Faurobert et al.: Temperature gradient in the low solar photosphere

Fig. 6. Images at different line levels. The image degradation due to the atmospheric turbulence r0 = 7 cm is corrected by the AO system described
in the text. Left panel: Line level 1 (line core). Middle panel: Line level 8 (granulation-contrast inversion zone). Right panel: Line level 15 close
to the continuum.

2.3. Temperature measurement
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damping wings. To obtain a fine enough depth grid, we chose to
define 25 line cords given by δλi = (i − 1)∆λc /24. The dampingwing images are typically at levels 15 to 25, nd they are well
correlated with the continuum image. Figure 6 shows the images
obtained at three different line-levels in the case where the Fried
parameter is r0 = 7cm, and with AO-correction.
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In the following we use synthetic images at line-index larger
than 14 at cos θ = 0.85. The mean temperature is derived from
the mean intensity in the image using the Planck law. The calibration of the intensity in the simulation to physical units is
made using the intensity measured by Neckel (2005) in the solar continuum at 630 nm at cos θ = 0.85: Ic (λ = 630nm, and
cos θ = 0.85) = 2.76675 1014 in cgs units.
2.4. Measurement of the formation-depth difference

As in Faurobert et al. (2016), we measured the perspective shift
along the radial direction between images taken in a line wing
and in the continuum when they are observed away from disk
center, that is, at heliocentric angles different from 0.
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We wish to measure the mean temperature on constant continuum optical-depth surfaces. Assuming that the FeI 630.15 nm
is formed under LTE conditions in the solar photosphere, we
may derive the mean temperature from the mean intensity in
the images at the different line-levels. The LTE assumption has
been tested by various authors (see Shchukina & Trujillo Bueno
2001) who showed that it gives very good results for the average line-profile of the FeI 630 nm line pair on surfaces of several
arcseconds2 . We also tested the LTE assumption for the average
intensity obtained at the different line-levels in the FeI 630.15
nm by comparison with Hinode SOT/SP observations. Figure 7
shows this comparison for observations of the quiet Sun at the
solar minimum in 2007. For Hinode data the averages are obtained on 10” x 10” surfaces away from network elements. The
small differences observed at disk center close to the line center,
between the LTE simulations and the observations, might be due
to some scattered light in the SOT/SP spectrograph. The agreement is very good at line-levels larger than 10, however, where
scattered light (if any) is negligible.
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Fig. 7. Intensity averaged on a 10” x 10” region of the quiet Sun at
the 25 line levels normalized to the average continuum intensity at disk
center. Dashed line: Simulations. Full lines: Hinode data. Upper panel:
At solar disk-center. Lower panel: At cos θ = 0.85

The image obtained at a line-cord level i, denoted by Ii (x, y),
is formed higher in the photosphere than the continuum image
Ic (x, y). Because of the perspective effect, Ii (x, y) will appear to
be shifted toward the limb in comparison with Ic (x, y) when the
images are observed out of disk center. Two-dimensional images
are not needed, and one-dimensional spectrograms may be used
provided the spectrograph slit is oriented in the radial direction
where the perspective shift takes place.
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