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Modelling of solar irradiance variability
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From James Clerk Maxwell Telescope (JCMT)
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Radiative transfer code
Non-LTE Spectral SYnthesis (NESSY)

❖

Solves the 1D spherically symmetric non-LTE radiative transfer
equation for a given temperature and density stratification

❖

Population equations are solved simultaneously with the
radiative transfer equation for elements from hydrogen to zinc

❖

Performs spectral synthesis taking into account millions of
spectral lines

Tagirov et al. (2017)

Model atmospheres

Quiet Sun spectrum:

FAL99-C

Umbral spectrum:

Severino

Fontenla et al. (1999), Severino et al. (1994)

Umbral models - an overview
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Figure 12. Difference between the umbral brightness (in temperature units) and
the QS brightness, plotted as a function of wavelength for the same models as
in Figure 8. The colored ﬁlled circles and error bars indicate the observational
erature as a function of height in a number of standardmean
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Summary
❖

The existing models for the sunspot umbra and penumbra either lack
chromosphere or have a poor representation of it

❖

Using the recent observations from ALMA along with the ones from JCMT,
we construct a model for the umbra with a better constrained chromosphere

ALMA and IRIS
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Iwai et al.

Figure 1. Full-disk solar images observed by (a) ALMA at λ=3 mm and (b) AIA at 1700 Å, on 2015 December 16 centered at 18:32 UT. Details of the region
within the rectangles in panels (a) and (b), including the large sunspot of AR12470, are shown in panels (c), recorded by ALMA at 3 mm, and (d), acquired by the
HMI in the visible continuum. The red and blue contours in panel (c) indicate the boundaries of the umbra (0.65 of quiet-Sun intensity in the visible continuum) and
penumbra (0.9 of quiet-Sun level), respectively. The overlaid color contours in panel (d) indicate the 6300 K (purple), 6900 K (blue), 7500 K (green), 8100 K
(orange), and 8700 K (red) brightness temperature levels in the ALMA λ=3 mm map. The horizontal and vertical axes are the R.A. and decl. offsets, respectively,
measured from the disk center position.

structure of a sunspot at λ=3 mm in high-resolution ALMA
images and to compare it with ultraviolet (UV) and extreme
ultraviolet (EUV) images obtained by the Interface Region
Imaging Spectrograph (IRIS) and the Solar Dynamics Observatory (SDO). The instrument and data set used in this study are
described in Section 2. The data analysis is presented in
Section 3. The results are summarized and discussed in
Section 4.
2. Observation
The observations discussed here were carried out with ALMA
during solar commissioning activities between 18:01 and 18:48

300″ × 300″. Details of the observation and analysis are
provided by Shimojo et al. (2017).
Single-dish, fast-scanning observations covering the full solar
disk were carried out simultaneously (see White et al. 2017). The
FWHM of the single-dish primary beam is about 60″ at
λ=3 mm. The single-dish and interferometric data were
combined in the UV plane (feathering) to derive the absolute
brightness temperature of the interferometric maps (Shimojo
et al. 2017).
The receivers of both interferometric and single-dish antennas
were detuned for the mixer mode 2 (MD2) setting (Shimojo
Iwai The
et al.
et al. 2017) to prevent the saturation of the instrument.
detuning technique enables us to derive a well-calibrated image

(2017)

Summary
❖

The existing models for the sunspot umbra and penumbra either lack
chromosphere or have a poor representation of it

❖

Using the recent observations from ALMA along with the ones from JCMT,
we construct a model for the umbra with a better constrained chromosphere

❖

Potential additional constraints from IRIS data

❖

Next step is to improve the chromosphere in penumbral models

❖

Implement these updated models in SATIRE to reconstruct the irradiance
variability in the UV

❖

Use the models to interpret the observations from future missions such as
Aditya-L1 and Sunrise-3
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