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Abstract

We compare two methods to compute Doppler shifts and infer line-of-sight (LOS) velocities of the largely used photospheric Si | 10827 A line. This line is formed in the upper
photosphere. The first method consisted of computing the height-depend bisectors of the line. For the second method we used the Stokes inversion based on response function
(SIR) code, which provided height-dependent information, in an optical depth scale, of the LOS velocities. Thirty consecutive maps observed on 2015 April 17 between 08:16 and
08:45 UT were exploited for this study. The bisectors were computed in 10%-steps of the line depth using linear interpolation in both line wings. The output model from the SIR
code covered 55 optical depth positions between 1.4 =2 log 1 =2 -4.0. These LOS velocity maps from SIR at different log r were compared with those originated from the bisector
method at different percentages. The comparison between both methods allowed us to associate the bisector percentages to a specific optical depth. High linear correlations in the
range of 94-99% were found. Bisector velocities obtained deeper in the line correspond to lower optical depths. The inferred correspondence between bisector percentage and

optical depth can be used to quickly obtain information about the LOS velocity stratification versus optical depth without using inversions.
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Fig. 1: Slit-reconstructed GRIS images at 08:43:21 UT on 2015 April
17 of the EFR. Continuum intensity (top) and He | line depression
(bottom). The region is located at heliographic coordinates S19 and

W4 (u = 0.97).

an inversion code. It has been widely
used the SIR code (Ruiz Cobo et al.
1992) for photospheric lines. SIR is
based on response functions and solves

radiative transfer equation assuming local LTE and hydrostatic equilibrium. The LOS velocity
stratification is inferred as a function of the optical depth (log = at 5000 A). While bisectors can be
computed in minutes for one map, SIR requires days for the same map.
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Fig. 2: The filled circles depict the highest correlation for each bisector
map at a given line depth. The value of the optical depth for every
bisector is the mean value of the 30 maps. The red filled circle indicates
the results at the line core. The bars depict the standard deviation (for g gussian fit.
the 30 maps). The line represents the linear fitting between all the

bisectors except at the core.

There is a clear linear correlation between the
bisectors and the optical depth except at the core.

y = 0.033x — 3.206
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Fig. 4: LOS velocity maps inferred from the Si
(bottom). The maps refer to the same time as shown in Fig. 1. The highest linear correlation between both methods

is 99.2% and corresponds to the bisector velocity at 30% and log = = -2.3 from SIR. The contours outline the pores
in the continuum image ( <0.891;). These areas were not included when computing the correlation between the

bisector and SIR velocities.
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bisector method and with the SIR inversions. The x-axis enumerates
the maps. Every color shows a different bisector percentage.

Conclusions

The bisectors method is suitable to quickly infer Doppler velocities from the Si I line at different heights. In
addition, using the SIR code, we have associated the bisectors for a specific line depth to a specific optical
depth of the atmosphere. We have demonstrated this with spectroscopic data taken with the GRIS instrument
at GREGOR and achieved correlation values above 94% between the bisector maps and the inferred SIR
velocity maps (Fig 3). We have characterised the relation between bisector percentage and optical depth (y =
0.033x - 3.206). These results are only valid avoiding areas with very strong magnetic fields where the line
splits. The advantage of using the bisector method instead of the SIR code is the much faster computing time.
The inferred velocity maps using the bisector method applied to all 30 maps were computed in about 60
minutes (with one Intel Core i7-4770 CPU at 3.40 GHz and 32 GB of RAM). On the other hand, in serial, SIR

would need about 108 days.

Acknowledgements

The 1.5-meter GREGOR solar telescope was built by a German consortium under the leadership of the Kiepenheuer-Institut fir Sonnenphysik in

Gonzalez Manrique, S. J., Kuckein, C., Pastor Yabar, A., 2016, AN, 337, 1057 ' Schmidt et al., AN, Vol. 333, Issue 9, p. 796, 2012

Gonzalez Manrique, S. J., Denker, C., Kuckein, C., et al. 2017, in IAU Sym- Stix, M. 2004, The Sun: An Introduction (Berlin, Germany: Springer)
posium, Vol. 327, ed. S. Vargas Dominguez, A. G. Kosovichey,

P. Antolin, & L. Harra, 28-3

Freiburg with the Leibniz-Institut flr Astrophysik Potsdam, the Institut flir Astrophysik Goéttingen, and the Max-Planck-Institut flr
Sonnensystemforschung in Goéttingen as partners, and with contributions by the Instituto de Astrofisica de Canarias and the Astronomical Institute
of the Academy of Sciences of the Czech Republic. SUGM is grateful for financial support from the project VEGA 2/0004/16. We would like to
thank Dr. B. Ruiz Cobo for fruitful discussions. We are grateful to Dr. C. Denker for reviewing the text.



