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The analysis of the coronal emission observed at diﬀerent wavelengths during the
propaga>on of coronal mass ejec>ons (CMEs) and associated phenomena, such as erup>ng
prominences and shocks, can provide unique informa>on on the main geometrical, kine>c,
and thermodynamical proper>es of these major manifesta>ons of the solar ac>vity.
We present recent results obtained from diﬀerent diagnos>c techniques applied to visiblelight and UV coronagraphic data, providing physical proper>es of the plasma such as the
density, temperature, and magne>c ﬁeld distribu>on, in the perspec>ve of the possible
applica>ons to future Solar Orbiter/Me>s data.

3D structure of CMEs
Knowledge of the 3D structure of CMEs is fundamental to ﬁx projec>on eﬀects of 2D
coronagraphic images and to derive direc>onality and real velocity of CMEs. Several
techniques have been generally adopted: geometrical modelling, stereoscopy (with images
from diﬀerent viewpoints), polarisa>on ra>o.
In par>cular, the polarisa>on-ra>o method exploits the dependence of Thomson scaVering on
the scaVering angle, hence on the loca>on z of the electrons along the line of sight (LOS),
since pB/B = f(z2) (see Fig. 1).
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Figure 3. Le3: erup>ng prominence observed simultaneously by LASCO-C2 in visible-light (base diﬀerence) and UVCS in Lyman-α
(intensity along the slit). Right: scheme of the itera>ve diagnos>c method based on the MALI code. Input parameters are: the
prominence thickness D, kine>c temperature Tk, non-thermal veloci>es ξ, ﬂow velocity vout, height above the surface H. The output
is the gas pressure necessary to reproduce the observed Lyman-α intensity.

Analysis of LASCO-C2 images and UVCS Lyman-α spectra of a “hot” prominence has shown
that, despite the prominence is a a low-pressure structure with low electron densi>es and
high temperatures, up to 50% of the prominence is characterised by non-negligible op>cal
thickness (> 0.3) [5]. Combina>on of visible-light and UV data can be also be used to infer the
prominence plasma ﬁlling factor [7].

DiagnosCcs of coronal magneCc ﬁelds

Fast CMEs can drive shock waves expanding in the corona and heliosphere. Analysis of the
dynamics of CME-driven shocks in visible-light images (see Fig. 4) can be used to infer the
average magne>c ﬁeld strength on the POS through the measurement of the shock geometry
and velocity and the plasma compression ra>o, which can be related to the Alfvén Mach
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Figure 1. Le3: geometry of the Thomson scaVering. Right: example of 3D reconstruc>on using the polarisa>on-ra>o method
applied to polarised visible-light images of a CME acquired by STEREO-COR1. Le3 panel: view of the CME front from the Earth. Right
panel: view of the CME front from above the eclip>c.

This method can be applied to single-viewpoint visible-light images of CMEs [1, 2]. Since CMEs
are usually enclosed in a spa>ally limited region along the LOS, the measurement of the
brightness ra>o determines the weighted averaged distance from the plane of the sky (POS)
Figure 4. Cartesian plot showing the locations of the shock front identiﬁed at
different times
C2 and C3 white-light images.
Figure 5. Base-difference LASCO C3 image showing the location of the shock
of the emi\ng plasma [3]. In addi>on, sta>s>cal analysis to the whole distribu>on
of in LASCO
Figure 4. Map of the average coronal magne>c-ﬁeld
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iden>ﬁed scaVering loca>ons can be used to infer the depth along the LOS of the CME [1].
directions in the same points (red arrows).
Figure 11. Comparison between the pre-shock coronal white light structures observed by the LASCO C2 coronagraph (left) and the magnetic ﬁeld strengths derived in
this work in the LASCO C2 ﬁeld of view (right). The dashed lines show the location where latitudinal proﬁles of the WL intensity and ﬁeld strength have been
extracted to be plotted in Figure 12.

DiagnosCcs of electron density

agreement with the location of the CME ﬂux rope, thus
demonstrating that our results are in good agreement with those
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can be identiﬁed with an estimated uncertainty of ±3 pixels on
average and ±5 pixels for LASCO C2 and C3 images. Larger
uncertainties could be related to the applied procedure of
background subtraction, at the possible locations where the preeruption corona signiﬁcantly changed during the event.
We apply this procedure to seven consecutive images where
we could identify signatures of the shock: two from LASCO
C2, acquired at 06:47 and 07:01 UT, and ﬁve from LASCO C3,
acquired at 07:09, 07:24, 07:39, 07:54, and 08:09 UT (see
Figure 1). Later on, we were not able to locate the shock front
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Computa>on of the electron density for transient events such as CMEs is usually performed
from base-diﬀerence images that are related to the density in excess with respect to the
ambient corona [4].
Base diﬀerences can only provide an es>mate of the electron column density (units of cm ),
while the average density (cm—3) can be inferred only if the thickness of the CME plasma
volume along the LOS is known. This es>mate can be signiﬁcantly improved if the 3D structure
of the CME plasma is known (e.g., from the 3D reconstruc>on with the polarisa>on-ra>o
method) [2, 3].

DiagnosCcs of electron temperature

Combina>on of visible-light and Lyman-α observa>ons can be used to es>mate the CME
plasma temperature taking into account the Doppler dimming eﬀect that aﬀects the
resonantly scaVered component of the Lyman-α emission line [2].
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