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Abstract
Determination of the three-dimensional (3D) thermodynamic structure of the solar corona by observational means is key to advance our understanding of the physical processes responsible of the heating and acceleration of the

solar wind. Towards this end, solar rotational tomography uses time series of White Light (WL) and extreme ultraviolet (EUV) images of the solar corona to determine the 3D distribution of the electron density and temperature of the
solar corona. The recently operational Metis space coronagraph, on board the Solar Orbiter mission, records both HI Lyman-α and WL images of the solar corona. Based on images from these spectral ranges, tomography allows
construction of 3D maps of the Lyman-α Doppler dimming term. In combination with a global model of the coronal magnetic field and proton temperature, the reconstructions allow derivation of 3D maps of the solar wind speed.

We describe the technique and show preliminary results based on simulations. Keywords: [ Sun: Solar Wind — Sun: Corona — Sun: Fundamental Parameters]

What is Solar Corona Tomography?

Tomography with Previous Instrumentation

Using EUV images taken over 1/2 solar rotation (≈ 14 days) with space telescopes
(SOHO/EIT, STEREO/EUVI, SDO/AIA), SRT allows 3D reconstruction of the

coronal emissivity in their various bands.

Based on the temperature response of the bands,
3D reconstruction of Ne and Te is then possible.

Highlights
• SRT is a powerful observational technique able to provide global constraints for
3D-MHD models of the solar corona and the solar wind.
• As new space instrumentation becomes available opportunities for development
and application of SRT arise.
• The Metis coronagraph, on board the Solar Orbiter mission, is the first space instru-
ment to perform simultaneous imaging of the solar coronal in the WL and HI Lyman-
α wavelenghts. Combination of tomography based on the two spectral ranges, with
a global model for the magnetic field and the proton temperature, allows in principle
reconstruction of the 3D wind speed.

• To probe the concept we first applied it to synthetic images computed from
3D-MHD simulations of the solar corona.
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Solar Orbiter (SolO and Metis)
Launched 10 February 2020, the Solar Orbiter’s journey from 2020 to 2030 involves

highly eccentric orbits with increasing off-ecliptic inclination ≈ 0 → 33◦, with
gravitational assistance manouvers (GAM) flying by Venus (V) and Earth (E).

As SOLO flies the Metis FOV varies from ≈ 5.8− 10.2 RSUN at its maximum
aphelion ≈ 1 au, down to ≈ 1.7− 3.0 RSUN at its minimum perihelion ≈ 0.28 au.

Metis simultaneously records coronal images in both
White Light (580-640 nm, left) and Lyman-α (UV121.6 nm, right).

Metis first-light on 15 May 2020, from a distance to the Sun ≈ 0.6 au,
and a FOV of ≈ 4.0− 7.0 .

3D Wind Speed from WL and Lyα Tomography
Being radiativelly excited by chromospheric emission, the Lyman-α emission of
coronal neutral Hydrogen (a very small fraction of H is non-ionized even in the

million degree corona) provides a diagnostic of the wind speed. The faster a solar
wind plasma parcel moves away from the Sun the smaller its radiative excitation is,

an effect known as “Doppler dimming".
Being the corona optically thin in Lyman-α, SRT can be applied to sequences of its

images to reconstruct the 3D distribution of the the quantity DH (defined below)
which, combined with reconstructions of Ne based on SRT applied to WL images,

allows determination of the 3D distribution of the
“Doppler dimming term" D (defined below).

Under several simplifying assumptions (see references) the Doppler dimming term
D(vr) can be analytically expressed in terms of the direction of the local magnetic
field β, the paralel and perpedicular coronal Hydrogen temperature vth∥,⊥, and the

radial component of the solar wind speed vr , as written above.

Metis Synthetic Images from 3D-MHD Model
Based on 3D-MHD simulations of the solar minimum corona, we compute Metis

synthetic images in both WL and Lyman-α. The simulation is performed using the
Alfven Wave Solar Model (AWSoM), part of the Space Weather Modeling

Framework (SWMF) suite, developed at the Univ. of Michigan.

3D Wind Speed: Reconstruction versus Model
The WL and Lyman-α images are used to carry out tomographic reconstruction of

the model Ne and DH , respectively. The reconstrucions are then combined to infer
the 3D Doppler dimmming term D(vr), then solved to find the wind speed vr .

The reconstructed 3D wind speed is then compared to that of the model.

Conclusions


