In principle, if all optical elements were perfect, this could be done purely theoretically.

The epsilon matrix indicated in the slide represents the allowed errors in the determination of the elements of the polarimetric response matrix. The most important elements (and most difficult to measure accurately) are the off-diagonal ones. Knowing them with insufficient accuracy will leak large amounts of circular polarization into linear (and vice-versa). Those must be known with a confidence of 1 %. The first column represents the contamination of total intensity into polarization (the other way around for the first row). The first column can be determined very precisely in orbit. The first row is unimportant since polarization signals are much smaller than intensity signals.

To determine the polarimetric response matrix of the instrument the PCU is placed in front of the instrument. A lamp (or sunlight) can be used to feed PCU and HMI. The PCU allows to select a given polarization state that will enter HMI. By measuring the output light in HMI we compare the theoretical (assuming all optical elements to be perfect) output with the observed one. This procedure allows us to characterize small imperfections in the instrument and therefore obtain a more accurate polarimetric response matrix.

In practice, the polarization state cannot be selected perfectly because the optical elements of the PCU are not perfect either, therefore we must account for imperfections simultaneously.

The set of input polarization states must ensure that all unknown parameters in the system (i.e.: imperfections in the optical elements) can be retrieved uniquely. Two different observing sequences have been used for that purpose. They were obtained using a SVD analysis of the Jacobian of the system. Comparing the results from both sequences is important to validate the method.

Particularly important for these tests is to maintain always the same reference frame (relative orientation of the PCU and HMI). Controlling the variations in the intensity of the light source (lamp) has proved to be critical to obtain consistent results.
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HMI Polarization Calibration: Doppler camera.

The Doppler camera will try to measure only I+V and I-V. If our knowledge of the optical system (including imperfections) was perfect we could measure those two polarizatin states perfectly. In practice we will always measure I+V+aQ+bU and I-V+cQ+dU. The contribution of the linear polarization (Q and U) cannot be removed a-posteriori because we have only two measurements instead of the 4 required. However, we can select adequate positions of the HMI waveplates to minimize the cross talk from linear into circular polarizartion (minimize a,b,c and d). The requirement is that this cross talk should be smaller than 5 % for the full field of view. In practice this condition does not need to be satisfied for the uppermost and lowermost regions of the CCD since no active regions appear normally above 60 degrees above the equator.

The slide shows an example of this cross talk as a function of the position on the CCD. This was obtained using a particular combination for the 3 waveplates angles. Other similar combinations are possible. In this case requirements are completely satisfied, being the average cross talk over the FOV of about 1 % and the maximum cross talk always below 5 %.

