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Abstract. The density and temperature proﬁles in the solar corona are complex to describe, the
observational diagnostics is not easy. Here we present a physics-based model to reconstruct the
evolution of the electron density and temperature in the solar corona based on the conﬁguration
of the magnetic ﬁeld imprinted on the solar surface. The structure of the coronal magnetic ﬁeld
is estimated from Potential Field Source Surface (PFSS) based on magnetic ﬁeld from both
observational synoptic charts and a magnetic ﬂux transport model. We use an emission model
based on the ionization equilibrium and coronal abundances from CHIANTI atomic database
8.0. The preliminary results are discussed in details.
Keywords. Sun: magnetic ﬁelds, corona.

1. Introduction
The coronal electromagnetic emission provides important information about the dynamics and the characteristics of the solar corona and it is spatial and temporal variability. However, the determination of the plasma parameters, such as the electron density
and temperature is diﬃcult because the electromagnetic emission is aﬀected due to the
distribution is along the line of sight. Here we present a physical model to reconstruct the
electron density and temperature proﬁles through the solar corona based on the conﬁguration of the magnetic ﬁeld. In particular, we study the evolution of the electron density
and temperature during the two last solar cycles. For this purpose, we use magnetic ﬁeld
from synoptic charts of MDI/SOHO and HMI/SDO instruments.

2. Approach
In order to model electron density and temperature proﬁles in the solar corona, we
used solar surface magnetic ﬁeld from the surface ﬂux model of Schrijver (2001). The
surface ﬂux model was updated each six hours. A diﬀusion model, the evolution of active
regions and the transport process at the solar photosphere were considered. The magnetic ﬁeld components Br , Bθ , Bφ in each magnetic ﬁeld line were obtained from PFSS
(Schrijver & De Rosa (2003)). They were used to build the density and temperature
proﬁles. The electron density (N ) and temperature (T ) proﬁles are described using the
159
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Figure 1. Upper panel: Temperature proﬁle in diﬀerent layers through the solar corona.
Lower panel: Average density proﬁle at diﬀerent heights in the solar atmosphere.

following expressions:
γ

N = No (B)
b−1

T = To (B)

B
e−( a )

(2.1)
( b −1 )

(2.2)

Temperature proﬁle is based on the Weibull distribution function. Where a, b and γ
are
 proportional coeﬃcients, the magnitude of the magnetic ﬁeld corresponds to B =
Br2 + Bθ2 + Bφ )2 , No and To are the background density and temperature. We use an
emission model based on the solar reference spectra. It is built using ionization equilibrium model Mazzotta et al. (1998) and the coronal abundances from Meyer (1985)
at the central wavelength. The contribution function G(λ, T ), from CHIANTI atomic
database 8.0 (Del Zanna et al. (2000)) is yielded. The emission at a speciﬁc wavelength
is calculated in each voxel and integrated line-of-sight. This emission is compared to
observational data from TIMED/SORCE and it provides the performance of our model.

3. Variability of the electron density and temperature during the
solar cycle 23 and 24
The density and temperature proﬁles were obtained from the solar cycle 23 to 24
in diﬀerent layers through the solar corona (Rsun = 1.1 , 1.2, 1.3 and 1.6 R ) are
shown in Fig. 1. In this case we use the guess parameters: γ = 1.9992, a = 2, b = 6,
No = 294692000 cm−3 , To = 9 × 106 K, to obtain the density and temperature proﬁles.

4. Discussion
The temperature proﬁles show diﬀerences during solar cycles 23 and 24 at diﬀerent
heights in the solar corona (lower panel in Fig. 1) due to the relationship with the structure of the coronal magnetic ﬁeld. The average temperature proﬁle (Fig. 2) is in agreement
with the trend of some features in the solar atmosphere shown in Fontenla et al. (2011).
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Figure 2. Average temperature proﬁles in all considered layers from our model (black line).
Temperature proﬁles from Fontenla et al. (2011); in coloured lines, average temperature proﬁles
from diﬀerent structures of the solar photosphere are displayed.

The density proﬁles are related to magnetic ﬂux variations over the solar cycles (upper
panel in Fig. 1). This is the starting point for the study of long-term properties in the
solar corona. In the next steps we will use the optimization algorithm to ﬁt the model
parameters.
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